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���#���+�����	�����+���������"#$%������,������ ������ ����������
	����"#$%�����

&��-���.�/�� 

������.0�1�����������"#$%���+���� 5 ��� 4 $�"'��� '0*��	����&���������'
��
	

���&��
(���	��� ����+�#�2 &2�3������6�	����-��3�������
*�
�����	���"������������

�+���� 26 ��� 47 ��� ����+�#�2 "#	&2�3� (+)-sclerotiorin �
*�	�$#���� Penicillium 

sclerotiorum PSU-A13 ��#�@�B�C����������� Cryptococcus neoformans -���#�2#
#��	�3� MIC 32 

�g/ml �������
� 1-(2,5-dihydroxyphenyl)-2-buten-1-one �
*G���"#	 Microsphaeropsis arundinis 

PSU-G18 ��#�@�B�C��������!�������3� DPPH� #��	�3� IC50 0.018 mg/ml -���#�2�#
	���2���

����Q�� butylated hydroxyanisole 	�2	����������,���2"�/�� Microsporum gypseum SH-MU-4 

-���#�2#
��� (MIC 8 �g/ml) �����#�@�B�C����������� Candida albicans ��� C. neoformans -�

��#�2#
��3���� (MIC 32 �g/ml)   

���*��	�������#�	�2�
*$#�����������+���� 10 $�"'��� #��	��B
���"����"����%R$#�

���-��3�������
*�
�����	���"�������������+���� 31 ��� 65 ��� ����+�#�2 ���*�������2

@�B�C�����2��
��
	 Staphylococcus aureus �
*#����3�	���B�'����� (methicillin-resistant S. aureus) 

/������
*�	�$#� &2�3� coniothranthraquinone 1 ��� emodin �
*�	�$#���� Trichoderma 

aureoviride PSU-F95 ��#�@�B�C-���#�2#
���#��	�3� MIC 8 ��� 4 �g/ml ����+�#�2 �������
�

	��&2�3� Fusarium spp. PSU-F14 ��� PSU-F135 G����������
���W����������"�������&

"����"�� ����+�#�2 '0*����
���W����3��
���#������
��&�1�3��'���-���#�2�
*�3���-� ���*��+�

����
*�	�$#�$
�#��2�����
��&�1�3��'�������X��3��
�� ����X������� ����'���
��� (Vero 

cells) &2�3� austrocortirubin ��#������
��&�1�3��'�������X���������3�����#��	�3� IC50 1.80 

�g/ml '0*�-�����
	���2���������� doxorubicine (IC50 1.27 �g/ml) ���$�3��#������
��&�1�3�

�'���
��� 

����	������������!���������-2���&�� (Garcinia prainiana) �������!# (Citrus 

hystrix) ���#�����#����������	 (Wedelia trilobata) $#�����������	
���W��
*��#�@�B�C-�

��#�2�
*#
��3��������Q�� $#���3 morelloflavone ���-2���&�� (+)-syringaresinol ����������!# 

��� 4,2',4'-tetrahydroxychalcone ��� luteolin 7-methyl ether ���#�����#����������	 �
*��#��3� 

IC50 72, 76, 62 ��� 37�M ����+�#�2 
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 �+�����	�����������"#$%������,������ 4 ���# $#���3 Enhalus acoroides, Cymodocea 

rotundata, Halophila ovalis ��� Thalassia hemprichii '0*���X2���2����[�3����/�� ������#���� 

$#�������# 210 $�"'���  ��#�+����"#	��.�	���1[������[Q�����	������B
����
�"������ 

��#�23�$#� 8 Order 28 Genus �
����-� Genus Cladosporium ����
*��# 20 $�"'��� ������� ��� 

Penicillium (17 $�"'���), Fusarium (11 $�"'���), Cochliobolus, Nigrospora ��� 

Trichoderma �	3���� 9 $�"'��� �+��������������#$
�&����
�	�-������ potato dextrose broth 

(PDB) �����+�$
���##��	��B
������
$#��3�����#�	�2 3 �3�� $#���3 �3�����#�	�2 ethyl acetate 

�����+���
�	�������� (BE), �3�����#�	�2 hexane ����3������-	�� (CH) ����3�����#�	�2 ethyl 

acetate ����3������-	�� (CE) $#�������#������# 602 ��� �+�$
�#��2@�B�C�����������
	��3�

"�� ������3� MIC ��� minimal bactericidal concentration (MBC) ���� minimal fdungicidal 

concentration (MFC) #��	��B
 colorimetric microdilution &2�3�������#�
*�
@�B�C�����2��
��
	#


�
*��# ���������# CE ��� Fusarium sp. ES73 �����6	�2	��� S. aureus ���������	&��B�� (MIC 8 

�g/ml) ���������# BE ��� CH �������� Stephanonectria keithii ES172  -���3� MIC �3������ S.  

aureus  ATCC25923  8 �g/ml ������# BE ��� Aspergillus sp. ES4  �
@�B�C�����2��
��
	 

Escherichia coli  ATCC25922 
������ (MIC 32 �g/ml) �3��������#�
*�
@�B�C���� 

Pseudomonas  aeruginosa ATCC27853 �
��������#�
*�
@�B�C�*+� (MIC 200 �g/ml) �+����2@�B�C

������ &2�3�������# CE ��� Trichoderma sp. ES38, Trichoderma sp. ES8 ��� CH ��� 

Hypocreales sp. ES26 	�2	��� C. albicans -���3� MIC 1, 2 ��� 8 �g/ml ����+�#�2 �3�� CE ��� 

Fusarium sp. ES73, CH ��� ES-190, Penicillium citrinum ES43 ��� Hypocreales sp. ES26 	�2	��� 

C. neoformans -���3� MIC 1-4, 4, 8 ��� 8-16 �g/ml  ����+�#�2 ���������# CH ��� 

Hypocreales sp. ES26 	�������6	�2	�������� M. gypseum $#�#
��� -���3� MIC 2 �g/ml ����3� MFC 

16 �g/ml '0*�-�����
	���2	�����������Q�� miconazole �������
�������# CH ��� BE ��� 

Nigrospora sp. ES5 	�2	��� M. gypseum $#�#
������� (MIC/MFC 4/4 ��� 8/8 �g/ml ����+�#�2) 

�3��������# CE ��� Schizophyllum commune ES49 �
@�B�C
�������3������ Penicillium 

marneffei clinical isolate (MIC/MFC 16/64  �g/ml) �������
�	��$#��+�������# 115 ������# ���

������� 86 $�"'��� ���#��2@�B�C��������!������ &2�3�������# BE ��� ES109 ��#�@�B�C����

����!� DPPH -���#�2#
 (IC50  0.036 mg/ml) ������# BE ��� ES109 ��� Pleosporales sp. 

ES187 ��������!� OH• $#�-���#�2#
��� (IC50 0.62 ��� 0.69 mg/ml) '0*�-�����
	���2�3� IC50 /��

�������Q�� tannin (0.5 mg/ml) ���������# BE ��� Pleosporales sp. ES187 ��� ES200 ����

����!� superoxide anion -���#�2#
��� (IC50  0.22 ��� 0.32 mg/ml)  -�����
	���2�3� IC50 /�����

����Q�� trolox  (0.3 mg/ml) G����.0�1�-�������
���#�-����X��3� �����"#$%������,�������


�����������	����
�����3�/��������@�B�C����
�W�&�
*�3���-� 
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-������#������������
*G�����������������
	� $#��+�����	�������������������3�	���

�����$�3�
���#!�������� ���������#���&� ���.�
B������ ���W!��X� $#���������+���� 105 $�"'

��� ���*��+����#��2@�B�C	�2	����������
	�/����+���
�	�����������������# �
��+���
�	�������� 34 $�"'

��� (32.4%) �
*�
@�B�C-����	�2	����������
	�$#��	3�����	 1 ���# �������+����������#�	�2 315 

����
*�+����#��2@�B�C	�2	����������
	� &2�3��
������#�+���� 100 (31.7%), 108 (34.3%), 8 

(2.5%), 51 (16.2%), 130 (42.3%), 144(45.7%) ��� 42 (13.3%) ������# �
*�����6	�2	�������� S. 

aureus ATCC25923, Methicillin–resistant S. aureus (MRSA) SK1, Pseudomonas aeruginosa 

ATCC27853, Escherichia coli ATCC25922, C. albicans ATCC90028, C. neoformans  

ATCC90112 ��� M. gypseum SH-MU4 $#� "#	�
�3� MIC �3������#����3�� �	!3-��3�� 2-200, 8-200, 

2-200, 128-200, 0.25-200, 0.25-200 ��� 32-200 �g/ml ����+�#�2 ����
������#�+���� 2, 2 ��� 

1 ����
*�����6w3������ S. aureus (MBC 128 ��� 128 �g/ml), C. neoformans (MFC 32 ��� 128  

�g/ml) ��� C. albicans (MFC 128  �g/ml) $#�����+�#�2  

������.0�1����������6-����G���������@�B�C/���2��
��
	��������"#$%�� �
*

�	�$#����&����.�/�� 7 ���# ��� �����
	�/�� ������ ��� /3� /3�
(� 
�#����� ���$&� #��	���

�#��2���������6/���2��
��
	�+���� 11 $�"'��� ��������"#$%���+���� 133 $�"'��� 

-����	�2	����������,/��������� (Fusarium oxysporum) ����2��
��
	������"����
*	� (Ralstonia 

solanacearum) "#	��
�	�������2��
��
	���"#$%��-�������3��{ &2�3�������#�	�2/���2� 

�
��
	���"#$%�� ZB9 �
*��
�	�-� glucose yeast extract corn starch broth 	�2	����������,/�� F. 

oxysporum $#�#
�
*��# (/��#����G3�.!�	�������-� 15 ��.) -�/[��
*������#�	�2/�������"#

$%�� PDB141 ��� PDB152 �
*��
�	�-� potato dextrose galangal powder broth ��� PDB148 �
*��
�	�

-� potato dextrose broth 	�2	����������,/�� R. solanacearum $#�#
�
*��# (/��#����G3�.!�	�������

-� 16 ��.) �+����2�����#�����������
	����"#$%���
*�����$'�#�"�%��� �����������&����
�	���

���"#$%���+���� 37 $�"'��� 2�������/X� chrome azurol S ��3���*���#����������"#$%��2��

$�"'����
*-��G�2��"#	����,2���������#�
��������� halo zone �
�����������
��&!��2{ 

"�"��
 $
��
�	�-���������� MGs-1 ���������2��!3%)������/��$'�#�"�%���"#	��B
 Arnow 

assay ��� Ferric perchlorate assay &2�3������"#$%�� PDB141 �
*����� halo zone /��#��X���3�

�����$~#���'����$'�#�"�%��� 150.71 �g/ml '0*������3������"#$%�� PDB136 �
*����� halo 

zone /��#-�,3��3�����$~#���'����$'�#�"�%���$#��&
	� 3.33 �g/ml 

 

�
��
���
: �����"#$%�� ������ ��#�� �2��
��
	���"#$%�� &����������'
��
	 &��
(���	��� ���

&�� ����!# ���#����������	 ��������2��
��
	 �������������� �����������!������ ����	����

�+������  
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Abstract

The research project involved the investigation of antibacterial, antifungal and 

antioxidant substances from selected fungi, including endophytic fungi isolated from Garcinia 

and mangrove plants, sea fan-derived fungi and soil fungi, as well as selected plants.  In addition, 

the screening and identification of potential antimicrobial fungi or bacteria from seagrasses, algae, 

invertebrates and zingiberaceous plants were carried out.  

26 New and 47 known metabolites were obtained from five Garcinia- and four 

mangrove-derived endophytic fungi. (+)-Sclerotiorin, isolated from Penicillium sclerotiorum 

PSU-A13, showed good antifungal activity against Cryptococcus neoformans with a minimum 

inhibitory concentration (MIC) value of 32�g/ml. Microsphaeropsis arundinis PSU-G18 

produced 1-(2,5-dihydroxyphenyl)-2-buten-1-one which displayed radical scavenging potency 

with an IC50 value of 0.018 mg/ml as strong as the standard butylated hydroxyanisole and 

significant antifungal activity with the MIC values of 8, 32 and 32 �g/ml against Microsporum 

gypseum SH-MU-4, C. albicans and C. neoformans, respectively. 

Investigation of 10 sea-fan derived fungi resulted in the isolation of 31 new and 65 

known metabolites. Among them, Trichoderma aureoviride PSU-F95 gave 

coniothranthraquinone 1 and emodin which displayed strong antibacterial activity against 

methicillin-resistant Staphylococcus aureus with the MIC values of 8 and 4 �g/ml, respectively. 

Many anthraquinone and naphthoquinone derivatives were isolated as major constituents from 

Fusarium spp. PSU-F14 and PSU-F135. As compounds of these types displayed interesting 

cytotoxic activity, the isolated compounds from these fungi were tested for cytotoxic activity 

against Vero, human oral carcinoma and human breast cancer (MCF-7) cells. Austrocortirubin 

was selectively cytotoxic to MCF-7 cells with the IC50 value 6.3 �M and noncytotoxic to Vero 

cells. 

Six plants, including Garcinia prainiana, G. nervosa, Wedelia trilobata, Citrus hystrix, 

Bouea oppositifolia and Mangifera foetida, were chemically investigated. Morelloflavone from 

the leaves of G. prainiana, (+)-syringaresinol from the roots of C. hystrix, and, 4,2',4'-

tetrahydroxychalcone and  luteolin 7-methylether from the flowers of W. trilobata displayed 

higher radical scavenging potency than the standard butylated hydroxyanisole with the IC50 values 

of 72, 76, 62 and 37�M, respectively. 
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 A total of 210 endophytic fungal isolates were isolated from four species of seagrasses 

including Enhalus acoroides, Cymodocea rotundata, Halophila ovalis and Thalassia hemprichii 

collected from Makham Bay, Trang province. Fungal identification based on morphological and 

molecular characteristics revealed that these endophytic fnugi belonged to eight orders and 28 

genera. The most prominent genus was Cladosporium (20 isolates) followed by Penicillium (17 

isolates), Fusarium (11 isolates), Cochiliobolus, Nigrospora and Trichoderma (each of 9 

isolates). All isolates were grown in potato dextrose broth (PDB) and extracted with organic 

solvents to obtain crude ethyl acetae extracts from the culture broth (BE), crude ethyl acteate 

extracts from the mycelia (CE) and crude hexane extracts from the mycelia (CH). Six hundred 

and two extracts were obtained and tested against pathogenic microorganisms. MIC and minimal 

bactericidal concentration (MBC) or minimal fungicidal concentration (MFC) were determined 

by colorimetric microdilution. CE from Fusarium sp. ES73 showed the best antibacterial activity 

against S. aureus ATCC25923 and methicillin-resistant S. aureus (MIC 8 �g/ml) while BE and 

CH from Stephanonectria keithii ES172 inhibited S. aureus ATCC25923 with the MIC value of 8 

�g/ml. BE from Aspergillus sp. ES4  had moderate activity against Escherichia coli  ATCC25922 

(MIC 32 �g/ml). Extracts that had anti-Pseudomonas aeruginosa ATCC27853 showed low 

activity with the MIC value of 200 �g/ml.  For antifunal activity it was found that CE from 

Trichoderma sp. ES38, Trichoderma sp. ES8 and CH from Hypocreales sp. ES26 inhibited C. 

albicans with MIC values of 1, 2 and 8 �g/ml, respectively, followed by CE from Fusarium sp. 

ES73, CH from ES-190, Penicillium citrinum ES43 and Hypocreales sp. ES26 against C. 

neoformans (MIC 1-4, 4, 8 and 8-16 �g/ml, respectively). CH from Hypocreales sp. ES26 

showed the best activity against M. gypseum with MIC 2 �g/ml and MFC 16 �g/ml, which were 

comparable to antifungal drug miconazole. CH and BE from Nigrospora sp. ES5 were also active 

against M. gypseum (MIC/MFC 4/4 and 8/8 �g/m, respectively). CE from Schizophyllum 

commune ES49 showed moderate activity against Penicillium marneffei clinical isolate 

(MIC/MFC 16/64 �g/ml). In addition, 115 extrtacts from 86 endophytic fungal isolates were 

tested for their antioxidant activity. BE from ES109 showed good antioxidant activity in the 

DPPH test (IC50 0.036 mg/ml) while BE from ES109 and Pleosporales sp. ES187 showed very 

good activity against OH• (IC50 0.62 and 0.69 mg/ml) which were similar to the IC50 value of 

standard tannin (0.5 mg/ml) and BE from Pleosporales sp. ES187 and ES200 aganst superoxide 

anion (IC50 0.22 and 0.32 mg/ml) as compared to the IC50 value of standard trolox (0.3 mg/ml). 
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Results from this study indicated that endophytic fungi from seagrasses are divers and could be a 

good source of bioactive natural products. 

To screen for marine fungi with antimicrobial substances, 105 fungal isolates were 

isolated from algae and invertebrates from Chumphon, Nakhon Si Thammarat, and Phuket 

provinces.   Fermentation broths were tested for antimicrobial activity by agar diffusion method. 

The results revealed that of the fermentation broths from a total of 105 isolates, 34 isolates 

(32.4%) showed antimicrobial activities against at least one test organism. From 315 crude 

extracts, 100 (31.7%), 108 (34.3%), 8 (2.5%), 51 (16.2%), 130 (42.3%), 144 (45.7%) and  42 

(13.3%) extracts possessed inhibitory activities against S. aureus ATCC25923, Methicillin–

resistant S. aureus (MRSA) SK1, Pseudomonas aeruginosa ATCC27853, Escherichia coli 

ATCC25922, C. albicans ATCC90028, C. neoformans  ATCC90112 and  M. gypseum SH-MU4 

with the MIC values in the range of 2-200, 8-200, 2-200, 128-200, 0.25-200, 0.25-200 and 32-200 

�g/ml, respectively. Two, two and one crude extracts from marine fungi inhibited the growth of 

S. aureus (MBC 128 and 128 �g/ml), C. neoformans (MFC 32 and 128 �g/ml) and C. albicans 

(MFC 128 �g/ml), respectively. 

Bacterial and fungal endophytes were isolated from seven zingiberaceous species Alpinia 

galanga, A. malaccensis, Amomum siamense, Curcuma parviflora, Etlingera litteralis, Zingiber 

cassumunar and Z. zerumbet. The efficiency of 144 representative strains (11 bacteria and 133 

fungi) in inhibiting the in vitro growth of Fusarium oxysporum and Ralstonia solanacearum was 

investigated. Endophytic fungi and bacteria were grown in five fermentation media. An agar well 

diffusion assay method was used to check the activity of resulting crude extracts. Growth of F. 

oxysporum was most strongly inhibited (15 mm inhibition zone diameter) by crude extract of ZB9 

cultured in glucose yeast extract corn starch broth, while growth of R. solanacearum was most 

strongly inhibited (16 mm inhibition zone diameter) by crude extracts of PDB141 and PDB152 

cultured in potato dextrose galangal powder broth and PDB148 cultured in potato dextrose broth. 

In screening of siderophore production, 37 fungal strains were grown on chrome azurol S (CAS 

agar). Twenty five strains grew on CAS agar with yellow or pink halo forming around the 

colonies. From this result some selected strains were then grown in MGs-1 broth to estimate 

catechol-type siderophores and hydroxamate siderophores by Arnow and Ferric perchlorate 

assays. A smaller halo zone producing strain PDB141 (150.71��g/ml) produced higher 

hydroxamate siderophore than PDB136 (3.33�g/ml). 

 



 7 
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Executive Summary 
 

 �������	�
��23�����
�� 3 �3�� #���
�  

������� 1 ������������������������� ��������	�� !�"����	��#$�	���"������	�%�&'�����

(����������)�����!�"(��*+������� ���"��������*,-�� !�"����� 

�[�G!�����	$#��+����.0�1������"#$%�����&��-����� Garcinia 5 ���# �����6�	������

"#$%���
*�
.��	W�&-���������������
	�$#����	���#�����������!������ �������
�$#��	����
*�


���1[�"�"��
�
*����3��������	$�"'���������
)��� (Annella sp.) ���&2�3���+���
�	������/��

�����3��
��+������0*���#�@�B�C�����2��
��
	 (Staphylococcus aureus, SA ���� methicillin-

resistant S. aureus, MRSA)  ����������� (Microsporum gypseum, MG) �����������!������-�

��#�2�
*�3���-� #�������0�$#��+��������	�&�*��	�������@�B�C����
�W�&�
*�
�����-��3�������'0*�

�
�����	���"��������������������"#$%�����&����������'
��
	���&��
(���	��� ������ ���

��#�� ���
G����.0�1�-��������� 1 

������.0�1�����������"#$%���+���� 9 $�"'��� �����6�	����-��3�������
*�
���

��	���"�������������+���� 26 ��� 47 ��� ����+�#�2 "#	&2�3� (+)-sclerotiorin �
*�	�$#���� 

Penicillium sclerotiorum PSU-A13 ��#�@�B�C����������� Cryptococcus neoformans -���#�2#


#��	�3� MIC 32 �g/ml �������
� 1-(2,5-dihydroxyphenyl)-2-buten-1-one �
*G���"#	 

Microsphaeropsis arundinis PSU-G18 ��#�@�B�C��������!�������3� DPPH� #��	�3� IC50 0.018 

mg/ml -���#�2�#
	���2�������Q�� butylated hydroxyanisole 	�2	����������,���2"�/�� 

Microsporum gypseum SH-MU-4 -���#�2#
��� (MIC 8 �g/ml) �����#�@�B�C����������� C. 

albicans ��� C. neoformans -���#�2#
��3���� (MIC 32 �g/ml)   

���*��	�������#�	�2�
*$#�����������+���� 10 $�"'��� #��	��B
���"����"����%R$#�

���-��3�������
*�
�����	���"�������������+���� 31 ��� 65 ��� ����+�#�2 ���*�������2

@�B�C�����2��
��
	 Staphylococcus aureus �
*#����3�	���B�'����� (methicillin-resistant S. aureus) 

/������
*�	�$#� &2�3� coniothranthraquinone 1 ��� emodin �
*�	�$#���� Trichoderma 

aureoviride PSU-F95 ��#�@�B�C-���#�2#
���#��	�3� MIC 8 ��� 4 �g/ml ����+�#�2 �������
�

	��&2�3� Fusarium spp. PSU-F14 ��� PSU-F135 G����������
���W����������"�������&

"����"�� ����+�#�2 '0*����
���W����3��
���#������
��&�1�3��'���-���#�2�
*�3���-� ���*��+�

����
*�	�$#�$
�#��2�����
��&�1�3��'�������X��3��
�� ����X������� ����'���
��� (Vero 

cells) &2�3� austrocortirubin ��#������
��&�1�3��'�������X���������3�����#��	�3� IC50 1.80 

�g/ml '0*�-�����
	���2���������� doxorubicine (IC50 1.27 �g/ml) ���$�3��#������
��&�1�3�

�'���
��� 
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������� 2 ������������������������� ��������	�� !�"����	��#$�	���"���(�����������	� 
 

�[�G!�����		��$#��	����G���W�[��B����������&���
*��#����������+���� 6 ���# 

��	����
	##����#�-��������� 2 
 

Table 2 Natural products from selected plants 

Number of isolated 

compounds Plant 
Investigated 

part 
new known 

Biological 

activity 
output 

Garcinia prainiana Leaves 1 6 -Antioxidant 

activity 

Can. J. Chem., 

2011, 89, 461-464. 

Twigs 0 10 Garcinia nervosa 

Stem bark 0 9 

* Abstract 

Wedelia trilobata Flowers 1 7 -Antioxidant 

activity 

Manuscript 

Citrus hystrix Roots 7 32 -Antioxidant 

activity 

-Anti-HIV 

activity 

-Antibacterial 

activity 

Manuscript 

Bouea oppositifolia Leaves 0 2 * Report 

Mangifera foetida Twigs ** 5 (3)** * Report 

* not tested, ** 5 known and 3 unidentified compounds 
 

����
*�	����-2���&�� (Garcinia prainiana) �������!# (Citrus hystrix) ���#�����#��

��������	 (Wedelia trilobata) �
������������	
���W� �
*��#�@�B�C��������!������-���#�2�
*

#
��3��������Q�� $#���3 morelloflavone ���-2���&�� (+)-syringaresinol ����������!# ��� 

3,4,2',4'-tetrahydroxychalcone ���  luteolin 7-methyl ether ���#�����#����������	 �
*��#��3� 

IC50 72, 76, 62 ��� 37�M ����+�#�2 
 

������� 3 ���!��!�"�
�!�����	�%�&'������
���"�� ���"�� ��#���-�����������	�%�

&'�����(��/��-4�5�- 

 �+�����	�����������"#$%������,������ 4 ���# $#���3 Enhalus acoroides, Cymodocea 

rotundata, Halophila ovalis ��� Thalassia hemprichii ��X2���2����[�3����/�� ������#���� $#�
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������# 210 $�"'���  ��#�+����"#	��.�	���1[������[Q�����	������B
����
�"������ ��#�23�

$#� 8 Order 28 Genus �
����-� Genus Cladosporium ����
*��# 20 $�"'��� ������� ��� 

Penicillium (17 $�"'���), Fusarium (11 $�"'���), Cochliobolus, Nigrospora ��� 

Trichoderma �	3���� 9 $�"'��� �+��������������#$
�&����
�	�-������ potato dextrose broth 

(PDB) �����+�$
���##��	��B
������
$#��3�����#�	�2 3 �3�� $#���3 �3�����#�	�2 ethyl acetate 

�����+���
�	�������� (BE), �3�����#�	�2 hexane ����3������-	�� (CH) ����3�����#�	�2 ethyl 

acetate ����3������-	�� (CE) $#�������#������# 602 ��� �+�$
�#��2@�B�C�����������
	��3�

"�� ������3� MIC ��� minimal bactericidal concentration (MBC) ���� minimal fdungicidal 

concentration (MFC) #��	��B
 colorimetric microdilution &2�3�������#�
*�
@�B�C�����2��
��
	#


�
*��# ���������# CE ��� Fusarium sp. ES73 �����6	�2	��� S. aureus ���������	&��B�� (MIC 8 

�g/ml) ���������# BE ��� CH �������� Stephanonectria keithii ES172  -���3� MIC �3������ S.  

aureus  ATCC25923  8 �g/ml ������# BE ��� Aspergillus sp. ES4  �
@�B�C�����2��
��
	 

Escherichia coli  ATCC25922 
������ (MIC 32 �g/ml) �3��������#�
*�
@�B�C���� 

Pseudomonas  aeruginosa ATCC27853 �
��������#�
*�
@�B�C�*+� (MIC 200 �g/ml) �+����2@�B�C

������ &2�3�������# CE ��� Trichoderma sp. ES38, Trichoderma sp. ES8 ��� CH ��� 

Hypocreales sp. ES26 	�2	��� C. albicans -���3� MIC 1, 2 ��� 8 �g/ml ����+�#�2 �3�� CE ��� 

Fusarium sp. ES73, CH ��� ES-190, Penicillium citrinum ES43 ��� Hypocreales sp. ES26 	�2	��� 

C. neoformans -���3� MIC 1-4, 4, 8 ��� 8-16 �g/ml  ����+�#�2 ���������# CH ��� 

Hypocreales sp. ES26 	�������6	�2	�������� M. gypseum $#�#
��� -���3� MIC 2 �g/ml ����3� MFC 

16 �g/ml '0*�-�����
	���2	�����������Q�� miconazole �������
�������# CH ��� BE ��� 

Nigrospora sp. ES5 	�2	��� M. gypseum $#�#
������� (MIC/MFC 4/4 ��� 8/8 �g/ml ����+�#�2) 

�3��������# CE ��� Schizophyllum commune ES49 �
@�B�C
�������3������ Penicillium 

marneffei clinical isolate (MIC/MFC 16/64  �g/ml) �������
�	��$#��+�������# 115 ������# ���

������� 86 $�"'��� ���#��2@�B�C��������!������ &2�3�������# BE ��� ES109 ��#�@�B�C����

����!� DPPH -���#�2#
 (IC50  0.036 mg/ml) ������# BE ��� ES109 ��� Pleosporales sp. 

ES187 ��������!� OH• $#�-���#�2#
��� (IC50 0.62 ��� 0.69 mg/ml) '0*�-�����
	���2�3� IC50 /��

�������Q�� tannin (0.5 mg/ml) ���������# BE ��� Pleosporales sp. ES187 ��� ES200 ����

����!� superoxide anion -���#�2#
��� (IC50  0.22 ��� 0.32 mg/ml)  -�����
	���2�3� IC50 /�����

����Q�� trolox  (0.3 mg/ml)  

 -������#������������
*G�����������������
	� $#��+�����	�������������������3�	���

�����$�3�
���#!�������� ���������#���&� ���.�
B������ ���W!��X� -�����3���#���������-

������� 2553 $#���������+���� 105 $�"'��� ���*��+����#��2@�B�C	�2	����������
	�/����+���
�	�
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�����#��	��B
 agar diffusion &2�3������+���
�	���������+���� 105 $�"'��� �
��+���
�	�������� 34 $�"'

��� (32.4%) �
*�
@�B�C-����	�2	����������
	�$#��	3�����	 1 ���# �������+����������#�	�2 315 

����
*�+����#��2@�B�C	�2	����������
	� &2�3� �
������#�+���� 100 (31.7%), 108 (34.3%), 8 

(2.5%), 51 (16.2%), 130 (42.3%), 144(45.7%) ��� 42 (13.3%) ������#�
*�����6	�2	�������� S. 

aureus ATCC25923, Methicillin–resistant S. aureus (MRSA) SK1, Pseudomonas aeruginosa 

ATCC27853, Escherichia coli ATCC25922, C. albicans ATCC90028, C. neoformans  

ATCC90112 ��� M. gypseum SH-MU4 $#� "#	�
�3� MIC �3������#����3�� �	!3-��3�� 2-200, 8-200, 

2-200, 128-200, 0.25-200, 0.25-200 ��� 32-200 �g/ml ����+�#�2 ����
������#�+���� 2, 2 ��� 

1 ����
*�����6w3������ S. aureus (MBC 128 ��� 128 �g/ml),  C. neoformans (MFC 32 ��� 128  

�g/ml) ��� C. albicans (MFC 128  �g/ml) $#�����+�#�2 G����.0�1�	��&2�3� ������� 

Talaromyces trachyspermus �
*�	�$#��������3�	�
��+���� Sargassum sp. �����������������
*

�����6	�2	����������
	�$#� 4 ���#���� 	��-���!
�22 1H NMR ��
������
*�3���-� G!�����	�0����+�

����	����-��2�����B�C���.0�1�@�B�C�����������
	�/����3������3�$
�����  

$#�.0�1����������6-����G���������@�B�C/���2��
��
	��������"#$%�� �
*�	�$#�

���&����.�/�� 7 ���# ��� �����
	�/�� ������ ��� /3� /3�
(� 
�#����� ���$&� #��	����#��2

���������6/���2��
��
	�+���� 11 $�"'��� ��������"#$%���+���� 133 $�"'��� -����

	�2	����������,/��������� (Fusarium oxysporum) ����2��
��
	������"����
*	� (Ralstonia 

solanacearum) "#	��
�	������"#$%��-������ 5 ���# ����2��
��
	���"#$%��-������ 3 ���# 

���*��#��2������#�	�2/���������
	����"#$%��#����3��#��	��B
 agar well diffusion assay &2�3�

������#�	�2/���2��
��
	���"#$%�� ZB9 �
*��
�	�-� glucose yeast extract corn starch broth 

	�2	����������,/�� F. oxysporum $#�#
�
*��# (/��#����G3�.!�	�������-� 15 ��.) -�/[��
*���

���#�	�2/�������"#$%�� PDB141 ��� PDB152 �
*��
�	�-� potato dextrose galangal powder 

broth ��� PDB148 �
*��
�	�-� potato dextrose broth 	�2	����������,/�� R. solanacearum $#�#
�
*��# 

(/��#����G3�.!�	�������-� 16 ��.) �+����2�����#�����������
	����"#$%���
*�����$'�#�"�%��� 

�����������&����
�	������"#$%���+���� 37 $�"'��� 2�������/X� chrome azurol S &2�3���

���"#$%���+���� 25 $�"'��� �
*-��G�2��"#	����,2���������#�
��������� halo zone �


�����������
��&!��2{ "�"��
 ��3���*���#�����2��$�"'���$
��
�	�-���������� MGs-1 ���

������2��!3%)������/��$'�#�"�%���"#	��B
 Arnow assay ��� Ferric perchlorate assay &2�3���

���"#$%�� PDB141 �
*����� halo zone /��#��X���3� �����$~#���'����$'�#�"�%��� 150.71 

�g/ml '0*������3������"#$%�� PDB136 �
*����� halo zone /��#-�,3��3�����$~#���'����$'

�#�"�%���$#��&
	� 3.33 �g/ml 



 14 

 G����.0�1��
���#�-����X��3� �����"#$%������,������ ����������� ����������
	����

"#$%���
�����������	����
�����3�/��������@�B�C����
�W�&�
*�3���-� 

 
 
 

 



O

O

HO

Me
Me

OMe

O

O Me

HO

OH

O

OH

Me

O

O
O

H3C
O

OR1

Me
R2Me

R3

1:  R1 =  �-H, R2 = CH2OH, R3 = Me
2:  R1 =  �-H, R2 = COMe, R3 = H
3:  R1 = �-H, R2 = CH2OH, R3 = Me 4

5 6

O
O

Me Me Me

7

����	��-������� 
 

 �������	�
��23�����
�� 3 �3�� #���
�  

������� 1 ������������������������� ��������	�� !�"����	��#$�	���"������	�%�

&'�����(����������)�����!�"(��*+������� ���"��������*,-�� !�"����� 

$#��+����.0�1�����������"#$%���+���� 9 $�"'��� �����6�	����-��3�������
*�
���

��	���"�������������+���� 26 ��� 47 ��� ����+�#�2 ���$#����-��3�������
*�
�����	���

"�������������+���� 31 ��� 65 ��� ����+�#�2 ����������+���� 10 $�"'��� �������
�$#�

���*�.0�1�������@�B�C����
�W�&�����#���
�#��	 G����.0�1�"#	����/
#���
� 
 

�#���	&���������	�%�&'�� Botryosphaeria rhodina PSU-M35 !�" PSU-M114  

 �����6�	����-��3�+���� 7 ��� (1-7) �������
*�
��	���"���������+���� 12 ���

���������� Botryosphaeria rhodina PSU-M35 ��� PSU-M114 �������
�$#��#��2@�B�C����

�2��
��
	 SA ��� MRSA /������2�$����
*�	� 

 

 

 

 

 

 

 

 

  

 
 

V. Rukachaisirikul*, J. Arunpanichlert, Y. Sukpondma, S. Phongpaichit, and J. Sakayaroj, 2009. 

Metabolites from the Endophytic Fungi Botryosphaeria rhodina PSU-M35 and PSU-M114, 

Tetrahedron, 65 (51), 10590-10595. 
 

�#���	&���������	�%�&'�� Diaporthaceous fungus PSU-H2 (PSU-G2)

 �����6�	����-��3'0*��
�����&��B�/�� cyclohexenone �+���� 1 ��� (8) �������
*�


��	���"���������+���� 6 ��� $#���3 dothiorelone A (9), dothiorelone C (10), 2,3-dihydromyco-
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Me

Me

Me
Me

9: R1 =Me, R2 = OH
10: R1 =CH2OH, R2 = H

Me

11:  R1  = R2 = H, R3 = OAc
12:  R1 = R2 = double bond, R3 = OAc
13:  R1 = R2 = double bond, R3 = OH

8

14

15

O

O

Me

Me

O
O

OR4
R3

R2
R1

18 : R1 = CHO, R2 = OMe, R3 = Me, R4 = OH
19 : R1 = CH2OMe, R2 = OH, R3 = Me, R4 = OMe
20 : R1 = CH2OCH2Me, R2 = OH, R3 = Me, R4 = OMe

OCH2Me

epoxydiene (11), (+)-mycoepoxydiene (12), deacetylmycoepoxydiene (13) ��� tyrosol (14) 

�������
�$#��#��2@�B�C�����
��&�1�3��'�������X�������/������2�$����
*�	�  

 

 

 

  

 

 

 

 

 
 

 

 

 

 

U. Sommart, V. Rukachaisirikul*, Y. Sukpondma, S. Phongpaichit, N. Hutadilok Towatana, P. 

Graidist, Z. Hajiwangoh, and J. Sakayaroj, 2009. A Cyclohexenone Derivative from Diaporthaceous 

Fungus PSU-H2, Arch. Pharm. Res., 32 (9), 1227-1231. 
 

�#���	&���������	�%�&'�� Microsphaeropsis  arundinis PSU-G18 

�����6�	����-��3�+���� 8 ��� "#	��#�
�����&��B� modiolin ��� phthalide �	3���� 1 

(15) ��� 8 (16-22) ��� ����+�#�2 &��������
*�
�����	���"�������������+���� 12 ��� $#���3 

4-hydroxybenzoic acid, modiolin (23), deoxycyclopaldic acid (24), 5,7-dihydroxy-4,6-dimethyl-

1(3H)-isobenzofuranone (25), 5-hydroxy-7-methoxy-4-(methoxymethyl)-6-methylisobenzofuran-

1(3H)-one (26), 5-hydroxy-7-methoxy-4,6-dimethylphthalide (27), 7-methoxy-3,4,5,6-

tetramethylphthalide (28), sclerin (29), 6-hydroxy-2-methyl-4-chromanone (30), modiolide B 

(31), sclerotinin A (32), and 1-(2,5-dihydroxyphenyl)-2-buten-1-one (33) ���$#��#��2@�B�C����

�2��
��
	 ����������� ���@�B�C��������!������  
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O

OR4
R3

R2
R1

16 : R1 = CH2OCH2Me, R2 = OH, R3 = Me, R4 = OMe
17:  R1 = CHO, R2 = OMe, R3 = Me, R4  = OH
24 : R1 = CHO, R2 = OH, R3 = Me, R4 = OMe
25 : R1 = R3 = Me, R2 = R4 = OH
26 : R1 = CH2OMe, R2 = OH, R3 = Me, R4 = OMe
27 : R1 = R3 = Me, R2 = OH, R4 = OMe

O

OOMe
Me

OMe

O

OH O

R3Me
R4

Me

29 : R1 + R2 = O, R3 = R4 = Me
32 : R1 = R3 = Me, R2 = R4 = OH

R1
R2

HO

O

O

Me
30

O
O

Me

HO

31
33

O

OOMe
Me

HO
OMe

OMe
21

22

O

OMe
Me

O

OOMe
Me

Me
Me Me

28

CO2CH2Me OH

Me

23

OHHO

CH3O

O

Me
MeR1 Me

R2
Me

O

R5R3R4 R6

R7
R8

O

OH

MeO

O

O

OMe

34: R1 = R4 = R5 = R6 = H, R2 = R3 = OH, R7+R8 = 

35: R1 = R4 = R5 = R6 = H, R2 = R3 = R7 = R8 = OH
38: R1 = R4 = R5 = R6 = H, R2 = R3 = OH, R7+R8 = double bond
39: R1 = Cl, R2 = OAc, R3+R4 = O, R5+R6 = R7+R8 = double bond

O O

Me Me

36

37
HO

Me

O

 

 

 

 

 

 

 

 

 

 

 
 

U. Sommart, V. Rukachaisirikul,* K. Tadpetch, Y. Sukpondma, S. Phongpaichit, N. Hutadilok-

Towatana and J. Sakayaroj, Modiolin and Phthalide Derivatives from the Endophytic Fungus 

Microsphaeropsis arundinis PSU-G18, submitted manuscript. 
 

�#���	&���������	�%�&'�� Penicillium sclerotiorum PSU-A13 

 �����6�	����-��3$#��+���� 3 ���'0*��
�����&��B�/�� azaphilone �+���� 2 ��� (34-

35) ������&��B�/�� pyrone �+���� 1 ��� (36) &��������
*�
��	���"���������+���� 6 ��� 

$#���3 4-hydroxyacetophenone (37), dechloroisochromophilone III (38), (+)-sclerotiorin (39), 2,4-

dihydroxy-6-(5�,7�S-dimethyl-2�-oxo-trans-3�-trans-5�-nonadienyl)-3-methylbenzaldehyde (40), 

(+)-(2E,4E,-6S)-4,6-dimethylocta-2,4-dienoic acid (41) ��� (5S,6R)-5,6-dihydro-3,5,6-

trimethylpyran-2-one (42) ���$#��#��2@�B�C�����������
	������������� HIV 1 
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O

O
OMeO

HO
Me

Me

H2C

OH

HO

46

O O

Me
Me

OMe

R

O O

O MeHO

O MeOMe

R3

R2 R1

44: R1 = R3 =�H, R2 = OH
45: R1 = R2 =�H, R3 = Me

OH

43

O

HO

O
O

OH

CH3 O

O

Me O

OH
OH

O

OH

Me O

OH
OH

OH

47 4948

Me

HO

OH

O

Me
Me

Me

H

O

Me OH
MeMe

O

O
Me

Me
Me

O

40

41
42

 

 

 

J. Arunpanichlert, V. Rukachaisirikul*, Y. Sukpondma, S. Phongpaichit, S. Tewtrakul, N. 

Rungjindamai, and J. Sakayaroj, 2010. Azaphilone and Isocoumarin Derivatives from the 

Endophytic Fungus Penicillium sclerotiorum PSU-A13, Chem. Pharm. Bulletin., 58 (8), 1033-

1036.  
 

�#���	&���������	�%�&'�� Pestalotiopsis sp. PSU-MA92 

�����6�	����-��3$#��+���� 3 ���'0*��
�����&��B�/�� pyrone (43-45) &��������
*�


��	���"���������+���� 1 ��� $#���3 2�-hydroxy-3�,4�-didehydropenicillide (46) ���$#��#��2

@�B�C�����������
	� 

 

 

 

 
 

V. Rukachaisirikul,* A. Rodglin, S. Phongpaichit, J. Buatong,  J. Sakayaroj, �-Pyrone and 

Seiricuprolide Derivatives from the Mangrove-derived Fungi Pestalotiopsis spp. PSU-MA92 and 

PSU-MA119, Phytochem. Lett. (2011), doi:10.1016/j.phytol.2011.08.008. 
 

�#���	&���������	�%�&'�� Pestalotiopsis sp. PSU-MA119 

�����6�	����-��3$#��+���� 2 ��� (47-48) �������
*�
�����	���"������������

�+���� 1 ��� $#���3 seiricuprolide (49) ���-��3 47 �	�$#�-��!
���&��B���'
��� ���$#��#��2

@�B�C�����������
	� 

 

 

 

 
 

V. Rukachaisirikul,* A. Rodglin, S. Phongpaichit, J. Buatong,  J. Sakayaroj, �-Pyrone and 

Seiricuprolide Derivatives from the Mangrove-derived Fungi Pestalotiopsis spp. PSU-MA92 and 

PSU-MA119, Phytochem. Lett. (2011), doi:10.1016/j.phytol.2011.08.008. 
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50 51

OH
O

Me
H2C

HO

O

R1

Me

O

R2

52

54: R1 = OMe, R2 = H
55: R1 = OH, R2 = CO2Me
57: R1 = OH, R2 = CO2H

Me

Me OH
O

O

Me
HN

Me
H

OH

O O

CH2

56

53

O

OMe

HO

OH

OMe
58

HO

H

Me OH

Me Me
OH

OH

�#���	&���������	�%�&'�� Sporothrix sp. PSU-STD57 

�����6�	����2�����B�C����3�����#�	�2��+���
�	������$#� 5 ��� ���������"������������ 

3 ��� ��� 8-methoxy-1-naphthol (50), isosclerone (51) ��� tyrosol (14) �������
��	!3-�����3��

���������"������������+���� 2 ��� .0�1��3��	3�	�3��{ �
*������	!3 �����#+��������.0�1��3��

���#�	�2�'�����������3�$
-�"����������	��	��
* 2 (����"�	���/����-����������� 34) 

 

 

 

 
 

�#���	&���������	�%�&'��  Xylaria sp. PSU-STD70  

������.0�1������"#$%���
� �����6�	����-��3$#� 2 ��� ��� ���&��B� tyrosol (52) ���

���&��B� sesquiterpene (53) �+�����	3���� 1 ��� �������
*�
�����	���"������������ 6 ��� 

(R)-(-)-mellein methyl ether (54), 5-methoxycarbonylmellein (55), cytochalasin D (56), tyrosol 

(14), (R)-(-)-5-carboxymellein (57) ��� 1,6-dihydroxy-3-methoxy-8-methylxanthone (58) ���$#�

�#��2@�B�C�����������
	� 

 

 

 

 

 
 

 
 

 

W. Pongcharoen,* V. Rukachaisirikul,  S. Phongpaichit and J. Sakayaroj, Fungal Metabolites 

from the Endophytic Fungus Xylaria sp. PSU-STD70, manuscript. 
 

�#���	&���������"�� Aspergillus sp. PSU-F154 

 �����6�	����-��3$#��+���� 5 ��� (59-63) �������
*�
�����	���"������������

�+���� 10 �������3�����#�	�2��+���
�	������ $#���3 (+)-(7S)-sydonic acid (64), (7R,8R)-AGI-B4 

(65), (7R,8S)-�-diversonolic ester (66), methyl 8-hydroxy-6-methyl-9-oxo-9H-xanthene-1-
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OH
HO

Me

Me

Me

O

Me

Me

Me
HO

Me

ORMeMe

O

OHO
HO

R1

R2
R3 R4

O

OHO

R3

R1

HN
NH

O

O

O

OH

MeO O
O

MeO

OH

O
61: R = Me
64: R = H

62: R1 = �-H, R2 + R3 = double bond, R4 = H
63: R1 = �-OH, R2 = R3 = H, R4 = OH
65: R1 = �-H, R2 + R3 = double bond, R4 = OH
66: R1 = �-OH, R2 = R3 = R4 = H

67: R1 = R2 = R3 = H
68: R1 = R2 = H, R3 = OH
69: R1 = OH, R2 = R3 = H
70: R1 = R3 = OH, R2 = H
71: R1 = R3 = H, R2 = OH

59 60

N
H

72

R2

O

O

Me

OH

OH

OH

Me OH
Me

OH

O

HOO

O

OH

Me
R1

R2

73 74: R1 = R2 = OH
76: R1 = H, R2 = OH
77: R1 = R2 = H

75

O

O

O

Me

O
O

O Me

OH
78 79

carboxylate (67), sydowinins A (68) ��� B (69), pinselin (70), methyl 1,6-dihydroxy-3-methyl-9-

oxo-9H-xanthene-1-carboxylate (71), (11S,14S)-cyclo-(L-try-L-phe) (72) ��� orcinol  �������
�

$#��#��2@�B�C��������!������/������
*�	�$#� 

 

 

 

 
 

K. Trisuwan, V. Rukachaisirikul,* M. Keawpet, S. Phongpaichit, N. Hutadilok-Towatana,� S. 

Preedanon and J. Sakayaroj, Sesquiterpene and Xanthone Derivatives from the Sea Fan–Derived 

Fungus Aspergillus sydowii PSU-F154, J. Nat. Prod., 2011, 74, 1663-1667. 
 

�#���	&���������"�� Curvularia sp. PSU-F22 

 �����6�	����-��3�+���� 3 ��� (73-75) �������
*�
�����	���"�������������+���� 

6 ��� $#���3 modiolide A (76) modiolide B (77), pyrenolide A (78), stagonolide E (79), 

mycoepoxydiene (12), ��� deacetylmycoepoxydiene (13) �������
�$#��#��2@�B�C�����������
	�

/������
*�	�$#� 

 

 

 

 

 

 

 

 
 

K. Trisuwan, V. Rukachaisirikul*, S. Phongpaichit, S. Preedanon, and J. Sakayaroj, Modiolide 

and Pyrone Derivatives from the Sea Fan-Derived Fungus Curvularia sp. PSU-F22, Arch. Pharm. 

Res., 2011, 34 (5), 709-714. 
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OH
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OH O
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Me
H

OH

OH
R3

R1R2

80: R1 = OH, R2 = R3 = H
81: R1 = R3 = H, R2 = OH
82: R1 = H, R2 = R3 = OH
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O

OOH

MeO
OH

Me

O
MeO

O R2

Me
OH
OH

R1

R3

83: R1 = OH, R2 = R3 = H
84: R1 = R3 = H, R2 = OH
85: R1 = R2 = R3 = OH

86

O

O

Me

OH

Me

HO

O

N

NH

O

O

HO OH

HO
O

MeMe
HO

Me

Me
O

87 88 89

�#���	&���������"�� Fusarium sp. PSU-F14 

 �����6�	����-��3�+���� 1 ��� (80) �������
*�
��	���"���������+���� 7 ��� 

$#���3(2S,3R,4aS,9R,9aS)-9-hydroxydihydrodesoxybostrycin (81), 9�-hydroxyhalorosellinia A 

(82), nigrosporin A (83), bostrycin (85), austrocortirubin (86), (+)-dehydrovomifoliol (87), 2-

(2�,S-hydroxypropyl)-5-methyl-7-hydroxychromone (88) ����3�����#�	�2��+���
�	�������� 

Fusarium sp. PSU-F14 �������
�	���	�����
*�
��	���"���������&�*������
��+���� 2 ��� ��� 

nigrosporin B (84) ��� uridine (89) ����3�����#�	�2����'���  ���#��$#��+�����#��2@�B�C

�����2��
��
	 ����������
	 ������["�� ��������
��&�1�3��'���/������2�$����
*�	�$#� 
 

 

 

 

 

 

 

 
 

 
 

 
 

K. Trisuwan, N. Khamthong, V. Rukachaisirikul*, S. Phongpaichit, S. Preedanon, and J. 

Sakayaroj, 2010. Anthraquinone, Cyclopentanone and Naphthoquinone Derivatives from the Sea 

Fan-Derived Fungi Fusarium spp. PSU-F14 and PSU-F135, J. Nat. Prod., 73 (9), 1507-1511. 
 

�#���	&���������"�� Fusarium sp. PSU-F135 

�����6�	����-��3�+���� 4 ��� (90-93) �������
*�
�����	���"�������������+���� 

9 ��� $#���3 aspergillol B (94), (+)-solaninol (95), 2,3-dihydro-5-hydroxy-8-methoxy-2,4-

dimethylnaphtho[1,2-b]furan-6,9-dione (96), 5-hydroxy-8-methoxy-2,4-dimethylnaphtho[1,2-

b]furan-6,9-dione (97), javanicin (98), fusarubin (99), methyl ether fusarubin (100), 

anhydrofusarubin (101) ��� tyrosol (14) ���$#��+�����#��2@�B�C�����2��
��
	 ����������
	 

������["�� ��������
��&�1�3��'���/������2�$����
*�	�$#� 
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101: R1 + R2 = double bond

Me

O
Me

OH

OH

O

O

O

O

MeO
OH

OH
92

Me OH

OOH

OH
MeO Me

O

OH

OH

90
O

OH
MeO

O

Me
OH

Me

91

Me

Me
OH

OR1

R4

R2

R3

102 : R1 = R3 = H, R2 = R4 = OH, R5 = �-H
103 : R1 = R4 = OH, R2 = R3 = H, R5 = �-H
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K. Trisuwan, N. Khamthong, V. Rukachaisirikul*, S. Phongpaichit, S. Preedanon, and J. 

Sakayaroj, 2010. Anthraquinone, Cyclopentanone and Naphthoquinone Derivatives from the Sea 

Fan-Derived Fungi Fusarium spp. PSU-F14 and PSU-F135, J. Nat. Prod., 73 (9), 1507-1511. 
 

�#���	&���������"�� Nigrospora sp. PSU-F11 !�" PSU-F12 

 �����6�	����-��3$#��+���� 2 ��� (102-103) &����#��	����
*�
�����	���"��������

�������+���� 6 ��� $#���3 tyrosol (14), 4-hydroxybenzoic acid (104), aplysiopsene D (105), 3-

isochromanone (106), (-)-drimenein (107) ��� diketopiperazine (108) ���������2@�B�C����

�2��
��
	 ��������!��������������
��&�1�3��'��� 

 
 
 
 
 
  

 

 

 

 

V. Rukachaisirikul*, N. Khamthong, Y. Sukpondma, S. Phongpaichit, N. Hutadilok-Towatana, 

P. Graidist,  J. Sakayaroj, and K. Kirtikara, 2010. Cyclohexene, Diketopiperazine, Lactone and 

Phenol Derivatives from the Sea Fan-derived Fungi Nigrospora sp. PSU-F11 and PSU-F12, Arch. 

Pharm. Res., 33 (3), 375-380. 
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109: R1 = OMe, R2 = H, R3 = OH
110: R1 = NHCH2CH2OH, R2 = H, R3 = OH
111: R1 = NHCH2CH2OH, R2 = OH, R3 = H
113: R1 = OMe, R2 = R3 = H
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115: R1 = R2 = H
116: R1 = H, R2 = OH
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O H
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H
Me
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OO Me

R1

OH
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H
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R2Me
MeR1

R3

R5

R4

117: R1 + R2 = double bond, R3 = H, R4 = OMe, R5 = Me
118: R1 = R2 = R4 = H, R3 = OMe, R5 = ��- Me
119: R1 = R2 = R4 = H, R3 = OH, R5 = ��- Me

O

OH

R2

R1

120: R1 = H, R2 = Me
121: R1 = OH, R2 = ��- Me

O

Me

O

NH

O

MeHOOH

122

O

O

OH
Me

Me
HO

Me

123

HO

OH

OH

124

�#���	&���������"�� Nigrospora sp. PSU-F18 

 �����6�	����-��3
���W� pyrones $#��+���� 4 ��� (109-112) �������
*�
�����	���

"�������������+���� 5 ��� $#���3 solanapyrone A (113), (+)-phomalactone (114), 5-(S)-[1-

(1(S)-hydroxybut-2-enyl)]-dihydrofuran-2-one (115), musacin F (116) ��� tyrosol (14)  ���$#�

������2@�B�C�����2��
��
	 /������
*�	�$#� 

 

 

 

 

 

 

 

   
 

K. Trisuwan, V. Rukachaisirikul*, Y. Sukpondma, S. Preedanon, S. Phongpaichit and J. 

Sakayaroj, 2009. Pyrone Derivatives from the Marine-derived Fungus Nigrospora sp. PSU-F18, 

Phytochemistry, 70 (3), 554-557.  
 

�#���	&���������"�� Penicillium sp. PSU-F40  

 �����6�	����-��3�+���� 9 ��� (117-125) �������
*�
��	���"���������+���� 5 ��� 

$#���3 TMC-120B (126), TMC-120C (127), 1-(2,4-dihydroxy-6-methylphenyl)-3-methyl-1-

butanone (128),  2-(2-methoxybenzoly)pyrrole (129) ��� nicotinic acid (130) �������
�$#�

�#��2@�B�C�����2��
��
	/������2�$����
*�	�$#�  
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R2 Me
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OH

R1

O

O

R

134: R1 = =O, R2 = OH, R3 = Me
135: R1 = R2 = OH, R3 = Me

  131: R = CH2OH
  133: R = Me

132

136: R1 = CH2CH(OH)Me, R2 = H, R3 = R4 = OH
137: R1 = Me, R2 = R3 = R4 = H
138: R1 = OMe, R2 = R3 = R4 = H
139: R1 = Me, R2 = OH, R3 = R4 = H
140: R1 = CH2OH, R2 = R3 = R4 = H
141: R1 = Me, R2 = R3 = H, R4 = OH
142: R1 = Me, R2 = H, R3 = R4 = OH
143: R1 = CH2OH, R2 = H, R3 = R4 = OH

R4

R3

Me

O

R2

N

O
O

R2Me
MeR1

R3

125: R1 = H, R2 = R3 = OH
126: R1 + R2 = double bond, R3 = H
127: R1 = R3 = H, R2 = OH

Me

HO OH

O

Me

Me
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O

OMe
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N

HO2C
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K. Trisuwan, V. Rukachaisirikul*, Y. Sukpondma, S. Phongpaichit, S. Preedanon, and J. Sakayaroj, 

2010. Furo[3,2-h]isochroman, Furo[3,2-h]isoquinoline, Isochroman, Phenol, Pyranone and Pyrone 

Derivatives from the Sea Fan-derived Fungus Penicillium sp. PSU-F40, Tetrahedron, 66 (25), 4484-

4489.  
 

�#���	&���������"�� Trichoderma sp. PSU-F95 

 �����6�	����-��3$#��+���� 2 ��� (131-132) �������
*�
�����	���"������������

�+���� 7 �������3�����#�	�2��+���
�	������ $#���3 coniothranthraquinone (133), aloesone (134), 

2-(2�S-hydroxypropyl)-5-methyl-7-hydroxychromone (135), isorhodoptilometrin (136), 

pachybasin (137), 1-hydroxy-3-methoxyanthraquinone (138) ��� 2-methylquinizarin (139) 

�������
�	�������6�	�����
*�
��	���"���������&�*������
��+���� 4 �������3��/���'��� 

$#���3 �-hydroxypachybasin (140), chrysophanol (141), emodin (142) ��� �-hydroxyemodin 

(143) �������
�$#��#��2@�B�C�����2��
��
	/������2�$����
*�	�$#�  

 

 

 

 

 

 

 

 

 
 

N. Khamthong, V. Rukachaisirikul,* K. Tadpetch, M. Kaewpet, S. Phongpaichit, S. Preedanon, 

and J. Sakayaroj, Tetrahydroanthraquinone and Xanthone Derivatives from the Marine-Derived 

Fungus Trichoderma aureoviride PSUF95, Arch. Pharm. Res., accepted. 
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R1 O

Me

R2

145: R1 = OMe, R2 = H
146: R1 = OH, R2 = CO2H
147: R1 = OH, R2 = CH2OH
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O
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OH
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OMe
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MeHO
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Me Me
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O
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O148 149

Me

150

�#���	&���������"�� Xylaria sp. PSU-F100 

 �����6�	����-��3
���W� [11]cytochalasin �+���� 1 ��� (144) �������
*�
��	���

"���������+���� 6 ��� $#���3 (R)-(-)-mellein methyl ether (145), (R)-(-)-5-carboxymellein (146), 

(R)-(-)-5-hydroxymethylmellein (147), 6-[(1R)-1-hydroxypentyl]-4-methoxy-2H-pyran-2-one 

(148),35 (2E,4S)-2,4-dimethyloct-2-enoic acid (149) ��� piliformic acid (150) �������
�$#�

�#��2@�B�C�����2��
��
	/������2�$����
*�	�$#�  

 

 
 

 

V. Rukachaisirikul*, N. Khamthong, Y. Sukpondma, C. Pakawatchai, S. Phongpaichit, J. 

Sakayaroj, and K. Kirtikara, 2009. An [11]Cytochalasin Derivative from the Marine-derived 

Fungus Xylaria sp. PSU-F100, Chem. Pharm. Bull., 57 (12), 1409-1411. 

 

�#���	&�������������� Aspergillus terreus PSU-RSPG187 

 �����6�	�����
����2������
/���3����+���
�	��������#�� A. terreus PSU-RSPG187 

$#�������# 4 ��� /[��
����2"������������ 2 ��� ��� ���-dehydrocurvularin (151) ��� 5,6-

dehydropestalotin (152) ����	!3����3��������������"�������� 2 ��� (����"�	���/����-�������

���� 42) 
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153

Me

MeMe

Me
Me

Me

Me Me

158

������� 2 ������������������������� ��������	�� !�"����	��#$�	���"���(�����

������	� 

 $#��+����.0�1�&���
*��#������+���� 6 ���# �����6�	����-��3�������
*�
�����	���

"�������������+���� 9 ��� 70 ��� ����+�#�2 G����.0�1�"#	����/
#���
� 
 

�������	��#$�	���"�����#(�� (Garcinia prainiana) 

�����6�	����2�����B�C�
*�
����	���"������������$�+���� 6 ��� ��� friedelin (153), 

naringenin 7-O-�-D-glucuronide (154), eriodictyol 7-O-�-D-glucuronide (155), (-)-GB-1a (156), 

(+)-morelloflavone (157) ��� amenthoflavone (158) ���#�����-��3�+���� 1 ��� (159)  ���

$#��#��2@�B�C��������!������/�����2�����B�C�
*�	�$#� 

 

 

 

 

 
 

 

 

 

 

S. Klaiklay, Y. Sukpondma*, V. Rukachaisirikul, N. Hutadilok-Towatana and K. Chareonrat, 

Flavanone Glucuronides from the Leaves of Garcinia prainiana, Can. J. Chem., 2011, 89, 461-

464.  
 

	-��*�"�	���-��#����#"($�*+� (Garcinia nervosa) 

�	��3�����#�	�2�����*���&!#
(�#��	��B
"����"����%R �����6�	����2�����B�C�
*�
���

��	���"�������������+���� 10 ��� $#���3 friedelin (153),1 (-)-GB-1a (156),2 (+)-morelloflavone 

(157),3 fukuside (160),4 xanthochymusside (161),5 (-)-GB-2a (162),2 (+)-morelloflavone-7-sulfate 

(163),6 4�,5,5�,7,7�-pentahydroxyflavanone-3,8�-chromone (164),7  (R)-(-)-mellein (165)8 ��� 

cadelene (166)9 
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160: R1 + R2 = double bond
161: R1 = R2 = H

162: R1 = R2 = H, R3 = OH
163: R1 + R2 = double bond, R3 = OH

164

166

Me

Me

Me Me

165
Me

167: R1 = R2 = H, R3 = OH
168: R1 = R3 = OH, R2 = H
169: R1 = H, R2 = OH, R3 = OMe

173172

R1

R2

R3

R

170: R = H
171: R = OMe

Me

Me

Me
Me

Me

Me

Me
Me

 

 

 

 

 

 

 

 

 

  
 

�	��3�����#�	�2����
������&!#
(�#��	��B
"����"����%R �����6�	����2�����B�C�
*�


�����	���"�������������+���� 9 ��� $#���3 (-)-GB-1a (156),2 (+)-morelloflavone (157),3 1,5-

dihydroxyxanthone (167),10  1,4,5-trihydroxyxanthone (168),11 2,5-dihydroxy-1-methoxyxanthone 

(169),12  montroumarin (170),13  annulatomarin (171),14  benzofuran derivative (172)15  ��� (+)-

(3R)-3-hydroxy-4,4-dimethyl-4-butyrolactone (173)16   "#	��� 173 �	�-��!
���&��B���'
��� 
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�������	��#$�	���"����	���"��#�	-����	� (Wedelia trilobata) 

������.0�1��	�����
����2������
/���3�����#�	�2������� ���#�����#�����

�����	#��	���������"����"����%R�3�� { &2�3��	����2�����B�C$#� 8 ��� '0*���#�
�����-��3�
*	��

$�3�
�����	���"�������� 1 ��� (174) �������
*�
�����	���"������������ 7 ��� ��� 3,4,2',4'-
tetrahydroxychalcone (175), 3�-tigloyloxykaur-16-en-19-oic acid (176), 3�-cimnamoyloxykaur-

16-en-19-oic acid (177), tetrachyrin (178), luteolin 7-methylether (179) gallic acid methyl ester 

(180) ��� 3,4-di-O-caffeoyl quinic acid (181) ���#��$#��#��2@�B�C��������!������/������
*

�	�$#�  
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Y. Sukpondma,* V. Rukachaisirikul, K. Monprasart, N. Hutadilok-Towatana, A 

Dihydrochalcone Derivative from the Flowers of Wedelia trilobata, manuscript. 
 

�������	��#$�	���"������#"��$� (Citrus hystrix) 

�3�����#�	�2��'�"��/���������!# ���*��+����	�����+�-��2�����B�C#��	��B
���"��

��"����%R �����6�	����-��3$#� �+���� 7 ��� (182-188)  �������
*�
�����	���"��������

���� �+���� 32 ��� �������
�$#��
����#��2@�B�C��������!������ �����������
	������������� 

HIV 1 

 

 

 

 

 

 

 

 

 

 

K. Panthong,* Y. Srisud, V. Rukachaisirikul, N. Hutadilok-Towatana, S. Piyawan 

Voravuthikunchai, S. Tewtrakul, Acridone, Benzene, Coumarin and Quinolinone Derivatives 

from the Roots of Citrus hystrix, manuscript. 
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OMe

Me
190

192

194

193191

HO
HH

H

O

H

H

CO2H

HO

H

H

CO2H

HO

H

H

CO2H

HO

H

H
195

OH

	-��*�"�	���-��#����/�#"�- (Bouea oppositifolia) 

�����6�	����2�����B�C$#��+���� 2 ������ gallic acid methyl ester (189) ��� 

myricetin-3-�-rhamnoside (190) (����"�	���/����-����������� 56) 

 

 

       

 

 

 

	-��*�"�	���-��#�������-#"#�� (Mangifera foetida Lour.) 

����	�����
����2������
-��2�����B�C�����*�����# �����6�	����$#� �+���� 8 ��� 

��������6���������"��������$#������+���� 5 ��� #����#� �-sitosterol (191), mangiferonic 

acid (192), isomangiferolic acid (193), mangiferolic acid (194) ��� mangiferadiol (195) /[��
�

�	!3-�����	����2�����B�C����3��	3�	�
*$#����������#�	�2#��	��B
���"����"����%R 

(����"�	���/����-����������� 64) 

 

 

 

 

 
 

 

 
 

������� 3 ���!��!�"�
�!�����	�%�&'������
���"�� ���"�� ��#���-����� 

������	�%�&'�����(��/��-4�5�- 

���!��!�"�
�!�����	�%�&'������
���"�� 

 �+�����	�����������"#$%������,������ 4 ���# $#���3 Enhalus acoroides, Cymodocea 

rotundata, Halophila ovalis ��� Thalassia hemprichii 2����[�3����/�� ������#���� $#�������# 

210 $�"'���  ��#�+����"#	��.�	���1[������[Q�����	������B
����
�"������ ��#�23�$#� 8 

Order 28 Genus �
����-� Genus Cladosporium ����
*��# 20 $�"'��� ������� ��� Penicillium 
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(17 $�"'���), Fusarium (11 $�"'���), Cochliobolus, Nigrospora ��� Trichoderma �	3���� 9 

$�"'��� �+��������������#$
�&����
�	�-������ potato dextrose broth (PDB) �����+�$
���##��	

��B
������
$#��3�����#�	�2 3 �3�� $#���3 �3�����#�	�2 ethyl acetate �����+���
�	�������� (BE), 

�3�����#�	�2 hexane ����3������-	�� (CH) ����3�����#�	�2 ethyl acetate ����3������-	

�� (CE) $#�������#������# 602 ��� ����+�$
�#��2@�B�C�����������
	��3�"�� 10 ���# $#���3 

�2��
��
	����2�� (Staphylococcus  aureus ATCC25923 ��� methicillin-resistant S. aureus 

(MRSA) SK1) �2��
��
	�����2 (Escherichia coli  ATCC25922 ��� Pseudomonas  aeruginosa 

ATCC27853) 	
��� (Candida  albicans ATCC90028, NCPF 3153, ��� Cryptococcus  neoformans 

ATCC90112, ATCC90113) ����� (Microsporum gypseum SH-MU4 clinical isolate ��� 

Penicillium marneffei clinical isolate) ������3� minimal inhibitory concentration (MIC) ��� 

minimal bactericidal concentration (MBC) ���� minimal fdungicidal concentration (MFC) #��	��B
 

colorimetric microdilution &2�3�������#�3��-�,3�
@�B�C������ "#	������# 32.1% �
@�B�C����

	
��� ��� 25.9% �
@�B�C���� M. gypseum ���/���� P. marneffei ������� ��� 22.9% �
@�B�C����

�2��
��
	����2�� ����
�&
	� 3.5% �
*�����6	�2	����2��
��
	�����2$#� ������#�
*�
@�B�C����

�2��
��
	#
�
*��# ���������# CE ��� Fusarium sp. ES73 �����6	�2	��� S. aureus ���������	&��B�� 

(MIC 8 �g/ml) ���������# BE ��� CH �������� Stephanonectria keithii ES172  -���3� MIC �3�

����� S.  aureus  ATCC25923  8 �g/ml ������# BE ��� Aspergillus sp. ES4  �
@�B�C�����2��
��
	 

E. coli 
������ (MIC 32 �g/ml) �3��������#�
*�
@�B�C���� P. aeruginosa �
��������#�
*�
@�B�C

�*+� (MIC 200 �g/ml) �+����2@�B�C������ &2�3�������# CE ��� Trichoderma sp. ES38, 

Trichoderma sp. ES8 ��� CH ��� Hypocreales sp. ES26 	�2	��� C. albicans -���3� MIC 1, 2 ��� 8 

�g/ml ����+�#�2 �3�� CE ��� Fusarium sp. ES73, CH ��� ES-190, Penicillium citrinum ES43 

��� Hypocreales sp. ES26 	�2	��� C. neoformans -���3� MIC 1-4, 4, 8 ��� 8-16 �g/ml  ����+�#�2 

���������# CH ��� Hypocreales sp. ES26 	�������6	�2	�������� M. gypseum $#�#
��� -���3� MIC 

2 �g/ml ����3� MFC 16 �g/ml '0*�-�����
	���2	�����������Q�� miconazole �������
�������# 

CH ��� BE ��� Nigrospora sp. ES5 	�2	��� M. gypseum $#�#
������� (MIC/MFC 4/4 ��� 8/8 

�g/ml ����+�#�2) �3��������# CE ��� Schizophyllum commune ES49 �
@�B�C
�������3������ P. 

marneffei (MIC/MFC 16/64  �g/ml) �������
�	��$#��+�������# 115 ������# ���������� 86 $�

"'��� ���#��2@�B�C��������!������ &2�3��
������# 14 ����
*-��G�2��-�����#��2 DPPH 

(1,1-diphenyl-2-picrylhydrazyl) ���*��+�������#���3��
�$
�#��2�3� &2�3��
������# 11 ��� 9 

����
*�����6�+���#����!� OH• (hydroxyl) ��� superoxide $#� "#	������# BE ��� ES109 ��#�

@�B�C��������!� DPPH -���#�2#
 (IC50  0.036 mg/ml) ������# BE ��� ES109 ��� Pleosporales 

sp. ES187 ��������!� OH• $#�-���#�2#
��� (IC50 0.62 ��� 0.69 mg/ml) '0*�-�����
	���2�3� IC50 
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/���������Q�� tannin (0.5 mg/ml) ���������# BE ��� Pleosporales sp. ES187 ��� ES200 

��������!� superoxide anion -���#�2#
��� (IC50  0.22 ��� 0.32 mg/ml)  -�����
	���2�3� IC50 /��

�������Q�� trolox  (0.3 mg/ml) ������#2���3���
*�
 NMR profiles �
*�3���-� ����

����[

���&��0��+�$
�#��2@�B�C����
�W�&��*� { $#���3 @�B�C�����������["�� @�B�C����������
	 ����

�
��&�1�3��'��� ���@�B�C�����'�������X������� MCF7 &2�3��
������# 10 ��� ��� CE ��� P. 

citrinum ES43, BE ��� Polyporales sp. ES44, BE ��� CE ��� Fusarium sp. ES73, BE ��� CE 

��� Fusarium sp. ES161, BE ��� Annulohypoxylon sp. ES163, BE, CH ��� CE ��� 

Pestalotiopsis sp. ES180 �
*��#�@�B�C����
�W�&���3��
��	3��-#�	3����0*� ��3������# 6 ����
��

&�1�3��'��� �
�&
	� 4 ��� $#���3 ES161BE, ES161CE, ES163BE ��� ES180CE �
*$�3�
��&�1�3� 

Vero cell ��3�����6	�2	����������,/���'�������X� KB ��� MCF7 $#� �
�3� IC50 �	!3-��3�� 20.25-

49.76 ��� 13.11-46.67  �g/ml ����+�#�2 ������#�3��-�,3�
��������
�� mellein, p-hydroxy 

benzoic acid ��� tyrosol G����.0�1�-�������
���#�-����X��3������"#$%������,�������
����

�������	����
�����3�/��������@�B�C����
�W�&�
*�3���-�  

O. Supaphon, S. Phongpaichit,* V. Rukachaisirikul and J. Sakayaroj, Diversity and 

Antimicrobial Activity of Endophytic Fungi Isolated from the Seagrass Enhalus acoroides, 

manuscript �������"�	���/����-����������� 74 
 

���!��!�"�
�!�����"�� 

 -������#������������
*G�����������������
	������*��
�
���-����� $#��+�����	��������

�����������3�	��������$�3�
���#!�������� ���������#���&� ���.�
B������ ���W!��X� -�

����3���#���������-������� 2553 $#���������+���� 105 $�"'��� ���*��+����#��2@�B�C	�2	���

�������
	�/����+���
�	������#��	��B
 agar diffusion ����#��2���3������/��/���*+���#�
*	�2	������

����,/���������
	� (MIC) ��������/��/���*+���#�
*w3��2��
��
	 (MBC) ���������/��/���*+���#�
*

w3�������� (MFC) /��������##��	��B
 colorimetric microdilution &2�3� �����+���
�	���������+���� 

105 $�"'��� �
��+���
�	�������� 34 $�"'��� (32.4%) �
*�
@�B�C-����	�2	����������
	�$#��	3�����	 1 

���# �������+����������#�	�2 315 ����
*�+����#��2@�B�C	�2	����������
	� &2�3� �
������#

�+���� 100 (31.7%), 108 (34.3%), 8 (2.5%), 51 (16.2%), 130 (42.3%), 144(45.7%) ��� 42 

(13.3%) ������# �
*�����6	�2	�������� S. aureus ATCC25923, Methicillin–resistant S. aureus 

(MRSA) SK1, Pseudomonas aeruginosa ATCC27853, Escherichia coli ATCC25922, Candida 

albicans ATCC90028, Crytococcus neoformans  ATCC90112 ��� Microsporum gypseum SH-

MU4 $#� "#	�
�3� MIC �3������#����3�� �	!3-��3�� 2-200, 8-200, 2-200, 128-200, 0.25-200, 0.25-

200 ��� 32-200 �g/ml ����+�#�2 ����
������#�+���� 2, 2 ��� 1 ����
*�����6w3������ S. 
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aureus (MBC 128 ��� 128 �g/ml),  C. neoformans (MFC 32 ��� 128  �g/ml) ��� C. albicans 

(MFC 128  �g/ml) $#�����+�#�2 G����.0�1�	��&2�3� ������� Talaromyces trachyspermus �
*�	�

$#��������3�	�
��+���� Sargassum sp. �����������������
*�����6	�2	����������
	�$#� 4 ���#

���� 	��-���!
�22 NMR �
*�3���-� G!�����	�0����+�����	����-��2�����B�C���.0�1�@�B�C����������

�
	�/����3������3�$
����� ������.0�1�-�������
�&2�3�������������
*�	�$#������*��
�
���-�

���� �
.��	W�&-����G������	�2	���������������
	��3�"�� (����"�	���/����-����������� 86) 

�������	�
� $#�.0�1����������6-����G���������@�B�C/���2��
��
	��������"#$%�� 

�
*�	�$#����&����.�/�� 7 ���# ��� �����
	�/�� ������ ��� /3� /3�
(� 
�#����� ���$&� #��	���

�#��2���������6/���2��
��
	�+���� 11 $�"'��� ��������"#$%���+���� 133 $�"'��� 

-����	�2	����������,/��������� (Fusarium oxysporum) ����2��
��
	������"����
*	� (Ralstonia 

solanacearum) "#	��
�	������"#$%��-������ 5 ���# (F1: glucose soybean meal broth, F2: malt 

extract corn starch broth, F3: glucose soybean oil peptone broth, F4: potato dextrose galangal 

powder broth and F5: potato dextrose broth) ����2��
��
	���"#$%��-������ 3 ���# (NB: 

nutrient broth, GPYM: glucose peptone yeast-malt extract broth and GYC: glucose yeast extract 

corn starch broth) ������*��#��2������#�	�2/���������
	����"#$%�� #����3��#��	��B
 agar 

well diffusion assay &2�3�������#�	�2/���2��
��
	���"#$%�� ZB9 �
*��
�	�-������ GYC 

	�2	����������,/�� F. oxysporum $#�#
�
*��# (/��#����G3�.!�	�������-� 15 ��.) -�/[��
*���

���#�	�2/�������"#$%�� PDB141 ��� PDB152 �
*��
�	�-������ F4 ��� PDB148 �
*��
�	�-�

����� F5 	�2	����������,/�� R. solanacearum $#�#
�
*��# (/��#����G3�.!�	�������-� 16 ��.) 

�+����2�����#�����������
	����"#$%���
*�����$'�#�"�%��� �����������&����
�	������"#$%��

�+���� 37 $�"'��� 2�������/X� chrome azurol S &2�3������"#$%���+���� 25 $�"'��� �
*

-��G�2��"#	����,2���������#�
��������� halo zone �
�����������
��&!��2{ "�"��
 ��3���*�

��#�����2��$�"'���$
��
�	�-���������� MGs-1 ���������2��!3%)������/��$'�#�"�%���

"#	��B
 Arnow assay ��� Ferric perchlorate assay &2�3������"#$%�� PDB141 �
*����� halo zone 

/��#��X���3� �����$~#���'����$'�#�"�%��� 150.71 �g/ml '0*������3������"#$%�� PDB136 

�
*����� halo zone /��#-�,3��3�����$~#���'����$'�#�"�%���$#��&
	� 3.33 �g/ml 

(����"�	���/����-����������� 106) 

 

 

 

 

 



���-������� 

 

	-��*�"�	���-��#��������	�� Sporothrix sp. PSU-STD57 

 

J$����������  ��.  ��O�(��Q (-4�����
 
 

���
�  ���3�����	/�� ..#�.��������� ���/$�	.������ W���������
 �[����	�.����� ������	���	��/���������� 

�3����2 �..#�.�������1[� &�1�$&���� W����������
����	� �[����	�.����� ������	���	��/���������� $#�

.0�1���
*	���2������� Sporothrix sp. PSU-STD57 '0*��	��������-2 (petiole) /��&����������#���#�

(Bruguiera gymnorrhiza L. Soavigny) G�����#��2@�B�C����
�W�&�2�������/���3�����#�	�2��+���
�	������  

����'���������� &2�3� ��#�@�B�C�����2��
��
	 Staphylococcus  aureus ��� methicillin-resistant  

Staphylococcus aureus  #��	�3� MIC �
*��3������� >200 �g/mL ��3-��3�����#�	�2�'�����������
*���##��	     

�~��'�����#�@�B�C����������� Microsporum gypseum #��	�3� MIC 64 �g/mL ���������1[�"����"�     

����2�"����"����%R�G3�2�� 
��������	�/������	3����#��� 
����2��2��,,�[ 1H NMR 
����

���1[���&��/�����
���W���"������ �+�-����-�.0�1�����
*G���"#	����������#�
� 
 

���X�*�"�-��  �&�*��	�����
����2������
���������� Sporothrix sp. PSU-STD57 ���.0�1�"��������/��

���2�����B�C "#	��#�3��������6�	����-��3'0*��
@�B�C����
�W�&�
*�3���-�$#� 
 

��Z�������	- 

1. �����������	��!�"!J�������	- 

1. �+�������� Sporothrix sp. PSU-STD57 ������ $#��
���3��/����+���
�	������ (broth) ����'��������

�� (mycelia)  

2. ���#�3��/����+���
�	������#��	����+�����	�������'�����+���� 3 ����� ����	����+�����	

�������'�������#��	����*������	�22�#����#�� ��$#��3�����#�	�2�������'���������+���
�	������    

3. ���#�3���'�����������
*��������������� #���
� 

    3.1 �+��'����������$
��3-�����+�����	��������
������ 2 ���  

     3.2 �����'������������� ����+��������	�
*$#�������	����+�����	���2���3�� ������+� 

�������##��	����+�����	�~��'��+���� 2 ����� �����������	����+�����	�~��'����#��	����*������	�22�#

����#�� $#��3�����#�	�2�~��'�����'��� 
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    3.3 �+��3���
*��������������##��	�~��'� �����##��	����+�����	-���������'�����+���� 3 

�����  

    3.4 ����	����+�����	�������'�������#��	����*������	�22�#����#�� �+�-��$#��3�����#

�	�2�������'��������'��� 
 

2. ���!��������������/��������Z�[ 

�+����������+����� 550.2 ��������� ����	-���������������	�#��	�������"����"�����%R "#	�
���

�	!3��2�
*�
�� Sephadex LH20 "#	��#��	 100% MeOH �����6�	�$#� 316 ���#�+��������	��3���3��$


������22��G3�"����"����%R�G3�2��&2�3� �����6����3���
*�
���1[����"����"��������������$#�

������# 6 �3��#��������
* 1 
 

����-��� 1 �3���3��{ �
*$#��������	��3�����#�	�2��+���
�	������#��	�������"����"�����%R "#	�
����	!3��2�
*

�
�� Sephadex Sephadex LH20 
 

���� ����" ��
����� (#�������#) ���\Q"��� 

Sp1 100% MeOH 40.0 /�����#�
��+������#+� 

Sp2 100% MeOH 35.0 /�����#�
��+������#+� 

Sp3 100% MeOH 212.6 /�����#�
��+������#+� 

Sp4 100% MeOH 85.0 /�����#�
#+� 

Sp5 100% MeOH 76.2 /�����#�
��+������#+� 

Sp6 100% MeOH 91.4 /���/X��
��+������#+� 
 

Sp1 !�" Sp2 

���/���!�"����"����%R�G3�2��-��������*���
* 2% MeOH / CH2Cl2 ��X��������*���
*/�����$�3

��#��� �0�$�3$#��+����.0�1� 

 

Sp3 

���/���!�"����"����%R�G3�2��-��������*���
* 2% MeOH/CH2Cl2 ��X� 1 spot -�UV-S �
* Rf 0.5 �	!3

-�����3�����.0�1� 
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Sp4 

���/���!�"����"����%R�G3�2��-��������*���
* 2% MeOH/CH2Cl2  ��X� 5 spot -�UV-S �
* Rf 0.1  

0.23 0.44 0.52 ��� 0.73 ��������+����	�#��	�������"����"����%R�22B���#� "#	-��������
�� 100% 

Hexane �&�*�/���#��	 ethyl acetate ����&�*�/����3�#��	 MeOH ��60�100% MeOH �+��������	-���3���3��$


������22��G3�"����"����%R�G3�2��&2�3� �����6����3���
*�
���1[����"����"��������������$#�

������# 7 �3�� #��������
* 2 
 

����-��� 2 �3���3��{�
*$#��������	� Sp4 #��	�������"����"����%R�22B���#� 

 

���� ����" ��
����� (#�������#) ���\Q"��� 

Sp4-1 

 

100% Hexane - 30% 

EtOAc/Hexane 

38.5 

 

/���/X��
��+���� 

 

Sp4-2 30-50% EtOAc/Hexane 13.0 /���/X��
��+���� 

Sp4-3 50-80% EtOAc/Hexane 1.5 /���/X��
�/
	��/�� 

Sp4-4 80-100% EtOAc/Hexane 3.1 /���/X��
��+�����3�� 

Sp4-5 

 

2% MeOH/EtOAc- 

30% MeOH/EtOAc 

5.3 

 

/���/X��
��+������#+� 

 

Sp4-6 50% MeOH/EtOAc- 

80% MeOH/EtOAc 

5.7 /���/X��
��+�����3�� 

Sp4-7 100% MeOH 10.1 /���/X��
��+������#+� 
 

Sp4-1 

���/���!�"����"����%R�G3�2��-��������*���
* 20% EtOAc/Hexane (2 �����) ��X� 1 spot -� UV-S �
*  

Rf 0.71 ������*�-�� 50% CH2Cl2/Hexane (2 �����) ��X� 3 spot -�UV-S �
*  Rf 0.72 0.82 ��� 0.90 �	!3-�����3��

���.0�1� 

Sp4-2 

���/���!�"����"����%R�G3�2��-��������*���
*  20% EtOAc/Hexane (2 �����) ��X� 1 spot -� UV-S �
*  

Rf 0.59 ���*��+�$
2���0�/���!� 1H NMR &2�3�	��$�32�����B�C �	!3-�����3�����.0�1� 
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Sp4-3 

���/���!�"����"����%R�G3�2��-��������*���
*  20% EtOAc/Hexane (2 �����) ��X� 1spot -� UV-S �
* 

Rf 0.41 ���*���������

����[���	 �0�$�3�+����.0�1��3� 

Sp4-4 

���/���!�"����"����%R�G3�2��-��������*���
*  20% EtOAc/Hexane (2 �����) ��X� 1 spot -� UV-S �
* 

Rf 0.35 ���*���������

����[���	 �0�$�3�+����.0�1��3� 

Sp4-5 

���/���!�"����"����%R�G3�2��-��������*���
* 20% EtOAc/Hexane (2 �����) ��X� 2 spot -� UV-S �
* 

Rf 0.25  ��� 0.35  ��������+����	�#��	"����"�����%R�G3����"#	-��������
�� 50% CH2Cl2/Petrol (2 �����) 

���  70% CH2Cl2/Petrol $#� 2 �62 #���
� 

Sp4-5-1 (2.1 mg) �
���1[��
��/���/X��
/�� ���/���!�"����"����%R�G3�2��-��������*���
* 50% 

CH2Cl2/Hexane ��X� 1 spot -� UV-S �
* Rf 0.38 ���*�2���0�/���!� 1H NMR &2�3��
�����2�����B�C �
*�
��*��3� 

isosclerone 

Sp4-5-2 (2.7 mg) �
���1[��
��/���/X��
/�� ���/���!�"����"����%R�G3�2��-��������*���
* 50% 

CH2Cl2/Hexane ��X� 1 spot ���{ -� UV-S �
* Rf 0.36 ���*�2���0�/���!� 1H NMR &2�3��
�����2�����B�C����	!3

-�����3��2���0�/���!� 2D NMR 

Sp4-6 

���/���!�"����"����%R�G3�2��-��������*���
*  20% EtOAc/Hexane (2 �����) ��X� 1 spot -� UV-S �
* 

Rf 0.17 ���*�2���0�/���!� 1H NMR &2�3��
�����2�����B�C �
*�
��*��3� tyrosol 

Sp4-7 

���/���!�"����"����%R�G3�2��-��������*���
* 2% MeOH/CH2Cl2 �
�����	��-� UV-$�3$#�

�+����.0�1� 

Sp 5 

���/���!�"����"����%R�G3�2��-��������*���
* 2% MeOH/CH2Cl2 (2 �����) ��X������3� 7 spot -� 

UV-S ��������+����	�#��	�������"����"����%R�22B���#� "#	-��������
�� 100% CH2Cl2 �&�*�/���#��	 

MeOH ��60� 100%MeOH �+��������	-���3���3��$
������22��G3�"����"����%R�G3�2��&2�3�
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�����6����3���
*�
���1[����"����"��������������$#�������# 7 �3��#��������
* 3 
 

����-��� 3 �3���3��{�
*$#��������	�  Sp5 #��	�������"����"����%R�22B���#� 

 

���� ����" ��
����� (#�������#) ���\Q"��� 

Sp5-1 100% CH2Cl2 7.6 /���/X��
��+���� 

Sp5-2 100% CH2Cl2 8.2 /���/X��
��+���� 

Sp5-3 100% CH2Cl2 6.8 /���/X��
��+���� 

Sp5-4 2% MeOH/CH2Cl2 8.6 /���/X��
��+���� 

Sp5-5 5-30% MeOH/CH2Cl2 6.8 /���/X��
��+���� 

Sp5-6 50-80% MeOH/CH2Cl2 7.7 /���/X��
��+���� 

Sp5-7 100% MeOH 20.3 /���/X��
��+���� 
 

Sp5-1 

���/���!�"����"����%R�G3�2��-��������*���
*  50% CH2Cl2/Hexane ��X� 1 spot -� UV-S �
* Rf  

0.77 ���*�2���0�/���!� 1H NMR &2�3��
�����2�����B�C �
*�
��*��3� 8-methoxy-1-naphthol�
 

Sp5-2 

���/���!�"����"����%R�G3�2��-��������*���
*  50% CH2Cl2/Hexane ��X� 2 spot -� UV-S �
* Rf  

0.62 ��� 0.71  ��������+����	�#��	"����"�����%R�G3���� "#	-��������
�� 50% CH2Cl2/Petrol (2 �����) 

���  80% CH2Cl2/Petrol $#� 2 �62 #���
� 

Sp5-2-1 (4.7 mg) �
���1[��
��/���/X��
��+���� ���/���!�"����"����%R�G3�2��-��������*���
* 

40% CH2Cl2/Hexane ��X� 1 spot -� UV-S �
* Rf 0.43 ���*�2���0�/���!� 1H NMR &2�3��
�����2�����B�C ����	!3

-�����3��2���0�/���!� 2D NMR 

Sp5-2-2 (1.1 mg) �
���1[��
��/���/X��
/�� ���/���!�"����"����%R�G3�2��-��������*���
* 50% 

CH2Cl2/Hexane $�3��X� spot -� UV-S ���*���������

����[���	 �0�$�3�+����.0�1��3� 

Sp5-3 - Sp5-7  

���/���!�"����"����%R�G3�2��-��������*���
*���#�3��{ �3��-�,3��X�����	�$�3��#��� "#	���
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���1[��
�����	�� ����$�3��X� spot ������+�$
�����2#��	�������	 Anisaldehyde ����-���������� '0*���

#+��������.0�1��3�$
 

Sp6 

���/���!�"����"����%R�G3�2��-��������*���
* 2% MeOH/CH2Cl2 (2 �����) $�3��X�spot ������+�$


�����2#��	�������	 Anisaldehyde ����-���������� '0*���#+��������.0�1��3�$
 
 

J�������	-  

������.0�1��3�����#�	�2��+���
�	��������&2�3� �����6�	����2�����B�C$#� 5 ��� ��� tyrosol (1),1  8-

methoxy-1-naphthol (2)2 ��� isosclerone (3)3 ����	!3-�����3�����2���0�/���!� 13C NMR ��� 2D NMR �
� 

2 ��� ���������"��������/�����2�����B�C�
*�	�$#�"#	-��/���!������
�"���"�
R ��3� UV, IR ��� NMR  

 

 

�

 ���*��+����2�����B�C�
*$#�$
2���0�/���!� NMR $#�G�#������� 

����-��� 4 /���!� 1H ��� 13C NMR /�� 1 ��� tyrosol -�����+�����	 CDCl3 

��� 1 Tyrosola 
�+����3� 

�H (mult., JHz) 	C (C-type) �H (mult., JHz)
 	C (C-type) 

1 - 154.22 (C)  - 154.1 (C)  

2, 6 6.79 (d, 9.0) 115.45 (CH)  6.77 (d, 8.0) 115.4 (CH)  

3, 5 7.11 (d, 9.0) 130.15 (CH)  7.09 (d, 8.0) 130.0 (CH)  

4 - 130.55 (C)  - 130.2 (C)  

7 2.81 (t, 6.0) 38.27 (CH2)  2.82 (t, 6.4) 38.3 (CH2)  

8 3.83 (t, 6.0) 63.80 (CH2) 3.83 (t, 6.4) 63.8 (CH2) 
a Guzmán-López et al., 2007. 

 

3 

HO

OH

1
3 7

5

1 

OH

OH

O

1

7

5
34a

8a

OCH3 OH

1
7

5

34a

8a

2 
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����-��� 5 /���!� 1H ��� 13C NMR /�� 2 -�����+�����	 CDCl3 
 

��� 2 
�+����3� 

�H (mult., JHz) 	C (C-type) 

1-OH 9.32 (s) 154.51 (C) 

2 6.87 (dd, 7.2, 1.5) 110.43 (CH) 

3 7.32 (t, 7.2) 127.71 (CH) 

4 7.29 (dd, 7.2, 1.5) 125.56 (CH) 

4a - 136.78 (C) 

5 7.26 (d, 8.1) 118.84 (CH) 

6 7.40 (t, 8.1) 121.88 (CH) 

7 6.77 (d, 8.1) 103.94 (CH) 

8-OMe 4.05 (s) 156.19 (C) 

8a - 118.84 (C) 

Thines et al., 1995.�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
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����-��� 6 /���!� 1H ��� 13C NMR /�� 3 ��� isosclerone -�����+�����	 CDCl3 
 

��� 1 Tyrosola 
�+����3� 

�H (mult., JHz) 	C (C-type) �H (mult., JHz)
 	C (C-type) 

1 - 204.26 (C=O) - 206.3 (C=O) 

2 a: 3.01 (ddd, 17.7, 8.1, 4.8) 34.55 (CH2) 2.90 (ddd, 17.8, 7.6, 4.7) 36.1 (CH2) 

 b: 2.65 (ddd, 17.7, 5.4, 4.8)  2.66 (ddd, 17.8, 9.1, 4.8)  

3 a: 2.35 (ddd, 13.2, 5.4, 4.5) 34.20 (CH2) 2.30 (m) 32.6 (CH2) 

 b: 2.20 (ddd, 13.2, 8.1, 4.5)  2.10 (m)  

4 4.92 (dd, 7.5, 3.9) 67.70 (CH) 4.84 (dd, 8.0, 3.8) 68.3 (CH) 

4a - 145.84 (C) - 148.6 (C) 

5 7.02 (d, 7.5) 117.35 (CH) 7.07 (dm, 7.6) 118.8 (CH) 

6 7.50 (t, 7.8) 136.98 (CH) 7.50 (dd, 8.3, 7.6) 137.9 (CH) 

7 6.92 (d, 7.5) 117.78 (CH) 6.84 (dm, 8.3) 117.6 (CH) 

8-OH 12.42 (s) 162.73 (C) - 163.7 (C) 

8a - 115.00 (C) - 116.5 (C) 
a Kokubun et al., 2003.�

�	����	��-	�- 

1. Guzman-Lopez O., Trigos A., Fernandez F. J., Yanez-Morales M., Saucedo-Castaneda G. World J 

Microbiol Biotechnol. 2007. 23, 1473-1477. 

2. Thines E., Daussmann T., Semar M., Sterner O., Anke H., Z. Naturforsch.Sect. C, Biosci. 1995, 50, 

813-819. 

3. Kokubun T., Veitch N.C., Bridge, P.D., Simmonds M.S.J. Phytochemistry. 2003. 62, 779-782. 
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3

�������	��#$�	���"���/�#"�- (Bouea oppositifolia) 
 

J$���������� : ��.����O�  ��5(�#� 

 

���
�   

��	� (Bouea oppositifolia) �	!3-���.� Anacadiaceae1 �
��$��	�����/��#�����!� 8-20 ���� 

&2-�
(�#�2W������������
	�-�����W��-��/��
����.$�	  ����������������&������ 

Bouea "#	-��Q��/���!� SciFinder &2�3�&�������
� �
G!�.0�1������� 1 ���# ��� ��
��� (Bouea 

macrophylla) �����6�	����$#� 2 ��� ��� 1,3,6-octatriene ��� bicyclo[3.1.1]hept-2-ene2 

 

 
                                                     

                                  1,3,6-Octatriene                                       Bicyclo[3.1.1]hept-2-ene  
 

 

��3	��$�3�
��	����������	��
*	���2����
����2������
 ���@�B�C����W������	�/����	� 

�������
��3�����#�	�2�������/��-2��	� 	����#�@�B�C��������!������-���#�2�3���-� 

(IC50 0.017 mg/ml) -��������	�
��0���-�.0�1�����
����2���
/��-2��	� "#	��#�3����

2�����B�C�
*�	�$#����-2��	� ����
�����-��3�����#�@�B�C��������!�������
*�3���-� 

 

���X�*�"�-��   

�&�*�.0�1�����
����2���
/��-2��	�   ���#��������2@�B�C��������!������/�����

2�����B�C 

 

������	-!�"J�������	-  

���#-2��	��������� 1 ��"����� #��	�������
������ 10 ���� �
������ 3 ��� �������

���������������	-������ ��$#��3�����#�	�2�������/��-2��	��
���1[��
��/�����#�


�/
	��/��
�#+� ���� 119 ���� ��������+�������	#��	����B��'
��# ��$#��3���
*$�3����	����B��

'
��# ���� 35.4 ����  �	��3�#��	�������"����"�����%R�
*�
����	!3��2�
*�
�� Sephadex LH-20 

"#	��#��	 100% MeOH �	����$#� 4 �3�� #��������
* 1 
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����-��� 1 �3���3��{ �
*$#��������	��3�����#�	�2�3�����#�	�2�������/��-2��	��
*$�3                         

����	-� EtOAc #��	�������"����"����%R �
*�
����	!3��2�
*�
�� Sephadex LH-20   
 

���� ��
����� (���#) ���\Q"��-���O�( 

B1 2.29 /���/X��
�/
	��/��
�#+� 

B2 15.18 /���/X��
�/
	��/��
�#+� 

B3 12.69 /���/X��
�/
	��/��
�#+� 

B4 0.77 /���/X��
�/
	��/��
�#+� 
 

B1 !�" B2 

 "����"����%R�G3�2���22 reverse phase-��������*���
* 50% MeOH/H2O -� UV-S 

��#�����	�$�3��#��� ���*��+�$
2���0�/���!� 1H NMR spectrum &2�3�$�3
������,,�[/��"�

��%���������"������"
���� �0�$�3�+����.0�1��3� 
 

B3 

 ���"����"����%R�G3�2���22 reverse phase-��������*���
* 50% MeOH/H2O -� UV-S 

��X�������� 5 spot �
* Rf 0.38, 0.52, 0.62, 0.78 ��� 0.89 �23��� 920 ��������� �+�$
�	��3�#��	

�������"����"����%R�
*�
����	!3��2�
*�
�� reverse phase silica gel "#	-��������
�� 40% 

MeOH/H2O �#/��������*�	{�������*�60� 100% MeOH �	����$#� 4 �3�� #����#�-�������
* 2 
 

 ����-��� 2  �3���3��{�
*$#��������	� B3 #��	�������"����"����%R�
*�
����	!3��2�
*�
�� reverse  

phase silica gel 
 

���� ����" ��
�����  

(#�������#) 

���\Q"��-���O�( 

B301 40% MeOH/H2O 429.0 /�����#�
�/
	��/�� 

B302 40% MeOH/H2O 176.5 /���/X��
��+���� 

B303 40% MeOH/H2O 198.5 /���/X��
��+���� 

B304 50% MeOH/H2O – 100% MeOH 112.2 /�����#�
�/
	��/�� 
 

B301 !�" B304  

���"����"����%R�G3�2���22 reverse phase-��������*���
* 40% MeOH/H2O -� UV-S 

$�3��X� spot ��� ���*��+�$
2���0�/���!� 1H NMR spectrum &2�3�$�3
������,,�[/��"���%����

�����"������"
���� �0�$�3�+����.0�1��3� 
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B302 

 ���"����"����%R�G3�2���22 reverse phase-��������*���
* 40% MeOH/H2O -� UV-S 

��X�������� 1 spot �
* Rf 0.56 �0��	��3�#��	�������"����"����%R�
*�
����	!3��2�
*�
�� reverse 

phase silica gel "#	-��������
�� 30% MeOH/H2O �#/��������*�	{�������*�60� 100% MeOH �	�

���$#� 3 �3��#����#�-�������
* 3 
 

����-��� 3 �3���3��{�
*$#��������	� B302 #��	�������"����"����%R�
*�
����	!3��2�
*�
�� reverse   

                 phase silica gel 
 

���� ����" ��
����� 

(#�������#) 

���\Q"��-���O�( 

B302A 30% MeOH/H2O – 100% MeOH 47.1 /�����#�
��+�����/�� 

B302B 30-40% MeOH/H2O 97.5 /���/X��
��+���� 

B302C 50% MeOH/H2O  22.6 /�����#�
�/
	��/�� 
 

B302A !�" B302C 

 ���"����"����%R�G3�2���22 reverse phase-��������*���
* 30% MeOH/H2O -� UV-S 

��X��
�����	�� �+�$
2���0�/���!� 1H NMR spectrum &2�3�$�3
������,,�[/��"���%����

�����"������"
���� �0�$�3�+����.0�1��3� 
 

B302B 

 ���"����"����%R�G3�2���22 reverse phase-��������*���
* 30% MeOH/H2O -� UV-S 

��X���� 1 spot �
* Rf 0.40 �+�$
2���0�/���!� 1H NMR spectrum &2�3��
�����2�����B�C -�������
�� 

BO1  
 

UV
max (nm) (MeOH) (log��)���   221 (4.46), 274 (4.12) 

FTIR (neat):� (cm-1)    3296 (O-H stretching)  

           1694 (C=O stretching) 

          1456 (C=C stretching) 
1H NMR (CD3OD) (	 ppm) (300 MHz):  7.15 (s, 2H), 3.85 (s, 3H) 
13C NMR (CD3OD) (	 ppm) (75 MHz) :         167.89, 144.97, 144.97, 138.34, 

                                                                                  120.15, 109.21, 108.94, 51.24  

DEPT 135 o :  CH ;     109.21, 108.94 

                            CH3 ;                                         51.24     
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B303 

 ���"����"����%R�G3�2���22 reverse phase-��������*���
* 40% MeOH/H2O -� UV-S 

��X�������� 2 spot �
* Rf 0.37 ��� 0.54 �+�$
�	��
������#��	�������"����"����%R�
*�
����	!3��2

�
*�
�� reverse phase silica gel "#	-��������
�� 40% MeOH/H2O �#/��������*�	{�������*�60� 

100% MeOH �	����$#� 2 �3��#����#�-�������
* 4 
 

����-��� 4   �3���3��{�
*$#��������	� B303 #��	�������"����"����%R�
*�
����	!3��2�
*�
�� reverse 

phase silica gel 
 

���� ����" ��
����� 

(#�������#) 

���\Q"��-���O�( 

B303A 40% MeOH/H2O - 50% MeOH/H2O 47.1 /���/X��
�������/�� 

B303B 50% MeOH/H2O – 100% MeOH 23.7 /���/X��
������ 
 

B303A 

 ���"����"����%R�G3�2���22 reverse phase-��������*���
* 40% MeOH/H2O -� UV-S 

$�3��X�������� �
���1[��
�����	�� �0�$�3�+����.0�1��3� 
 

B303B 

 ���"����"����%R�G3�2���22 reverse phase-��������*���
* 40% MeOH/H2O -� UV-S 

��X���� 1 spot �
* Rf 0.38 �+�$
2���0�/���!� 1H NMR spectrum &2�3��
�����2�����B�C-�������
�� 

BO2 

 

UV
max (nm) (MeOH) (log��)���� 224 (4.58), 257 (4.38), 358 (4.31) 

FTIR (neat):� (cm-1)     3367 (O-H stretching)  

           1584 (C=O stretching) 

          1475 (C=C stretching) 
1H NMR (CD3OD) (	 ppm) (300 MHz):  6.97 (s, 1H), 5.33 (d, J = 1.5 Hz, 1H), 

4.24 (dd, J = 1.5, 3.3 Hz, 1H), 3.81 

(dd, J = 3.3, 9.3 Hz, 1H), 3.37 (t, J = 

9.6 Hz, 1H), 3.55 (dd, J = 9.6, 6.0 Hz, 

1H), 0.98 (d, J = 6.0 Hz, 3H) 
13C NMR (CD3OD) (	�ppm)(75 MHz) :          178.27, 164.42, 161.78, 158.04, 

157.11, 145.44, 136.48, 134.93, 
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120.59, 108.71, 108.25, 104.51, 

102.22, 98.42, 93.31, 71.99, 70.77, 

70.63, 70.49, 16.26   

DEPT 135 o :   CH ;  108.71, 108.25, 102.22, 98.42, 93.31, 

71.99, 70.77, 70.63, 70.49   

            CH3 ;                                                     16.26 
 

B304 

 ���"����"����%R�G3�2���22 Reverse phase-��������*���
* 40% MeOH/H2O -� UV-

S $�3��X�������� �
���1[��
�����	�� ���*��+�$
2���0�/���!� 1H NMR spectrum &2�3�$�3


������,,�[/��"���%���������"������"
���� �0�$�3�+����.0�1��3� 
 

B4 

 ���"����"����%R�G3�2���22 Reverse phase-��������*���
* 50% MeOH/H2O -� UV-

S ��X�������� 3 spot �
* Rf 0.48, 0.67 ��� 0.88 �+�$
2���0�/���!� 1H NMR spectrum &2�3�


������,,�[/�����������������2 B3 �0�$�3�+����.0�1��3� 
 

 

�����Q�!�"���*J� 

������������"��������/�����2�����B�C���� 2 ��� �+�$#�"#	��.�	/���!������
�"���"�


R "#	��&��/���!� 1D ��� 2D NMR ��
�"���"�
R 
 

BO1 

���/���!� UV ��#��62#!#�����
* 
max 221 ��� 274 nm ��#��3��
"��"�%����
*�
��

��22����!����� ���/���!� IR ��#��62���	�#/����!3 OH �
* 3296 cm-1 ��� C=O �
* 1694 cm-1 

 ���/���!� 1H NMR ��#���,,�[/�� aromatic proton �
*�
�� chemically equivalent ��� 

1 ��# "#	
�����
* 	 7.15 (brs, 2H) ���
������,,�[/�� methoxy proton �
* 	 3.85 (s, 3H)  

���/���!� 13C NMR ��#���,,�[/�� carbonyl carbon �+���� 1 carbon �
*	 167.89 ���

���/���!� DEPT ��#���,,�[/�� quaternary, methine ��� methyl carbon �+���� 4, 2 ��� 1 

carbon ����+�#�2  

���/���!� HMBC ��#� correlation /�� aromatic H-2 ��� H-4 (	 7.15) ��2 C-4 (	 

138.34), C-6 (	  109.21) ��� C-7 (	 167.89)  ��� methoxy proton ��#� correlation ��2 C-7 (	 

167.89)   
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���/���!�/���������
$#��3� BO1 �
"��������#����#� ������Q��/���!� SciFinder &2�3� 

BO1 �
������
*�
�����	���"�������������� ����
��*��3� gallic acid methyl ester3  

 

 

 

 

 

 

   ����-��� 5   /���!� NMR /�� BO1 -� CD3OD  

 

BO2 

���/���!� UV ��#��62#!#�����
* 
max 224, 257 ��� 358 nm ��#��3��
"��"�%����
*�
��

��22����!����� ���/���!� IR ��#��62���	�#/����!3 OH �
* 3367 cm-1��� C=O �
* 1584 cm-1 

'0*����/���!�/��������#��3��
�����
���W� flavone  

���/���!� 1H NMR ��#���,,�["
����/�� 1,3,4,5-tetrasubstituted benzene ring �
* 	 

6.97 (brs, H-2', 6') �����,,�[ aromatic proton �
� 2 ��,,�[ �
*	 6.37 (s, H-8) ��� 	 6.21 (s, 

H-6) �+�-�����2�3�"��������/�� flavones �
�� 3',4',5',5,7- pentahydroxyflavone �������
� 1H 

NMR 	����#���,,�[/����!3 methyl �
�� doublet �
* 	 0.98 (d, J = 6.0 Hz, 3H, H-6") ��� 

methine proton �
� 5 ��,,�[ �
*	 5.33 (d, J = 1.5 Hz, H-1"), 4.24 (dd, J = 1.5, 3.3 Hz, H-2"), 

3.81 (dd, J = 3.3, 9.3 Hz, H-3"), 3.37 (t, J = 9.6 Hz, H-4") ��� 3.55 (dd, J = 9.6, 6.0 Hz, H-5") '0*�

BO1 Gallic acid methyl ester 

Position 	H (mult, 

JHz) 

	C (C-Type) HMBC 

Correlation 

 	H (mult,  JHz) 	C  

1  120.15 (C)   121.4 (C) 

2 7.15 (brs) 108.94 (CH) C-4, C-6, C-7 7.04 (s) 110.0 (CH) 

3-OH  144.97 (C)   146.5 (C) 

4-OH  138.34 (C)   139.7 (C) 

5-OH  144.97 (C)   146.5 (C) 

6 

7 

8 

7.15 (brs) 

 

3.85 (s) 

109.21 (CH) 

167.89 (C) 

51.24 (CH3) 

C-2, C-4, C-7 

 

C-7 

7.04 (s) 

 

3.80 (s) 

110.0 (CH) 

167.5 (C) 

52.3 (CH3) 

HO

OH

HO
OCH3

O

1 7
8

3

5
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2

4
4a

6

8
8a

2'

6'

1''

3''

5''

��,,�[#����3���
����,,�["
����/����+�������"�� '0*� anomeric proton (H-1") 
����

��,,�[�
�� doublet #��	�3��!3��2��3���2 1.5 Hz �0��+�-�����2�3� ��+�������"���	!3-��!
/�� �-

form  

���/���!� HMBC &2�3� H-1" ��#� correlation ��2 C-3 (	 136.27) ��#��3���+�������

"���3��	!3��2��!3 OH 2� C-3 /�� 4-chromenone ��� aromatic H-2' ��� H-6' (	 6.97) ��#� 

correlation ��2 C-2 ��� C-4' �+�-�����2�3� 1,3,4,5-tetrasubstituted benzene ring �3��	!3��2 C-2 /�

��� 4-chromenone 

���/���!�/���������
$#��3� BO2 �
"��������#����#� ������Q��/���!� SciFinder &2�3� 

BO2 �
������
*�
�����	���"����������������� myricetin-3-�-rhamnoside4  
 

 

 

 

 

 

 

 

  ����-��� 6   /���!� NMR /�� BO2 -� CD3OD  
 

BO2 (CD3OD) Myricetin-3-�-rhamnoside 
Position 

	H (mult, J Hz)� 	C (C-Type)�

HMBC 

Correlation 	H (mult,  JHz)� 	C (C-Type)�

2  157.11 (C)   158.51 (C) 

3  134.93 (C)   136.34 (C) 

4  178.27 (C)   179.72 (C) 

4a  104.51 (C)   105.92 (C) 

5  161.78 (C)   163.21 (C) 

6 6.21 (s) 98.42 (CH) C-8, C-4a 6.33 (s) 99.84 (CH) 

7  164.42 (C)   165.88 (C) 

8 6.37 (s) 93.31 (CH) C-6, C-4a 6.49 (s) 94.74 (CH) 

8a  158.04 (C)   159.51 (C) 
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����-��� 6  (�3�) 

 

BO2 (CD3OD) Myricetin-3-�-rhamnoside 
Position 

	H (mult, J Hz)� 	C (C-Type)�

HMBC 

Correlation 	H (mult,  JHz)� 	C (C-Type)�

1'  120.59 (C)   121.99 (C) 

2' 6.97 (s) 108.25 (CH) C-2, C-4', C-6' 7.07 (s) 109.64 (CH) 

3'  145.44 (C)   146.86 (C) 

4'  136.48 (C)   137.90 (C) 

5'  145.44 (C)   146.86 (C) 

6' 6.97 (s) 108.71 (CH) C-2, C-2', C-4' 7.07 (s) 109.64 (CH) 

1"  5.33 (d, 1.5) 102.22 (CH) C-3, C-3", C-5"  5.44 (d, 1.5) 103.64 (CH) 

2" 4.24 (dd, 1.5, 3.3) 70.49 (CH) C-4" 4.35 (dd, 1.5, 3.3) 71.90 (CH) 

3" 3.81 (dd, 3.3, 9.3)� 70.77 (CH) C-1", C-5" 3.92 (dd, 3.3, 9.5)� 72.15 (CH) 

4" 3.37 (t, 9.6)� 71.99 (CH) C-2", C-6" 3.47 (t, 9.5)� 73.37 (CH) 

5" 3.55 (dd, 9.6, 6.0)� 70.63 (CH) C-1", C-3" 3.64 (dd, 9.5, 6.2)� 72.07 (CH) 

6" 0.98 (d, 6.0)� 16.26 (CH3) C-4" 1.08 (d, 6.2)� 17.67 (CH3) 

 
 

���*J�������	- 

���.0�1��	�����
����2������
���-2��	� �����6�	����2�����B�C$#��+���� 2 ���

��� gallic acid methyl ester ��� myricetin-3-�-rhamnoside  
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�#���	&����������	����� Aspergillus terreus PSU-RSPG187 

J$���������� : ��.#��� !����(�� 

���
� 

              Aspergillus terreus �
���������-����� Aspergillus �
*�����	�	!3��*�"�� &2���-�#��"#	��&��-��/�

���� '0*������������ Aspergillus �
�����3��
*��/���������2�$����
*�
@�B�C����
�W�&�����	 ���60�����3���

�
���.0�1�����
����2������
/��������������
�����3�����.���1 �X	�������6��2&2�������2�$����
*�


"��������-��3���@�B�C����
�W�&�
*�3���-� ���.0�1�����
����2������
/��������� Aspergillus terreus 

�����6�	����&�1���������� (mycotoxin) ��3� terretonin [1] ��� territrem C [2] �
����� ����������2�$���

���-��3�������������#�
� ��3� (-)-quadrone [3] aspernolide A ��� B '0*���#�@�B�C	�2	������$'�� HMG-CoA 

reductase ���	�2	����������������������������-���!�#��� [4-5] ��� lovastatin ��#�@�B�C�#���

��������� [6] �
����� 

 

            ����������������#��	Q��/���!� SciFinder &2�3��
��	����������	��
*	���2����
����2������
/��

������� A. terreus �
*��X2����	3�����#���
���+����$�3������ [7, 8] �������
� �3�����#�	�2�����+���
�	��������

#�� A. terreus PSU-RSPG187 '0*��
����������
*&2-��/�
�
)�&��B�����&�� �/�*������
��W� ������#����1���

B��
 ��#�@�B�C�����2��
��
	 Staphylococcus aureus ATCC25923 ��� methicillin-resistant S. aureus #��	�3� 

MIC 128 ��� 64 $�"�������3���������� ����+�#�2 #������G!�����	�0���-��
*��.0�1�����
����2������
���

������� #����3�� "#	��#�3��������6�	����G���W�[��B����������-��3 '0*��

��"	�������W������	�$#� 
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���X�*�"�-��   

              �&�*��	�����
����2������
/���3����+���
�	��������#�� A. terreus PSU-RSPG187 &��������.0�1�

"��������/�����2�����B�C�
*�	�$#� "#	��#�3����2�����B�C�
*�	�$#�����
�����-��3�����#�@�B�C����
�W�&

�
*�3���-� 

������	-!�"J�������	-  

�+��3����+���
�	�����������#�� A. terreus PSU-RSPG187 �����##��	��B����'���� 3 �����{ �� 300 

��������� ������������+�������B����'������������ #!#�������� ��������	�������+�����	��� ��$#��3�� 

���#�	�2��B����'����/����+���
�	�������� A. terreus PSU-RSPG187 '0*��
���1[��
��/�����#�
��+�������� 

0.8785 ���� ��������+��3�����#�	�2�
*$#����	�#��	�������"����"�����%R�
*�
 Sephadex LH-20 �
����� 

�	!3��2�
*����������	 MeOH/CH2Cl2 (1:1) �
���������*���
* �	����$#� 5 �3�� #����#�-�������
* 1   
 

������
* 1 �3���3�� { �
*$#��������	��3�����#�	�2��B����'����/��/����+���
�	�������� A. terreus PSU-

RSPG187 #��	�������"����"����%R�
*�
����	!3��2�
*�
�� Sephadex LH-20 

�3�� ��+����� (���������) ���1[������	W�& 

A 177.5 /�����#�
��+����

B 361.6 /�����#�
��+����

C 91.5 /���/X��
�������3��

D 274.3 /�����#�
��+����

E 19.7 /�����#�
��+����
 

A 

���/���!�"����"����%R�G3�2��-��������*���
*  70% EtOAc/Petrol  ��X� 5 spot -� UV-S �
* Rf 0.68 

0.45 0.28 0.20 ��� 0.15 �0��+��3�� A ���	��3�#��	�������"����"�����%R�22B���#�  

"#	-���������*���
*�
�� 50% EtOAc/Hexane �&�*�/���#��	 EtOAc ��60� 100% EtOAc �����&�*�/���#��	 MeOH 

��60� 100% MeOH �����6�	����$#� 6 �3�� #����#�-�������
* 2  
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������
* 2 �3���3�� { �
*$#��������	��3�� A #��	�������"����"����%R�22B���#� 

�3�� ��+����� (���������) ���1[������	W�& 

A1 9.6 /�����#�
��+����

A2 10.7 /�����#�
��+����������

A3 2.1 /�����#�
������

A4 11.8 /�����#�
������ 

A5 32.7 /�����#�
������

A6 98.7 /�����#�
��+����
 

A1 

���/���!�"����"����%R�G3�2��-��������*���
*  70% EtOAc/Hexane  ��X� 2 spot -� UV-S �
* Rf 

0.80 ��� 0.60 �0��+��3�� A1 ���	��3�#��	"����"�����%R�G3����  "#	-���������*���
*�
�� 2% 

MeOH/CH2Cl2 (6 ��2) �����6�	����$#� 1 �3�� ���  A1A (1.4 ���������) 

���/���!�"����"����%R�G3�2��-��������*���
*  70% EtOAc/Hexane ��X� 1 spot -� UV-S �
* Rf 0.60 

���*��+�$
2���0�/���!� 300 MHz 1H NMR &2�3��
������#
	���2 AT2 �
*�	�$#�����3�� B2A 
 

A2 

���/���!�"����"����%R�G3�2��-��������*���
*  70% EtOAc/Hexane  ��X��
�����	��-� UV-S 

�������

����[���	 �0�$�3�+����.0�1��3� 
 

A3 

���/���!�"����"����%R�G3�2��-��������*���
*  70% EtOAc/Hexane  ��X� 1 spot -� UV-S �
* Rf 

0.30 ���*��+�$
2���0�/���!� 300 MHz 1H NMR ���1[���,,�[��#��3��
�����2�����B�C -�������
�� AT1 

/[��
��	!3����3��������������"��������/����� 
 

A4 

���/���!�"����"����%R�G3�2��-��������*���
*  70% EtOAc/Hexane  ��X� 3 spot -� UV-S �
* Rf 

0.28 0.20 ��� 0.16 �0��+��3�� A4 ���	��3�#��	"����"�����%R�G3����  "#	-���������*���
*�
�� 2% 

MeOH/CH2Cl2 (7 ��2) �����6�	����$#� 2 �3�� #����#�-�������
* 3 
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������
* 3 �3���3�� { �
*$#��������	��3�� A4 #��	"����"�����%R�G3���� 

�3�� ��+����� (���������) ���1[������	W�& 

A4A 1.0 /���/X��
/��

A4B 2.4 /�����#�
������
 

A4A 

���/���!�"����"����%R�G3�2��-��������*���
*  70% EtOAc/Hexane  ��X�������� 1 spot -� UV-S 

�
* Rf 0.20 ���*��+�$
2���0�/���!� 300 MHz 1H NMR ���1[���,,�[��#��3����$�32�����B�C 

�������

����[���	 �0�$�3�+����.0�1��3�  
 

A4B 

���/���!�"����"����%R�G3�2��-��������*���
*  70% EtOAc/Hexane  ��X�������� 1 spot -� UV-S 

�
* Rf 0.16 ���*��+�$
2���0�/���!� 300 MHz 1H NMR ���1[���,,�[��#��3����$�32�����B�C 

������*���������

����[���	 �0�$�3�+����.0�1��3�  
 

A5 

���/���!�"����"����%R�G3�2��-��������*���
*  70% EtOAc/Hexane  ��X� 3 spot -� UV-S �
* Rf 

0.25 0.18 ��� 0.12 �0��+��3�� A5 ���	��3�#��	�������"����"�����%R�22B���#� "#	-���������*���
*�
�� 

70% EtOAc/Hexane �&�*�/���#��	 EtOAc ��60� 100% EtOAc �����&�*�/���#��	 MeOH ��60� 50% MeOH/EtOAc 

�����6�	����$#� 5 �3�� #����#�-�������
* 4  
 

������
* 4 �3���3�� { �
*$#��������	��3�� A5 #��	�������"����"����%R�22B���#� 

�3�� ��+����� (���������) ���1[������	W�& 

A5A 3.0 /�����#�
������

A5B 2.1 /�����#�
������

A5C 10.2 /�����#�
������

A5D 13.2 /�����#�
������ 

A5E 3.3 /�����#�
������
 

A5A 

���/���!�"����"����%R�G3�2��-��������*���
*  70% EtOAc/Hexane (2 ��2)  -� UV-S 

��X�����
�����	��"#	�
������� 2 spot �
* Rf 0.85 ��� 0.65 ���*���������

����[���	 �0�$�3�+����.0�1��3�  
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A5B 

���/���!�"����"����%R�G3�2��-��������*���
*  70% EtOAc/Hexane (2 ��2)  -� UV-S 

��X�����
�����	��"#	�
������� 1 spot �
* Rf 0.25 ���*���������

����[���	 �0�$�3�+����.0�1��3� 
 

A5C 

���/���!�"����"����%R�G3�2��-��������*���
*  70% EtOAc/Hexane (2 ��2)  -� UV-S 

��X�����
�����	��"#	�
������� 2 spot �
* Rf 0.60 ��� 0.25   ���*���������

����[���	 

�0�$�3�+����.0�1��3� 
 

A5D 

���/���!�"����"����%R�G3�2��-��������*���
*  70% EtOAc/Hexane (2 ��2)  -� UV-S 

��X�����
�����	��"#	�
������� 3 spot �
* Rf 0.85 0.60 ��� 0.25 ���*���������

����[���	 

�0�$�3�+����.0�1��3� 
 

A5E 

���/���!�"����"����%R�G3�2��-��������*���
*  70% EtOAc/Hexane (2 ��2)  -� UV-S 

��X�����
�����	��  ���*���������

����[���	 �0�$�3�+����.0�1��3� 
 

A6 

���/���!�"����"����%R�G3�2��-��������*���
*  70% EtOAc/Hexane  -� UV-S ��X�����	!3�
* 

baseline  ���*��+�$
2���0�/���!� 300 MHz 1H NMR ���1[���,,�[�3��-�,3
�����
*�����!�  

�0�$�3�+����.0�1��3� 
 

B 

���/���!�"����"����%R�G3�2��-��������*���
*  70% EtOAc/Petrol  ��X� 3 spot -� UV-S �
* Rf 0.68 

0.45 ��� 0.20 �0��+��3�� B ���	��3�#��	�������"����"�����%R�22B���#�  "#	-���������*���
*�
�� 30% 

Acetone/Petrol �&�*�/���#��	 Acetone ��60� 100% Acetone �����&�*�/���#��	 MeOH ��60� 50% MeOH/Acetone 

�����6�	����$#� 6 �3�� #����#�-�������
* 5  
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������
* 5 �3���3�� { �
*$#��������	��3�� B #��	�������"����"����%R�22B���#� 

�3�� ��+����� (���������) ���1[������	W�& 

B1 4.0 /�����#�
��+����

B2 129.4 /�����#�
������G��/���/X��
/�� 

B3 24.0 /�����#�
������ 

B4 21.2 /�����#�
������ 

B5 33.7 /�����#�
������

B6 124.6 /�����#�
��+����
 

B1 

���/���!�"����"����%R�G3�2��-��������*���
*  50% EtOAc/Petrol ��X�������� 2 spot -� UV-S �
* 

Rf 0.80 ��� 0.71 ���*��+�$
2���0�/���!� 300 MHz 1H NMR ���1[���,,�[�3��-�,3
�����
*�����!�  

�������

����[���	 �0�$�3�+����.0�1��3� 
 

B2 

���/���!�"����"����%R�G3�2��-��������*���
*  50% EtOAc/Petrol ��X�������� 1 spot -� UV-S �
* 

Rf 0.52 �0��+����	��3�#��	�������"����"�����%R�22B���#�  "#	-���������*���
*�
�� 20% EtOAc/Petrol 

�&�*�/���#��	 EtOAc ��60� 100% EtOAc �����&�*�/���#��	 MeOH ��60� 100% MeOH �����6�	����$#� 3 �3�� 

#����#�-�������
* 6  
 

������
* 6 �3���3�� { �
*$#��������	��3�� B2 #��	�������"����"����%R�22B���#� 

�3�� ��+����� (���������) ���1[������	W�& 

B2A 75.1 /���/X��
/��

B2B 26.2 /���/X��
�������3�� 

B2C 20.3 /�����#�
��+���� 
 

B2A 

���/���!�"����"����%R�G3�2��-��������*���
*  50% EtOAc/Petrol  ��X� 1 spot -� UV-S �
* Rf 0.52 

���*��+�$
2���0�/���!� 300 MHz 1H NMR ���1[���,,�[��#��3��
�����2�����B�C -�������
�� AT2 

���������������"��������/�����&2�3� AT2 ��� �,�-dehydrocurvularin [9] "#	�
/���!� 1H ��� 13C NMR 

#����#�-�������
* 7 
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O

O

O

HO

OH
�,�-dehydrocurvularin

CH3

(AT2)

1

4

8
13

15
6

      ������
* 7 /���!� 300 MHz 1H ��� 75 MHz 13C NMR /�� �
��-dehydrocurvularin (AT2) -� CDCl3 

Position
1H

	 (multiplicity, J, Hz) 

13C
	 (multiplicity) 

1 4.09 (d, 17.7)     42.8 (CH2)
 3.62 (d, 17.7)  

2           -   170.9 (C) 
4 4.79-4.68 (m)     72.0 (CH) 
5 1.93-1.81 (m)     33.8 (CH2)
 1.70-1.56 (m)  

6 2.03-1.94 (m)     24.0 (CH2)
 1.74-1.65 (m) 

7 2.50-2.28 (m)     32.2 (CH2)
8 6.58 (ddd, 15.4, 8.6, 4.9)   148.7 (CH) 
9 6.79 (d, 15.4)   131.6 (CH) 

10 -   196.3 (C) 
11 -   114.7 (C) 

12-OH 12.35 (s)   165.1 (C) 
13 6.32 (d, 2.4)   102.0 (CH) 

14-OH 9.36 (s)   162.1 (C)
15 6.37 (d, 2.4)   112.8 (CH) 
16 -   138.6 (C) 
17 0.91 (t, 6.9)     13.9 (CH3)

 

B2B 

���/���!�"����"����%R�G3�2��-��������*���
*  50% EtOAc/Petrol  ��X�������� 1 spot -� UV-S �
* 

Rf 0.52 �����X��������
� 2 spot �
* Rf 0.45 ��� 0.30 ���*������������/��  B2B ����	��2�������/�� B2A 

�0�$�3�+����.0�1��3� 
 

B2C 

���/���!�"����"����%R�G3�2��-��������*���
*  50% EtOAc/Petrol  ��X���� 4 spot -� UV-S �
* Rf 

0.52 0.45 0.30 ��� 0.10 ���*������������/��  B2C ����	��2�������/�� B2A �0�$�3�+����.0�1��3� 
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B3 

���/���!�"����"����%R�G3�2��-��������*���
*  50% EtOAc/Petrol ��X� 3 spot -� UV-S �
* Rf 0.52 

0.45 ��� 0.30 �0��+��3�� B3 ���	��3�#��	"����"�����%R�G3����  "#	-���������*���
*�
�� 40% 

EtOAc/Petrol (6 ��2) �����6�	����$#� 3 �3�� #����#�-�������
* 8 
 

������
* 8 �3���3�� { �
*$#��������	��3�� B3 #��	"����"�����%R�G3���� 

�3�� ��+����� (���������) ���1[������	W�& 

B3A 5.5 /�����#-�$�3�
�


B3B 1.3 /�����#-�$�3�
�
 

B3C 3.6 /�����#-�$�3�
�

 

B3A 

���/���!�"����"����%R�G3�2��-��������*���
*  50% EtOAc/Petrol  ��X���� 1 spot -� UV-S �
* Rf 

0.52 ���*��+�$
2���0�/���!� 300 MHz 1H NMR &2�3�
������,,�[/�� AT2 �0�$�3�+����.0�1��3� 
 

B3B 

���/���!�"����"����%R�G3�2��-��������*���
*  50% EtOAc/Petrol  ��X���� 1 spot -� UV-S �
* Rf 

0.45 ���*��+�$
2���0�/���!� 300 MHz 1H NMR &2�3�
������,,�[�
*�3���-� ��3���*���������

����[���	 

�0�$�3�+����.0�1��3� 
 

B3C 

���/���!�"����"����%R�G3�2��-��������*���
*  50% EtOAc/Petrol  ��X���� 1 spot -� UV-S �
* Rf 

0.30 ���*��+�$
2���0�/���!� 300 MHz 1H NMR &2�3�
������,,�[�
*�3���-� ��3���*���������

����[���	 

�0�$�3�+����.0�1��3� 
 

B4 

���/���!�"����"����%R�G3�2��-��������*���
*  50% EtOAc/Petrol ��X� 2 spot -� UV-S �
* Rf 0.52 

��� 0.18 �0��+��3�� B4 ���	��3�#��	"����"�����%R�G3����  "#	-���������*���
*�
�� 50% EtOAc/Petrol (7 

��2) �����6�	����$#� 2 �3�� #����#�-�������
* 9 
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������
* 9 �3���3�� { �
*$#��������	��3�� B4 #��	"����"�����%R�G3���� 

�3�� ��+����� (���������) ���1[������	W�& 

B4A 1.4 /�����#-�$�3�
�


B4B 4.0 /�����#-�$�3�
�

 

B4A 

���/���!�"����"����%R�G3�2��-��������*���
*  50% EtOAc/Petrol  ��X���� 1 spot -� UV-S �
* Rf 

0.52 ���*��+�$
2���0�/���!� 300 MHz 1H NMR &2�3�
������,,�[/�� AT2 �0�$�3�+����.0�1��3� 
 

B4B 

���/���!�"����"����%R�G3�2��-��������*���
*  50% EtOAc/Petrol  ��X���� 1 spot -� UV-S �
* Rf 

0.18 ���*��+�$
2���0�/���!� 300 MHz 1H NMR &2�3�
������,,�[�
*�3���-�  �
��/��G��/����� 2 ��� 

���*���������

����[���	 �0�$�3�+����.0�1��3� 
 

B5 

���/���!�"����"����%R�G3�2��-��������*���
*  50% EtOAc/Petrol  ��X� 1 spot �������
�����	�� 

-� UV-S �
* Rf 0.52  '0*��
�3� Rf �����2/�� AT2 �0�$�3�+����.0�1��3� 
 

B6 

���/���!�"����"����%R�G3�2��-��������*���
*  50% EtOAc/Petrol  ��X�����
�����	����� 

baseline -� UV-S �0�$�3�+����.0�1��3� 
 

C 

���/���!�"����"����%R�G3�2��-��������*���
*  70% EtOAc/Petrol ��X� 1 spot -� UV-S �
* Rf 0.68 

�0��+��3�� C ���+�-��2�����B�C#��	�����G�0� -���22����+�����	 EtOAc-Petrol 

�����6�	�/���/X��
/��$#� 80 ��������� ���*��+�$
2���0�/���!� 300 MHz 1H NMR 

���1[���,,�[��#��3��
�����2�����B�C -�������
�� AT3 ���������������"��������/�����&2�3� AT3 ��� 

5,6-dehydropestalotin [10]"#	�
/���!� 1H ��� 13C NMR #����#�-�������
* 10 
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O

H3CO

O

OH
CH3

5,6-dehydropestalotin
(AT3)

3

5
1' 4'

 
    ������
* 10 /���!� 300 MHz 1H ��� 75 MHz 13C NMR /�� 5,6-dehydropestalotin (AT3) -� acetone-d6 

Position
1H

	 (multiplicity, J, Hz) 

13C
	 (multiplicity) 

2 - 171.2 (C) 
3 5.43 (d, 2.1)   88.2 (CH) 
4 - 164.3 (C) 
5 6.08 (dd, 2.1, 0.7)   98.6 (CH2)
6 - 166.2 (C) 
7 3.82 (t, 6.9)   55.9 (CH3)
1� 4.38 (dd, 7.8, 4.8)   70.8 (CH) 
2� 1.91-1.64 (m)   34.9 (CH2)
3� 1.46-1.30 (m)   22.4 (CH2)
4� 1.46-1.30 (m)   27.2 (CH2)
5� 0.91 (t, 6.9)   13.88 (CH3)

 

D 

���/���!�"����"����%R�G3�2��-��������*���
*  10% MeOH/CH2Cl2  ��X�������� 5 spot -� UV-S 

�
* Rf 0.77 0.66 0.61 0.45 ��� 0.35 �0��+��3�� D ���	��3�#��	�������"����"�����%R�22B���#�  

"#	-���������*���
*�
�� 3% MeOH/CH2Cl2 �&�*�/���#��	 MeOH ��60� 100% MeOH �����6�	����$#� 6 �3�� 

#����#�-�������
* 11  
 

������
* 11 �3���3�� { �
*$#��������	��3�� D #��	�������"����"����%R�22B���#� 

�3�� ��+����� (���������) ���1[������	W�& 

D1 160.0 /���/X��
/��
�������

D2 23.8 /�����#�
��+����

D3 5.8 /�����#�
��+����

D4 13.9 /�����#�
��+���� 

D5 12.5 /�����#�
��+����

D6 38.1 /�����#�
��+����
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D1 

���/���!�"����"����%R�G3�2��-��������*���
*  3% MeOH/CH2Cl2 (3 ��2) ��X�������� 1 spot -� 

UV-S �
* Rf 0.75 ���*��+�$
2���0�/���!� 300 MHz 1H NMR &2�3�
������,,�[/�� AT2 

�0�$�3�+����.0�1��3� 
 

D2 

���/���!�"����"����%R�G3�2��-��������*���
*  3% MeOH/CH2Cl2 (3 ��2) ��X�������� 4 spot -� 

UV-S �
* Rf 0.75 0.60 0.50 ��� 0.35 ���*��+��3�� D2 ���	��3�#��	�������"����"�����%R�22B���#�  

"#	-���������*���
*�
�� 3% MeOH/CH2Cl2 �&�*�/���#��	 MeOH ��60� 100% MeOH �����6�	����$#� 4 �3�� 

#����#�-�������
* 12  
 

������
* 12 �3���3�� { �
*$#��������	��3�� D2 #��	�������"����"����%R�22B���#� 

�3�� ��+����� (���������) ���1[������	W�& 

D2A 7.2 /���/X��
/��

D2B 3.8 /�����#�
��+�����3��

D2C 10.3 /�����#�
��+����

D2D 2.9 /�����#�
��+����
 

D2A 

���/���!�"����"����%R�G3�2��-��������*���
*  3% MeOH/CH2Cl2 (3 ��2) ��X�������� 1 spot -� 

UV-S �
* Rf 0.75 ���*��+�$
2���0�/���!� 300 MHz 1H NMR &2�3�
������,,�[/�� AT2 

�0�$�3�+����.0�1��3� 
 

D2B 

���/���!�"����"����%R�G3�2��-��������*���
*  3% MeOH/CH2Cl2 (3 ��2) ��X�������� 3 spot -� 

UV-S �
* Rf 0.75 0.35 ��� 0.28 ���*���������

����[���	 �0�$�3�+����.0�1��3� 
 

D2C  

���/���!�"����"����%R�G3�2��-��������*���
*  3% MeOH/CH2Cl2 (3 ��2) ��X�������� 1 spot -� 

UV-S �
* Rf 0.33 �0��+��3�� D2C ���	��3�#��	"����"�����%R�G3����  "#	-���������*���
*�
�� 3% 

MeOH/CH2Cl2 (9 ��2) �����6�	����$#� 1 �3�� ���  D2C1 (2.9 ���������) 

���/���!�"����"����%R�G3�2��-��������*���
*  3% MeOH/CH2Cl2 (3 ��2) ��X� 1 spot -� UV-S �
* Rf 0.33  
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���*��+�$
2���0�/���!� 300 MHz 1H NMR &2�3����$�32�����B�C ������*���������

����[���	 

�0�$�3�+����.0�1��3� 
 

D2D 

 ���/���!�"����"����%R�G3�2��-��������*���
*  3% MeOH/CH2Cl2 (3 ��2) ��X�������� 2 spot -� 

UV-S �
* Rf 0.28 ��� 0.20 ���*���������

����[���	 �0�$�3�+����.0�1��3� 
 

D3 

���/���!�"����"����%R�G3�2��-��������*���
*  3% MeOH/CH2Cl2 (3 ��2) ��X�������� 3 spot -� 

UV-S �
* Rf 0.72 0.40 ��� 0.26 �0��+��3�� D3 ���	��3�#��	"����"�����%R�G3����  "#	-���������*���
*�
�� 

3% MeOH/CH2Cl2 (9 ��2) �����6�	����$#� 2 �3�� #����#�-�������
* 13 
 

������
* 13 �3���3�� { �
*$#��������	��3�� D3 #��	"����"�����%R�G3���� 

�3�� ��+����� (���������) ���1[������	W�& 

D3A 1.2 /�����#-�$�3�
�


D3B 0.5 /�����#-��
�������3��
 

D3A 

���/���!�"����"����%R�G3�2��-��������*���
*  3% MeOH/CH2Cl2 (5 ��2) ��X���� 1 spot -� UV-

S �
* Rf 0.32 ���*��+�$
2���0�/���!� 300 MHz 1H NMR ���*��+�$
2���0�/���!� 300 MHz 1H NMR 

&2�3����$�32�����B�C ������*���������

����[���	 �0�$�3�+����.0�1��3� 
 

D3B 

���/���!�"����"����%R�G3�2��-��������*���
*  3% MeOH/CH2Cl2 (5 ��2) ��X���� 1 spot -� UV-

S �
* Rf 0.25 ���*��+�$
2���0�/���!� 300 MHz 1H NMR ���*��+�$
2���0�/���!� 300 MHz 1H NMR 

&2�3����$�32�����B�C ������*���������

����[���	 �0�$�3�+����.0�1��3� 
 

D4 

 ���/���!�"����"����%R�G3�2��-��������*���
*  3% MeOH/CH2Cl2 (3 ��2) ��X�������� 2 spot -� 

UV-S �
* Rf 0.22 ��� 0.17 ���*���������

����[���	 �0�$�3�+����.0�1��3� 
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D5 

 ���/���!�"����"����%R�G3�2��-��������*���
*  3% MeOH/CH2Cl2 (3 ��2) ��X�������� 1 spot 

-� UV-S �
* Rf 0.09 �0��+����	��3�#��	"���"����%R�G3���� "#	-���������*���
*�
�� 10% MeOH/CH2Cl2 

�����6�	����$#� 1 �3�� ���  D5A (4.2 ���������) ���/���!�"����"����%R�G3�2��-��������*���
*  10% 

MeOH/CH2Cl2 ��X� 1 spot -� UV-S �
* Rf 0.75  ���*��+�$
2���0�/���!� 300 MHz 1H NMR 

���1[���,,�[��#��3��
�����2�����B�C -�������
�� AT4 /[��
��	!3����3��������������"��������/����� 
 

D6 

���/���!�"����"����%R�G3�2��-��������*���
*  50% EtOAc/Petrol  ��X�����
�����	����� 

baseline -� UV-S �0�$�3�+����.0�1��3� 
 

E 

���/���!�"����"����%R�G3�2��-��������*���
*  70% EtOAc/Petrol  ��X�����
�����	�� -� UV-S 

���*���������

����[���	 �0�$�3�+����.0�1��3�  
 

���*J�������	- 

 �����6�	�����
����2������
/���3����+���
�	��������#�� A. terreus PSU-RSPG187 $#�������# 4 

��� /[��
����2"������������ 2 ��� ��� �
��-dehydrocurvularin (AT2) ��� 5,6-dehydropestalotin ��� 

(AT3) ����	!3����3��������������"�������� 2 ��� (AT1 ��� AT4) 

�	����	��-	�- 

1. Springer, J. P., Dorner, J. W., Cole, R. J. and Cox, R. H. Terretonin, a toxic compound from Aspergillus 

terreus. J. Org. Chem., 1979, 44, 4852-4854. 

2. Ling, K. H., Liou, H. H., Yang, C. M. and Yang, C. K. Isolation, chemical structure, acute toxicity, and 

some physicochemical properties of territrem C from Aspergillus terreus. Appl. Environ. Microbiol., 

1984, 47, 98-100. 

3. Nomoto, K., Mizukawa, K., Kato, Y., Kubo, M., Kamiki, T. and Inamori, Y. (1984) Chemical structure 

of a new metabolite isolated from the mycelium of Aspergillus terreus var. aureus.  Chem. Pharm. Bull. 

(Tokyo), 1984, 32, 4213-4216. 

4. Parvatkar, R. R., D'Souza, C., Tripathi, A. and Naik, C. G. Aspernolides A and B, butenolides from a 

marine-derived fungus Aspergillus terreus, Phytochemistry, 2009, 70, 128-132. 
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5. Albers-Schonberg, G., Joshua, H., Lopez, M. B., Hensens, O. D., Springer, J. P., Chen, J., Ostrove, S., 

Hoffman, C. H., Alberts, A. W. and Patchett, A. A. Dihydromevinolin, a potent hypocholesterolemic 

metabolite produced by Aspergillus terreus. J. Antibiot. (Tokyo), 1981, 34, 507-512. 

6. Manzoni, M., Bergomi, S., Rollini, M. and Cavazzoni, V. Production of statins by filamentous fungi. 

Biotech. Lett., 1999, 21, 253-257. 

7. Zain, M. E., Awaad, A. S., Al-Jaber, N. A. and Maitland, D. J. New phenolic compounds with antifungal 

activity from Aspergillus terreus isolated from Desert soil. J. Saudi Chem. Soc., 2008, 12, 107-113. 

8. Cazar, M., Schmeda-Hirschmann, G. and Astudillo, L. Antimicrobial butyrolactone I derivatives from 

the Ecuadorian soil fungus Aspergillus terreus Thorn. var terreus. World J. Microbiol. Biotech., 2005, 

21, 1067-1075. 

9.  Vurro, M., Evidente, A., Andofi, A, Zonno, M. C., Giordano, F., Motta, A. Brefeldin A and �,�-

dehydrocurvularin, two phytotoxins from Alternaria zinniae, a biocontrol agent of Xanthium occidentale. 

Plant Science, 1998, 138, 67-79. 

10.  Ayer, W. A.; Trifonov, L. S.; Hutchison, L. J.; Chakravarty, P. Metabolites from a wood-inhabiting cup 

fungus, Urnula craterium. Nat. Prod. Lett., 2000, 14(6), 405-410. 
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�������	��#$�	���"���/�#"�- (Bouea oppositifolia) 
 

J$���������� : ��.����O�  ��5(�#� 

 

���
�   

��	� (Bouea oppositifolia) �	!3-���.� Anacadiaceae1 �
��$��	�����/��#�����!� 8-20 ���� 

&2-�
(�#�2W������������
	�-�����W��-��/��
����.$�	  ����������������&������ 

Bouea "#	-��Q��/���!� SciFinder &2�3�&�������
� �
G!�.0�1������� 1 ���# ��� ��
��� (Bouea 

macrophylla) �����6�	����$#� 2 ��� ��� 1,3,6-octatriene ��� bicyclo[3.1.1]hept-2-ene2 

 

 
                                                     

                                  1,3,6-Octatriene                                       Bicyclo[3.1.1]hept-2-ene  
 

 

��3	��$�3�
��	����������	��
*	���2����
����2������
 ���@�B�C����W������	�/����	� 

�������
��3�����#�	�2�������/��-2��	� 	����#�@�B�C��������!������-���#�2�3���-� 

(IC50 0.017 mg/ml) -��������	�
��0���-�.0�1�����
����2���
/��-2��	� "#	��#�3����

2�����B�C�
*�	�$#����-2��	� ����
�����-��3�����#�@�B�C��������!�������
*�3���-� 

 

���X�*�"�-��   

�&�*�.0�1�����
����2���
/��-2��	�   ���#��������2@�B�C��������!������/�����

2�����B�C 

 

������	-!�"J�������	-  

���#-2��	��������� 1 ��"����� #��	�������
������ 10 ���� �
������ 3 ��� �������

���������������	-������ ��$#��3�����#�	�2�������/��-2��	��
���1[��
��/�����#�


�/
	��/��
�#+� ���� 119 ���� ��������+�������	#��	����B��'
��# ��$#��3���
*$�3����	����B��

'
��# ���� 35.4 ����  �	��3�#��	�������"����"�����%R�
*�
����	!3��2�
*�
�� Sephadex LH-20 

"#	��#��	 100% MeOH �	����$#� 4 �3�� #��������
* 1 
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����-��� 1 �3���3��{ �
*$#��������	��3�����#�	�2�3�����#�	�2�������/��-2��	��
*$�3                         

����	-� EtOAc #��	�������"����"����%R �
*�
����	!3��2�
*�
�� Sephadex LH-20   
 

���� ��
����� (���#) ���\Q"��-���O�( 

B1 2.29 /���/X��
�/
	��/��
�#+� 

B2 15.18 /���/X��
�/
	��/��
�#+� 

B3 12.69 /���/X��
�/
	��/��
�#+� 

B4 0.77 /���/X��
�/
	��/��
�#+� 
 

B1 !�" B2 

 "����"����%R�G3�2���22 reverse phase-��������*���
* 50% MeOH/H2O -� UV-S 

��#�����	�$�3��#��� ���*��+�$
2���0�/���!� 1H NMR spectrum &2�3�$�3
������,,�[/��"�

��%���������"������"
���� �0�$�3�+����.0�1��3� 
 

B3 

 ���"����"����%R�G3�2���22 reverse phase-��������*���
* 50% MeOH/H2O -� UV-S 

��X�������� 5 spot �
* Rf 0.38, 0.52, 0.62, 0.78 ��� 0.89 �23��� 920 ��������� �+�$
�	��3�#��	

�������"����"����%R�
*�
����	!3��2�
*�
�� reverse phase silica gel "#	-��������
�� 40% 

MeOH/H2O �#/��������*�	{�������*�60� 100% MeOH �	����$#� 4 �3�� #����#�-�������
* 2 
 

 ����-��� 2  �3���3��{�
*$#��������	� B3 #��	�������"����"����%R�
*�
����	!3��2�
*�
�� reverse  

phase silica gel 
 

���� ����" ��
�����  

(#�������#) 

���\Q"��-���O�( 

B301 40% MeOH/H2O 429.0 /�����#�
�/
	��/�� 

B302 40% MeOH/H2O 176.5 /���/X��
��+���� 

B303 40% MeOH/H2O 198.5 /���/X��
��+���� 

B304 50% MeOH/H2O – 100% MeOH 112.2 /�����#�
�/
	��/�� 
 

B301 !�" B304  

���"����"����%R�G3�2���22 reverse phase-��������*���
* 40% MeOH/H2O -� UV-S 

$�3��X� spot ��� ���*��+�$
2���0�/���!� 1H NMR spectrum &2�3�$�3
������,,�[/��"���%����

�����"������"
���� �0�$�3�+����.0�1��3� 
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B302 

 ���"����"����%R�G3�2���22 reverse phase-��������*���
* 40% MeOH/H2O -� UV-S 

��X�������� 1 spot �
* Rf 0.56 �0��	��3�#��	�������"����"����%R�
*�
����	!3��2�
*�
�� reverse 

phase silica gel "#	-��������
�� 30% MeOH/H2O �#/��������*�	{�������*�60� 100% MeOH �	�

���$#� 3 �3��#����#�-�������
* 3 
 

����-��� 3 �3���3��{�
*$#��������	� B302 #��	�������"����"����%R�
*�
����	!3��2�
*�
�� reverse   

                 phase silica gel 
 

���� ����" ��
����� 

(#�������#) 

���\Q"��-���O�( 

B302A 30% MeOH/H2O – 100% MeOH 47.1 /�����#�
��+�����/�� 

B302B 30-40% MeOH/H2O 97.5 /���/X��
��+���� 

B302C 50% MeOH/H2O  22.6 /�����#�
�/
	��/�� 
 

B302A !�" B302C 

 ���"����"����%R�G3�2���22 reverse phase-��������*���
* 30% MeOH/H2O -� UV-S 

��X��
�����	�� �+�$
2���0�/���!� 1H NMR spectrum &2�3�$�3
������,,�[/��"���%����

�����"������"
���� �0�$�3�+����.0�1��3� 
 

B302B 

 ���"����"����%R�G3�2���22 reverse phase-��������*���
* 30% MeOH/H2O -� UV-S 

��X���� 1 spot �
* Rf 0.40 �+�$
2���0�/���!� 1H NMR spectrum &2�3��
�����2�����B�C -�������
�� 

BO1  
 

UV
max (nm) (MeOH) (log��)���   221 (4.46), 274 (4.12) 

FTIR (neat):� (cm-1)    3296 (O-H stretching)  

           1694 (C=O stretching) 

          1456 (C=C stretching) 
1H NMR (CD3OD) (	 ppm) (300 MHz):  7.15 (s, 2H), 3.85 (s, 3H) 
13C NMR (CD3OD) (	 ppm) (75 MHz) :         167.89, 144.97, 144.97, 138.34, 

                                                                                  120.15, 109.21, 108.94, 51.24  

DEPT 135 o :  CH ;     109.21, 108.94 

                            CH3 ;                                         51.24     
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B303 

 ���"����"����%R�G3�2���22 reverse phase-��������*���
* 40% MeOH/H2O -� UV-S 

��X�������� 2 spot �
* Rf 0.37 ��� 0.54 �+�$
�	��
������#��	�������"����"����%R�
*�
����	!3��2

�
*�
�� reverse phase silica gel "#	-��������
�� 40% MeOH/H2O �#/��������*�	{�������*�60� 

100% MeOH �	����$#� 2 �3��#����#�-�������
* 4 
 

����-��� 4   �3���3��{�
*$#��������	� B303 #��	�������"����"����%R�
*�
����	!3��2�
*�
�� reverse 

phase silica gel 
 

���� ����" ��
����� 

(#�������#) 

���\Q"��-���O�( 

B303A 40% MeOH/H2O - 50% MeOH/H2O 47.1 /���/X��
�������/�� 

B303B 50% MeOH/H2O – 100% MeOH 23.7 /���/X��
������ 
 

B303A 

 ���"����"����%R�G3�2���22 reverse phase-��������*���
* 40% MeOH/H2O -� UV-S 

$�3��X�������� �
���1[��
�����	�� �0�$�3�+����.0�1��3� 
 

B303B 

 ���"����"����%R�G3�2���22 reverse phase-��������*���
* 40% MeOH/H2O -� UV-S 

��X���� 1 spot �
* Rf 0.38 �+�$
2���0�/���!� 1H NMR spectrum &2�3��
�����2�����B�C-�������
�� 

BO2 

 

UV
max (nm) (MeOH) (log��)���� 224 (4.58), 257 (4.38), 358 (4.31) 

FTIR (neat):� (cm-1)     3367 (O-H stretching)  

           1584 (C=O stretching) 

          1475 (C=C stretching) 
1H NMR (CD3OD) (	 ppm) (300 MHz):  6.97 (s, 1H), 5.33 (d, J = 1.5 Hz, 1H), 

4.24 (dd, J = 1.5, 3.3 Hz, 1H), 3.81 

(dd, J = 3.3, 9.3 Hz, 1H), 3.37 (t, J = 

9.6 Hz, 1H), 3.55 (dd, J = 9.6, 6.0 Hz, 

1H), 0.98 (d, J = 6.0 Hz, 3H) 
13C NMR (CD3OD) (	�ppm)(75 MHz) :          178.27, 164.42, 161.78, 158.04, 

157.11, 145.44, 136.48, 134.93, 
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120.59, 108.71, 108.25, 104.51, 

102.22, 98.42, 93.31, 71.99, 70.77, 

70.63, 70.49, 16.26   

DEPT 135 o :   CH ;  108.71, 108.25, 102.22, 98.42, 93.31, 

71.99, 70.77, 70.63, 70.49   

            CH3 ;                                                     16.26 
 

B304 

 ���"����"����%R�G3�2���22 Reverse phase-��������*���
* 40% MeOH/H2O -� UV-

S $�3��X�������� �
���1[��
�����	�� ���*��+�$
2���0�/���!� 1H NMR spectrum &2�3�$�3


������,,�[/��"���%���������"������"
���� �0�$�3�+����.0�1��3� 
 

B4 

 ���"����"����%R�G3�2���22 Reverse phase-��������*���
* 50% MeOH/H2O -� UV-

S ��X�������� 3 spot �
* Rf 0.48, 0.67 ��� 0.88 �+�$
2���0�/���!� 1H NMR spectrum &2�3�


������,,�[/�����������������2 B3 �0�$�3�+����.0�1��3� 
 

 

�����Q�!�"���*J� 

������������"��������/�����2�����B�C���� 2 ��� �+�$#�"#	��.�	/���!������
�"���"�


R "#	��&��/���!� 1D ��� 2D NMR ��
�"���"�
R 
 

BO1 

���/���!� UV ��#��62#!#�����
* 
max 221 ��� 274 nm ��#��3��
"��"�%����
*�
��

��22����!����� ���/���!� IR ��#��62���	�#/����!3 OH �
* 3296 cm-1 ��� C=O �
* 1694 cm-1 

 ���/���!� 1H NMR ��#���,,�[/�� aromatic proton �
*�
�� chemically equivalent ��� 

1 ��# "#	
�����
* 	 7.15 (brs, 2H) ���
������,,�[/�� methoxy proton �
* 	 3.85 (s, 3H)  

���/���!� 13C NMR ��#���,,�[/�� carbonyl carbon �+���� 1 carbon �
*	 167.89 ���

���/���!� DEPT ��#���,,�[/�� quaternary, methine ��� methyl carbon �+���� 4, 2 ��� 1 

carbon ����+�#�2  

���/���!� HMBC ��#� correlation /�� aromatic H-2 ��� H-4 (	 7.15) ��2 C-4 (	 

138.34), C-6 (	  109.21) ��� C-7 (	 167.89)  ��� methoxy proton ��#� correlation ��2 C-7 (	 

167.89)   
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���/���!�/���������
$#��3� BO1 �
"��������#����#� ������Q��/���!� SciFinder &2�3� 

BO1 �
������
*�
�����	���"�������������� ����
��*��3� gallic acid methyl ester3  

 

 

 

 

 

 

   ����-��� 5   /���!� NMR /�� BO1 -� CD3OD  

 

BO2 

���/���!� UV ��#��62#!#�����
* 
max 224, 257 ��� 358 nm ��#��3��
"��"�%����
*�
��

��22����!����� ���/���!� IR ��#��62���	�#/����!3 OH �
* 3367 cm-1��� C=O �
* 1584 cm-1 

'0*����/���!�/��������#��3��
�����
���W� flavone  

���/���!� 1H NMR ��#���,,�["
����/�� 1,3,4,5-tetrasubstituted benzene ring �
* 	 

6.97 (brs, H-2', 6') �����,,�[ aromatic proton �
� 2 ��,,�[ �
*	 6.37 (s, H-8) ��� 	 6.21 (s, 

H-6) �+�-�����2�3�"��������/�� flavones �
�� 3',4',5',5,7- pentahydroxyflavone �������
� 1H 

NMR 	����#���,,�[/����!3 methyl �
�� doublet �
* 	 0.98 (d, J = 6.0 Hz, 3H, H-6") ��� 

methine proton �
� 5 ��,,�[ �
*	 5.33 (d, J = 1.5 Hz, H-1"), 4.24 (dd, J = 1.5, 3.3 Hz, H-2"), 

3.81 (dd, J = 3.3, 9.3 Hz, H-3"), 3.37 (t, J = 9.6 Hz, H-4") ��� 3.55 (dd, J = 9.6, 6.0 Hz, H-5") '0*�

BO1 Gallic acid methyl ester 

Position 	H (mult, 

JHz) 

	C (C-Type) HMBC 

Correlation 

 	H (mult,  JHz) 	C  

1  120.15 (C)   121.4 (C) 

2 7.15 (brs) 108.94 (CH) C-4, C-6, C-7 7.04 (s) 110.0 (CH) 

3-OH  144.97 (C)   146.5 (C) 

4-OH  138.34 (C)   139.7 (C) 

5-OH  144.97 (C)   146.5 (C) 

6 

7 

8 

7.15 (brs) 

 

3.85 (s) 

109.21 (CH) 

167.89 (C) 

51.24 (CH3) 

C-2, C-4, C-7 

 

C-7 

7.04 (s) 

 

3.80 (s) 

110.0 (CH) 

167.5 (C) 

52.3 (CH3) 

HO

OH

HO
OCH3

O

1 7
8

3

5
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2

4
4a

6

8
8a

2'

6'

1''

3''

5''

��,,�[#����3���
����,,�["
����/����+�������"�� '0*� anomeric proton (H-1") 
����

��,,�[�
�� doublet #��	�3��!3��2��3���2 1.5 Hz �0��+�-�����2�3� ��+�������"���	!3-��!
/�� �-

form  

���/���!� HMBC &2�3� H-1" ��#� correlation ��2 C-3 (	 136.27) ��#��3���+�������

"���3��	!3��2��!3 OH 2� C-3 /�� 4-chromenone ��� aromatic H-2' ��� H-6' (	 6.97) ��#� 

correlation ��2 C-2 ��� C-4' �+�-�����2�3� 1,3,4,5-tetrasubstituted benzene ring �3��	!3��2 C-2 /�

��� 4-chromenone 

���/���!�/���������
$#��3� BO2 �
"��������#����#� ������Q��/���!� SciFinder &2�3� 

BO2 �
������
*�
�����	���"����������������� myricetin-3-�-rhamnoside4  
 

 

 

 

 

 

 

 

  ����-��� 6   /���!� NMR /�� BO2 -� CD3OD  
 

BO2 (CD3OD) Myricetin-3-�-rhamnoside 
Position 

	H (mult, J Hz)� 	C (C-Type)�

HMBC 

Correlation 	H (mult,  JHz)� 	C (C-Type)�

2  157.11 (C)   158.51 (C) 

3  134.93 (C)   136.34 (C) 

4  178.27 (C)   179.72 (C) 

4a  104.51 (C)   105.92 (C) 

5  161.78 (C)   163.21 (C) 

6 6.21 (s) 98.42 (CH) C-8, C-4a 6.33 (s) 99.84 (CH) 

7  164.42 (C)   165.88 (C) 

8 6.37 (s) 93.31 (CH) C-6, C-4a 6.49 (s) 94.74 (CH) 

8a  158.04 (C)   159.51 (C) 
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����-��� 6  (�3�) 

 

BO2 (CD3OD) Myricetin-3-�-rhamnoside 
Position 

	H (mult, J Hz)� 	C (C-Type)�

HMBC 

Correlation 	H (mult,  JHz)� 	C (C-Type)�

1'  120.59 (C)   121.99 (C) 

2' 6.97 (s) 108.25 (CH) C-2, C-4', C-6' 7.07 (s) 109.64 (CH) 

3'  145.44 (C)   146.86 (C) 

4'  136.48 (C)   137.90 (C) 

5'  145.44 (C)   146.86 (C) 

6' 6.97 (s) 108.71 (CH) C-2, C-2', C-4' 7.07 (s) 109.64 (CH) 

1"  5.33 (d, 1.5) 102.22 (CH) C-3, C-3", C-5"  5.44 (d, 1.5) 103.64 (CH) 

2" 4.24 (dd, 1.5, 3.3) 70.49 (CH) C-4" 4.35 (dd, 1.5, 3.3) 71.90 (CH) 

3" 3.81 (dd, 3.3, 9.3)� 70.77 (CH) C-1", C-5" 3.92 (dd, 3.3, 9.5)� 72.15 (CH) 

4" 3.37 (t, 9.6)� 71.99 (CH) C-2", C-6" 3.47 (t, 9.5)� 73.37 (CH) 

5" 3.55 (dd, 9.6, 6.0)� 70.63 (CH) C-1", C-3" 3.64 (dd, 9.5, 6.2)� 72.07 (CH) 

6" 0.98 (d, 6.0)� 16.26 (CH3) C-4" 1.08 (d, 6.2)� 17.67 (CH3) 

 
 

���*J�������	- 

���.0�1��	�����
����2������
���-2��	� �����6�	����2�����B�C$#��+���� 2 ���

��� gallic acid methyl ester ��� myricetin-3-�-rhamnoside  
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	-��*�"�	���-��#�������-#"#�� 

Chemical constituents from the twigs of Mangifera foetida Lour. 

J$���������� : J4.��. ����� *���	- 

 

���
� 

 ����# (Mangifera foetida Lour.) �
��$��	������
*�	!3-���.� Anacardiaceae �
��*�����, 

horse mango �
��*���*� ������#$�	 �����# ��# ���3��
(� (-��) ���� ����� ����~!�� (���	!-

���B����) !���-���(� &2���W��-�� ���1[����&@1.����� ��� $��	�����/��#����60�/��#

-�,3 �!�
����[ 8-40 ���� ��#��2�+���� 80-150 '�. �+�����
����������	�#�
��&�3�����02 ��*�

�3�����
�	�$�3�
�3����2�	����. �
�����+��������
������X#�
��+�������+� �
��������-��
��+����

�#� ���*��
2�#�G����
��+�	���
/��/�3�'0�������
����X# { �����$���
*��#��2�
�����
/��$�3��
	2

���1[��
�����*����	�� /� -2�#
*	������
	���
	����2�
�����3����
��	��*� �G3�-2����	�G3�

�����
�����*��/X����2 -2�!
�
����!
/�2/��������!
��� /��#-2����� 4-11 '�. 	�� 10-32 

'�. "��-2��2�2
�	� 
��	-2�
����*��!3 { -2&�3�������� �����-2���������
�	��
����� �����/��-2

�
 12-26 �!3 ��
	�"������/������ �����3������X�$�3��# ��������-2/0���
��������#�������-2 

����-2��2�
���3�����#���2� "������2�� ����-2	�� 2-5.5 '�. �	� �
/��#��X� �
��&!�����


����
���*�����	X� ���#���
���3�-�,3���
��	��*� ����	�3����3�� �3���0*� { 	�� 7-21 '�. �
��

#����2!�[��&. ����#���
�#��/����
2#�������
2���#���
�	3���� 5 ��
2 ��
2�����
2#��

�!
$/3 /��# 2-4 ��. �3����
2#���!
��� /��#����� 2.5 ��. 	�� 7-10 ��. �������G!��
 5 ��� -�

�+�����
��
���������G!�
��� 4 ��� �������G!�����
*������	!3����#
	���	����3��������G!�
��� ���$/3

��� /��#����� 1.8 ��. 	�� 2 ��. J� �!
$/3����!
/�2/��� ���1[��
��
����2
�	� { �������� 

/��#����� 7.5 '�. 	�� 10.5 '�. G���� �
����������/
	� W�	-��
���X# *�"%���� G�-��

��2
����� �����$��-���3����������+�#�������*���������*��-��$#�#
 (��X� �����������, 2523) 

 ��������2������Q��/���!� SciFinder Scholar &2�3�	��$�3�
�����	����������	��
*	���2

����
����2������
���@�B�C����
�W�&/����*�����# �������+��3�����#�	�2��'�"��/����*�

����#$
�#��2@�B�C��������!������ &2��#�@�B�C
������#��	�3� IC50 0.16 mg/mL (-�� 

DPPH�) ��*�����#�0��
�����3���-�-�����+���.0�1�����
����2������
���@�B�C��������!�

����� 
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���X�*�"�-��5	-%��-�������� 

1. �&�*��	�����
����2������
�����*�����# (Mangifera foetida Lour.) 

2. �&�*�.0�1�"��������/�����
����2�
*�	�$#������*�����# (Mangifera foetida Lour.) 

3. �&�*��#��2@�B�C��������!������/�����
����2�
*�	�$#� 

 

J�������	- 

�������+���*�����#����*��
��������X� { G0*���-������ ��+����� 3.4 ��"����� ���+�������#

#��	����+�����	��'�"�� �+���� 17 ���� �+���� 3 ����� $#��3�����#�	�2��'�"���
���1[��
��

/�����#�
��+���� ��+����� 53.16 ���� ����+�$
2���0�/���!� 1H NMR 300 MHz &2�3���
�����

�
*$#�
������[,�[/����"������ ���"���%����"
���� ���������������2#��	"����"�-

���%R�G3�2����
������#������	��#�
*�����6�����X�W�	-�����������$�"���� �0��
����

��-��
*���+����.0�1� ���*�����	��$�3�
��	������.0�1��
*��
*	���2����
����2������
�����*�

����# �+��3�����#�	�2��'�"��/����*�����#$
�	�#��	��B
�������"����"����%R�22��#��X� 

"#	-��'���������
������	!3��2�
* ���*����������#��	 100% �~��'� �&�*�/���#��	��'�"�� ��� ����-

��� ��60� 100% ������� �����6�	�$#� 9 �3�� �+��3���
* 4 ���+�����	��3�#��	��B
�������

"����"����%R�22B���#� �+���� 4 ����� ���#��	�����G�0� �����6�	����$#� �+���� 5 ��� 

��� XB1 �
���1[��
��/���/X��
/�� ���� 13.3 ��������� XB2 �
���1[��
��/���/X��
/�� ���� 

3.4 ��������� XB3 �
���1[��
��/���/X��
/�� ���� 8.2 ��������� XB4 �
���1[��
��/���/X��


/�� ���� 45.3 ��������� ��� XB5 �
���1[��
��/���/X��
/�� ���� 6.2 ��������� �+��3���
* 5 ��

�+������G�0�#��	����+�����	��'�"���3��~��'� $#� XB6 �
���1[��
��/���/X��
/�� ���� 

374.1 ��������� ����3���
*�
�� mother liquor /���3���
* 5 �+�����������2�3���
* 6 ��+����� 4.89 

���� �+�����	��3�#��	��B
�������"����"����%R�22B���#� �+���� 3 ����� ���#��	�����G�0� 

�����6�	����$#� �+���� 3 ��� ��� XB6 �
���1[��
��/���/X��
/�� ���� 117.2 ��������� XB7 

�
���1[��
��/�����#-�$�3�
�
 ���� 1.2 ��������� XB8 �
���1[��
��/���/X��
/�� ���� 31.7 

��������� 

 

�����Q�!�"���*J��������� 

 ������������"�������� XB1 XB4 XB5 XB6 ��� XB8 "#	��.�	/���!� 1D ��� 2D NMR 

'0*� XB1 ��� �-sitosterol (Klass, J., et al, 1992) XB4 ��� mangiferonic acid (Singh, C., et al., 

1977) XB5 ��� isomangiferolic acid (Anjaneyulu, V., et al., 1989) XB6 ��� mangiferolic acid (Sy, 

L.-K., et al., 1997) ��� XB8 ��� mangiferadiol (Kataro, T., et al., 1975) 
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XB4

XB6 XB5

XB1

HO
HH

H

O

H

H

CO2H

HO

H

H

CO2H

HO

H

H

CO2H

HO

H

H
XB8

OH

1

4
8

11

14
17

18

19

21
24

27

2829

30

 -��3��/�����
����2 XB2 ��� XB7 �+������G�/�� 1D ��� 2D NMR �&�*�-��-����

���������"���������3�$
 XB3 �	!3-�����3��������������"�������� 

����	�����
����2������
-��2�����B�C�����*�����# ��.�	/2������	���������	W�& 

"#	���*�����������	��'�"���������������	�
*$#��������+���*�����# �����##��	����+�

����	��'�"��-������W�	-������*������	����22�#����#�� ��$#��3�����#�	�2��'�"���
��

/�����#�
��+���� �+�$
�	�#��	��B
�������"����"����%R�22��#��X� "#	-��'���������
������	!3

��2�
* ���*����������#��	 100% �~��'� �&�*�/���#��	��'�"�� ��� ������� ��60� 100% ������� 

�����6�	�$#� 9 �3�� ��������+�����	�����
����2�
*�
-��3���
* 4 $
�+�����	�#��	��B
���

"����"����%R �����6�	����$#� �+���� 5 ��� ��� XB1 (�-sitosterol) XB2 XB3 XB4 

(mangiferonic acid) ��� XB5 (isomangiferolic acid) �3���
* 5 �+������G�0� �����6�	����$#� 

�+���� 1 ��� ��� XB6 (mangiferolic acid) �3��/�� mother liquor /���3���
* 5 ����3���
* 6 �+�

����	�#��	��B
���"��-��"����%R �����6�	����$#� �+���� 3 ��� ��� XB6 (mangiferolic 

acid) XB7 ��� XB8 (mangiferadiol) 
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����-��� 1 /���!� 1H ��� 13C ��
�����/�� XB4 -� CDCl3 

 

�+����3� �H (mult, JHz) �C (ppm) 

1 1.86, m, 1H 

1.57, m, 1H 

33.45 

2 2.71, td, 14.1, 6.6, 1H 

2.31, ddd, 14.1, 4.2, 2.7, 1H 

37.49 

3  216.50 

4  50.27 

5 1.71, dd, 12.3, 4.5, 1H 48.48 

6 1.55, m, 1H 

0.95, m, 1H 

21.54 

7 1.42, m, 1H 

1.14, m, 1H 

25.89 

8 1.59, m, 1H 47.90 

9  21.12 

10  26.04 

11 2.05, m, 2H 26.77 

12 1.67, m, 2H 32.86 

13  45.45 

14  48.81 

15 1.31, m, 2H 35.59 

16 1.88, m, 1H 

1.32, m, 1H 

28.18 

17 1.65, m, 1H 52.27 

18 1.00, s, 3H 18.15 

19 0.79, d, 4.2, 1H 

0.58, d, 4.2, 1H 

29.57 

20 1.32, m, 1H 36.00 

21 0.92, d, 6.3, 3H 18.15 

22 1.38, m, 2H 25.95 
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����-��� 1 (�3�) 
 

�+����3� �H (mult, JHz) �C (ppm) 

23 1.52, m, 2H 34.83 

24 6.91, td, 7.2, 1.2, 1H 145.71 

25  126.63 

26  172.67 

27 1.85, s, 3H 12.01 

28 1.04, s, 3H 22.23 

29 1.10, s, 3H 20.80 

30 0.91, s, 3H 19.34 

 

����-��� 2 /���!� 1H ��� 13C ��
�����/�� XB5 -� CDCl3 
 

�+����3� �H (mult, JHz) �C (ppm) 

1 1.99, m, 1H 

1.02, m, 1H 

27.47 

2 1.89, m, 1H 

1.29, m, 1H 

28.12 

3 3.48, brt, 3.0, 1H 77.18 

4  39.55 

5 1.82, m, 1H 41.08 

6 1.49, m, 1H 

1.10, m, 1H 

21.07 

7 1.64, m, 2H 28.58 

8 1.53, m, 1H 47.99 

9  19.84 

10  26.51 

11 2.06, m, 1H 

1.03, m, 1H 

26.29 
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����-��� 2 (�3�) 
 

�+����3� �H (mult, JHz) �C (ppm) 

12 1.63, m, 2H 32.92 

13  45.33 

14  48.93 

15 1.33, m, 2H 35.49 

16 1.30, m, 1H 

1.09, m, 1H 

25.91 

17 1.61, m, 1H 52.19 

18 0.90, s, 3H 19.28 

19 0.52, d, 3.9, 1H 

0.35, d, 3.9, 1H 

29.75 

20 1.29, m, 1H 35.98 

21 0.91, d, 5.4, 3H 17.99 

22 1.51, m, 2H 34.82 

23 1.35, m, 1H 

1.15, m, 1H 

25.64 

24 6.91, t, 6.6, 1H 145.69 

25  126.52 

26  172.39 

27 1.84, s, 3H 11.96 

28 0.88, s, 3H 21.22 

29 0.97, s, 3H 25.83 

30 0.99, s, 3H 18.11 
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����-��� 3 /���!� 1H ��� 13C ��
�����/�� XB6 -� pyridine-d5 
 

�+����3� �H (mult, JHz) �C (ppm) 

1 1.61, m, 1H 

1.28, m, 1H 

33.36 

2 2.01, m, 1H 

1.93, m, 1H 

32.14 

3 3.57, dd, 11.4, 4.8, 1H 78.92 

4  41.99 

5 1.37, m, 1H 48.36 

6 1.62, m, 1H 

0.83, m, 1H 

22.36 

7 1.91, m, 1H 

1.33, m, 1H 

29.29 

8 1.52, m, 1H 49.01 

9  27.46 

10  30.60 

11 2.01, m, 1H 

1.10, m, 1H 

27.56 

12 1.65, m, 2H 34.11 

13  46.47 

14  49.96 

15 1.34, m, 2H 36.69 

16 2.02, m, 1H 

1.65, m, 1H 

27.22 

17 1.67, m, 1H 53.41 

18 1.02, s, 3H 19.21 

19 0.56, d, 3.9, 1H 

0.33, d, 3.9, 1H 

30.84 

20 1.48, m, 1H 37.15 
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����-��� 3 (�3�) 
 

�+����3� �H (mult, JHz) �C (ppm) 

21 0.98, d, 6.6, 3H 19.24 

22 1.20, m, 2H 36.33 

23 2.32, m, 1H 

2.22, m, 1H 

26.86 

24 7.23, t, 7.5, 1H 143.42 

25  129.79 

26  171.57 

27 2.14, s, 3H 13.73 

28 1.26, s, 3H 27.09 

29 1.13, s, 3H 15.76 

30 0.96, s, 3H 20.43 

 

����-��� 4 /���!� 1H ��� 13C ��
�����/�� XB8 -� CDCl3 

 

�+����3� �H (mult, JHz) �C (ppm) 

1 1.53, m, 2H 31.97 

2 1.75, m, 2H 30.35 

3 3.28, dd, 11.1, 4.5, 1H 78.84 

4  40.48 

5 1.30, m, 1H 47.10 

6 1.59, m, 2H 21.12 

7 2.00, m, 1H 

1.63, m, 1H 

26.46 

8 1.51, m, 1H 47.98 

9  19.98 

10  26.07 
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����-��� 4 (�3�) 

 

�+����3� �H (mult, JHz) �C (ppm) 

11 2.08, m, 1H 

1.08, m, 1H 

26.01 

12 1.65, m, 2H 32.90 

13  45.30 

14  48.80 

15 1.28, m, 2H 35.56 

16 1.86, m, 1H 

1.29, m, 1H 

28.16 

17 1.64, m, 1H 52.27 

18 0.96, s, 3H 18.04 

19 0.55, d, 3.9, 1H 

0.33, d, 3.9, 1H 

29.90 

20 1.48, m, 1H 35.91 

21 0.89, d, 6.3, 3H 19.32 

22 1.12, m, 1H 

1.06, m, 1H 

35.98 

23 2.13, m, 2H 24.54 

24 5.40, t, 6.3, 1H 127.05 

25  134.29 

26 4.00, s, 2H 69.06 

27 1.67, s, 3H 13.65 

28 0.96, s, 3H 25.44 

29 0.81, s, 3H 14.01 

30 0.89, s, 3H 19.32 
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!J�-������"�
��������/��'���� 2  

1. �+�����	�����
����2�
*�
-��3��/�� mother liquor /���3���
* 5 ����3���
* 6 ���

-��3����*� { �
*�����-��2�����B�C 

2. ���������"��������/������
*�	�$#����� ��� XB3 �3�� XB2 ��� XB7 '0*�/[��
���

���2���0���,,�[ 1D ��� 2D NMR  

 

�	����	��-	�- 

1. ��X� �����������, ��*�&��[$����3�
����.$�	 (��*�&@�1.�����-��*�&��������), ���
(�$��, 

2523, 379. 

2. Anjaneyulu, V.; Ravi, K.; Harischandra Prasad, K.; Connolly, J. D. Triterpenoids from 

Mangifera indica. Phytochemistry 1989, 28, 1471-1477. 

3. Kataro, T.; Masako, T. Studies on constituents of medicinal plants. XIV. Constituents of 

Schizandra nigra Max. (I). Chem. Pharm Bull. 1975, 23, 538-842. 

4. Klass, J.; Tinto, W. F.; McLean, S.; Reynolds, W. F. Frideland triterpenoids from 

Peritassa compta: complete 1H and 13C assignments by 2D nmr spectroscopy. J. Nat. 

Prod. 1992, 55, 1626-1630. 

5. Singh, C.; Dev, S. Higher isoprenoids-V. Partial syntheses from cycloartenol, 

cyclolaudenol part 1: mangiferolic acid, ambolic acid. Tetrahedron. 1977, 33, 817-819. 

6. Sy, L.-K.; Saunders, R. M. K..; Brown, G.D. Phytochemistry of Illicium dunnianum and 

the systematic position of the Illiciaceac. Phytochemistry 1997, 44(6), 1099-1108. 

 

 

 



���!�� �
�!������ !�"q�Z�[��-���O�(5	-���	�%�&'������
���"�� 
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���
� 

      
����.$�	�
��
����.�
*�
���&	�����������
*��#���2!�[�"#	��&���,������'0*�

�
&����
*��3� 60 ����$�3 ���3�/���,�������
*-�,3�
*��# $#���3 ������#���� �
&����
*�,������ 17,500 

$�3 �,�������
�����3����&	����
*�+���,-���22����.��	�)���&������������
�����3������

/�������������3� &�	!� �����3��������� 	���
�����3���2W�	/���������+�/��#��X�����3�	


������&����
*��	�)��������*� ���&�	�1  

 �����"#$%���
���������
	��
*��.�	�	!3W�	-�������	���&��"#	$�3�3�-�����#"��2 �
��	������ 

.0�1������"#$%������-���3/������.���	��������������������������
	�3 &2�3������"#$%��

���&������$&��3�� { �����6G�����������������
	��
*�3���-��+�����������
�����3�/�����

���-��3 { #��	4-5,2,6 ��3��	������.0�1������"#$%������,������	���
���	���3,7 ���	��$�3�


��	������.0�1���������@�B�C����
�W�&/�������"#$%������,������ ����������3��
��0�����

�3��� ����+�$
�!3�����#����������"#$%���
*�
.��	W�&-�����������������������
	���������
*�


����
����2������
-��3 {$#�                                                                                                           

 

���X�*�"�-�� 

     1. �&�*��+���������#�	������"#$%������,���������������#����-���
�������2�����B�C     

     2. �&�*��#��2@�B�C�����������
	��������@�B�C��������!������/��������#�	�2�������������

"#$%�� 

     3. �+�������#�����"#$%���
*�
@�B�C����
�W�& 
 

J�������	- 

1.1 �����z����	���-�
���"�� !�"���!�����	�%�&'�� 

 �+������X2����	3���,������ 4 ���#$#���3 Enhalus acoroides, Cymodacea rotundata, 

Halodule ovalis ��� Thalassia herpridii (�!
�
* 1) 2����[�3����/�� ������#���� "#	��X2����	3��

����#��� ����2 1 
R ��� 12 ����� (���*�����#���������� 2551 – �#�����6���	� 2552) ����	�

�����"#$%������3���3�� { /���,������ $#���3 -2 �+���� ��� ��� �3������� �����6�	���

���"#$%��$#�������# 210 $�"'��� #��������
* 1 "#	��������3��-�,3�	�$#�����3��-2 
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                                           �!
�
* 1  ����	3���,�������
*�+����	������"#$%�� 
 

������
* 1 ����	3���,����������+���������"#$%���
*�	�$#�����3���3�� {/��&�� 
 

�+���������"#$%���
*�	�$#� (%) 
Seagrass species 

-2 ��� ����� ��� 

Enhalus acoroides 46 1 1 48 (22.9%) 

Thalassia hermpridii 68 5 3 76 (36.2%) 

Halodule ovalis 70 1 0 71 (33.8%) 

Cymodacea serrulata 13 0 0 13 (6.2%) 

Other seagrass 2 0 0 2(1.0%) 

��� 199 (94.8%)    7(3.3%)   4 (1.9%) 210 

 

1.2 ������	�q�Z�[��������������   

 �+�����������"#$%���
*��#�	�$#�����
�	�-������ PDB �
*��[�W!�������
������ 3 ��
#��� 

����+��3����+���
�	�������������-	��$
���#"#	��B
������
 $#��3�����#�	�2 3 �3�� $#���3 �3��

���#�	�2 ethyl acetate �����+���
�	�������� (BE), �3�����#�	�2 hexane ����3������-	�� (CH) 

����3�����#�	�2 ethyl acetate ����3������-	�� (CE) �+�������#�	�2�
*$#����#��2@�B�C

����     �������
	��2��������
*��#�2�����/��/�� 200 �g/ml "#	��B
 microbroth dilution ����+����

���#�
*-��G����	�2	������#��2���3������/��/���*+���#�
*�����6	�2	���������,/���������
	�$#� 

Enhalus acoroides

Thalassia hemprichii

Halophila ovalis 

Cymodocae serrulata 
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(MIC = Minimal Inhibitory Concentration) ��������/��/���*+���#�
*�����6w3�������������
	� 

(MBC = Minimal Bactericidal Concentration) "#	��B
 microbroth dilution  

 $#��+�����#��2@�B�C�2�������/��������#�	�2������# 602 ��� ��������"#$%�� 210 

isolates �
*�����/��/�� 200 �g/ml ��2������3�"�� $#���3 �2��
��
	����2�� (Staphylococcus  

aureus ATCC25923 ��� methicillin -resistant S. aureus (MRSA) SK1) �2��
��
	�����2 

(Escherichia coli  ATCC25922 ��� Pseudomonas  aeruginosa ATCC27853) 	
��� (Candida  

albicans ATCC90028, NCPF 3153, ��� Cryptococcus  neoformans ATCC90112, ATCC90113) 

����� (Microsporum gypseum SH-MU4 clinical isolate ��� Penicillium marneffei clinical 

isolate) G�#��������
* 2 &2�3�������#�3��-�,3�
@�B�C������ ��� 32.1% �
@�B�C����	
��� ��� 

25.9% �
@�B�C����M. gypseum ���/���� P. marneffei ������� ��� 22.9% �
@�B�C�����2��
��
	  

����2�� ����
�&
	� 3.5% �
*�����6	�2	����2��
��
	�����2$#�  
 

������
* 2 �3�����#��������"#$%������,�������
*�
@�B�C�����������
	� 
 

�+����������#�
*�
@�B�C�����������
	� (%) �3�����# 

�2��
��
	����2��a �2��
��
	�����2b 	
���c ��d 

BE (207) 45(21.7) 15(7.2) 67(32.4) 65(31.4) 

CE (197) 46(23.4) 4(2.0) 65(32.9) 47(23.8) 

CH (198) 47(23.7) 2(1.0) 61(30.8) 44(22.2) 

��� (602) 138(22.9) 21(3.5) 193(32.1) 156(25.9) 

 

BE= �3�����#�	�2 ethyl acetate �����+���
�	��������, CE= �3�����#�	�2 ethyl acetate ����3��

����-	��, CH= �3�����#�	�2 hexane ����3������-	�� 
aStaphylococcus  aureus  ATCC25923 ��� methicillin-resistant  Staphylococcus aureus (MRSA) 
bEscherichia coli  ATCC25922 ��� Pseudomonas  aeruginosa  ATCC27853 
cCandida  albicans ATCC90028, NCPF 3153 ��� Cryptococcus  neoformans ATCC90112,  

ATCC90113 
dMicrosporum gypseum SH-MU 4 clinical isolate ��� Penicillium marneffei clinical isolate  

 

 ���G�����#��� �����6��#�������������
*�

�����B�W�&#
���-���������������
	� 

(MIC < 10 �g/ml) G�#����#�-�������
* 3 "#	������#�
*�
@�B�C�����2��
��
	#
�
*��# ���������#

�	�2 ethyl acetate ����3������-	�� ES-73 (ES-73CE) �����6	�2	��� S. aureus ���������	&��B��

"#	-���3� MIC ��3���2 8 �g/ml ���������#�	�2 ES-172BE ��� ES-172CH -���3� MIC �3������ 
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S.  aureus  ATCC25923��3���2 8 �g/ml �+����2@�B�C�����2��
��
	�����2 E. coli &2�3�������# 

ES-4BE �
@�B�C
������ (MIC 32 �g/ml) �3��������#�
*�
@�B�C���� P. aeruginosa �
��������#�
*

�
@�B�C�*+� (MIC 200 �g/ml) �0�$�3$#���#�/���!�$��-�������
* 2  

 �+����2@�B�C������ &2�3�������#�	�2 ES-38CE, ES-8CE ��� ES-26CH 	�2	��� C. 

albicans -���3� MIC 1, 2 ��� 8 �g/ml  ����+�#�2 �3�� ES-73CE, ES-190CH, ES-43CH ��� ES-

26CH 	�2	��� C. neoformans -���3� MIC 1-4, 4, 8 ��� 8-16 �g/ml  ����+�#�2  �+����2@�B�C-����

��������� M. gypseum ���� &2�3� ES-26CH -���3� MIC 2 �g/ml ����3� MFC 16 �g/ml '0*�-�����
	�

��2	�����������Q�� miconazole �������
�������#CH ��� BE ����� ES-5 	�2	��� M. gypseum 

$#�#
������� (MIC/MFC 4/4 ��� 8/8 �g/ml  ����+�#�2) �+����2����� P. marneffei &2������# 

ES-49CE �
@�B�C
������ (MIC/MFC 16/64  �g/ml)   
 

1.3 ������	�q�Z�[����	��#$�	���" 

 ���*�����������#�
*$#��������&����
�	��������������X�-����������

����[����3����� 

2�����#-��������#���	���$�3&��+����2����#��2������# �0�$#��23�������#�
*�

����[���

&� ��� 115 ������# 
����2#��	 BE 83 ��� CE 24 ��� ��� CH 8 ��� ���������� 86 isolates 

���#��2@�B�C��������!������ "#	���*���������2@�B�C��������!� DPPH• (1,1-diphenyl-2-

picrylhydrazyl) �3�� ����
@�B�C�0��+�����#��2���������6-�����+���#����!� OH• (hydroxyl) 

��� superoxide anion G�����#��2 &2�3��
������# 14 ����
*-��G�2��-�����#��2 DPPH 

���*��+�������#���3��
�$
�#��2�3� &2�3��
������# 11  ��� 9 ����
*�����6�+���#����!� OH• 

��� superoxide $#� "#	������# ES109BE ��#�@�B�C��������!� DPPH•  #
�
*��#-���#�2#
 (IC50  

0.036 mg/ml)  ES109BE ��� ES187BE ��������!� OH• $#�-���#�2#
��� (IC50 0.62 ��� 0.69 

mg/ml '0*�-�����
	���2�3� IC50 /���������Q�� Tannin 0.5 mg/ml) ���������# ES187BE ��� 

ES200BE ��������!� superoxide anion -���#�2#
��� (IC50  0.22 ��� 0.32 mg/ml  -�����
	���2�3� 

IC50 /���������Q�� Trolox 0.3 mg/ml)  (������
* 4) 
 

1.4  ������	�q�Z�[��-���O�(	��� { 

 ������#2���3���
*�
 NMR profiles �
*�3���-� ����
������#���&��
*���3�$
�#��2

@�B�C����
�W�&��*� { $#���3 @�B�C�����������["�� (anti-TB) @�B�C����������
	 (anti-Pf) �����
��

&�1�3��'��� ���@�B�C�����'�������X������� MCF7 &2�3��
������# 5 ��� ��� ES43CE, ES44BE, 

ES73BE, ES73CE ��� ES163BE �
*��#�@�B�C����
�W�&���3��
��	3��-#�	3����0*� G�����#���

#��������
* 5 ��3������# 4 ����
��&�1�3��'��� 	����� ES163BE �
*$�3�
��&�1�3� Vero cell ��3

�����6	�2	����������,/���'�������X� KB ��� MCF7 $#� �
�3� IC50 20.25 ��� 46.67  �g/ml 

����+�#�2 
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������
* 3 �����"#$%���
*�
.��	W�&-�����������������������
	�#
�
*��# 

 

MIC/MBC ���� MFC (�g/ml) 

 

�������

���"#

$%�� 

���

���# 

SA MRSA EC PA CA1 CA2 CN1 CN2 MG PM 

ES-4 BE     32/>200               

ES-8 CE           2/>200         

ES-38 CE           1/>200         

ES-43 CH             8/16       

ES-73 CE 

8/ 

>200 

8/ 

>200         1/4 4/8     

ES-5 CH                 4/4   

ES-5 BE                 8/8   

ES-26 CH     8/128 8/128 16/>200 8/128 2/16  

ES-

172 BE 

8/ 

>200          

ES-

172 CE 

8/ 

>200          

ES-

190 CH       4/>200    

ES-49 CE          16/64 

 	�����Q�� 

Vancomycin 1/1 1/1         

Gentamicin   0.5/2 1/2       

Amphotericin B     

0.06/

0.25 

0.06/ 

0.25 0.13/2 0.13/2  ND 

Miconazole         1/16  

BE= �3�����#�	�2 ethyl acetate �����+���
�	��������,  CE= �3�����#�	�2 ethyl acetate ����3������-	��, CH= �3�����#�	�2 

hexane ����3������-	�� 

SA = Staphylococcus  aureus  ATCC25923 , MRSA = methicillin - resistant  Staphylococcus aureus , EC = Escherichia coli  

ATCC25922, PA = Pseudomonas  aeruginosa  ATCC27853 ,  CA1 = Candida  albicans ATCC90028 , CA2=Candida albicans 

NCPF 3153, CN1 = Cryptococcus  neoformans  ATCC90112, , CN2= Cryptococcus neoformans ATCC90113, MG = 

Microsporum gypseum SH-MU 4 clinical isolate   
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������
* 4 @�B�C��������!������/��������#��������"#$%������,������ 

 

Antioxidant activity (IC50 mg/ml) ����������"#$%�� ������# 

DPPH Hydroxyl radical Superoxide anion 

ES97 BE 0.15- 3.53- 2.1- 

ES104 BE 0.08+ 2.74- NA 

ES109 CE 0.064++ NA 0.93++ 

ES109 BE 0.036+++ 0.62++++ 1.51- 

ES122 BE 0.18- NA 1.54- 

ES129 BE 0.19- 0.80+++ NA 

ES140 BE 0.17- 1.72++ 0.74+++ 

ES141 BE 0.19- NA 0.52+++ 

ES150 BE 0.23- 4.02- NA 

ES156 BE 0.16- 4.15- NA 

ES163 BE 0.078+ 0.95+++ NA 

ES187 BE 0.17- 0.69++++ 0.22++++ 

ES197 BE 0.15- 1.56++ 0.65+++ 

ES200 BE 0.11+ 1.15+++ 0.32++++ 

Butylated hydroxyanisole (BHA) 0.02   

Tannin  0.5  

Trolox   0.3 

++++ = very good activity, +++ = good, ++ fair, + = weak, - = very weak, NA = no activity 
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������
* 5 @�B�C����
�W�&��*� {/��������#��������"#$%������,������ 

 

Cytotoxicity Anti-cancer  
Anti-TB Anti-Pf 

Vero cell KB MCF7 ������# 

MIC* IC50* IC50* IC50* IC50* 

ES43BE inactive inactive inactive ND inactive 

ES43CE 12.5 inactive 49.27 ND 27.27 

ES43CH inactive inactive inactive ND inactive 

ES44BE inactive inactive 26.06 ND 47.82 

ES44CE inactive inactive inactive ND inactive 

ES59BE inactive inactive inactive ND inactive 

ES64BE inactive inactive inactive ND inactive 

ES64CE inactive inactive inactive ND �����# 

ES64CH inactive inactive inactive ND inactive 

ES71BE inactive inactive inactive inactive inactive 

ES71CE inactive inactive inactive inactive inactive 

ES73BE inactive 3.27 11.3 ND 11.4 

ES73CE inactive inactive 17.86 ND 33.07 

ES83BE inactive inactive inactive inactive inactive 

ES83CE inactive inactive inactive inactive inactive 

ES163BE inactive inactive inactive 20.25 46.67 

ES163CE inactive inactive inactive inactive inactive 

ES163CH inactive inactive inactive inactive inactive 

* �g/ml 
 

1.5 ���4~�\�	-��*�"�	���-��#�����	-���5	-������� 

 ������.0�1� TLC "����"����� ��� H1 NMR ��
����� /��������#��������"#

$%������,������ �+���� 143 isolates &2�3��
������� 49 isolates �
*�
�����3���-� �����6��#

���3�$#� 3 ���3� #��������
* 6 '0*���������3��
�$#��+�����&����
�	�����-�,3 -��������
�	������%��

����� 300 ml ������� 50 %����� �&�*�������#������.0�1�����
����2������
�3�$
 �3��������
*

������+���� 94 isolates �
 TLC "����"����� ��� H1 NMR ��
������
*$�3�3���-� (������
* 7)
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���	��&2�3������2�����3� ��3� ���3� 1, 2 ��� 3 �
��������
�� mellein, p-hydroxy benzoic acid 

��� tyrosol ����+�#�2 
 

������
* 6 ����������"#$%������,�������
*�
 TLC "����"����� ��� H1 NMR ��
�����

�3���-����$#��+�����&����
�	�����-�,3�&�*�������#��� 

 

���3�* ����������� 

(PSU-ES) 

H1 NMR ��
����� TLC "����"����� ���	���� 

(��������
*�
H1 

NMR ��
����� 

���������) 

1 44, 45, 59, 64, 71, 83, 

109, 113, 122, 123, 124, 

161, 162, 163, 167, 180, 

182, 187, 194 

�
��,,�[/�� aromatic 

��� olefinic proton 

�	3����#��� 

�
���	 spot ����-� UV 

��� anisaldehyde ����


����	����/������	3��

��#��� 

ES161=ES162 

2 91, 111, 138, 139, 148, 

151, 152, 156, 157, 159, 

164, 165, 169, 174, 185, 

191, 197, 199, 200, 208, 

209, 210 

�
��,,�[/�� aromatic 

��� olefinic proton 

�	3����#��� 

�
���	 spot ����-� UV 

��� anisaldehyde ��3$�3

#
��3�-����3��
* 1 

ES152=ES156 

ES157=ES164 

ES199=ES210 

3 97, 104, 106, 141, 150 �
��,,�[/�� aromatic 

��� olefinic proton $�3

�3�	��#��� 

�
 3-4 spots -� UV ��3

$�3&2-� anisaldehyde 

- 

*�������-����3��#
	���� �
 H1 NMR ��
����� $�3��������� 	�����2�������3����� 
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������
* 7 ����������"#$%������,�������
*�
 TLC "����"����� ��� H1 NMR ��
�����

�3���-����	  
 

���3�* ����������� 

(PSU-ES) 

H1 NMR ��
�����/ 

 TLC "����"�����/ 

������� 

1 36, 65, 116, 153 �
 mellein �
��������� 

2 79, 85, 99, 103, 125, 126, 132, 133, 134, 155, 172� 

203 

�
��������
�� p-hydroxy 

benzoic acid 

3 57, 78, 82, 96, 98, 100, 105, 115, 117, 120, 136, 145, 

149, 154, 170, 177, 179, 183, 188, 195 

�
 tyrosol �
��������� 

4 55, 76, 112, 119, 121, 129, 166, 176, 184, 190, 193, 

196 

��,,�[�3��-�,3
�����
*

�����!� �
��,,�[/�� 

aromatic ��� olefinic proton 

2��� ��3$�3��#��� 

TLC "����"������
 2-3 

spots 

5 3, 37, 81, 89, 92, 94, 102, 114, 128, 131, 135, 140, 

147, 158, 160, 171, 173, 181, 186, 189, 202 

��,,�[�3��-�,3
�����
*

�����!� 

TLC "����"������
 2-3 

spots 

6 61, 86, 88, 90, 101, 108, 110, 117, 118, 130, 142, 143, 

144, 146, 155, 168, 178, 192, 198, 201, 204, 205, 206, 

207 

$�3�
��,,�[/�� aromatic 

��� olefinic proton 

  



83 

1.6 ����
�!���������	�%�&'������
���"�� 

 �������������"#$%���
*�	�$#�����,������������# 210 isolates &2�3��
�&
	� 51 isolates 

�
*������
��� ��������6��#�+����$#�-���#�2�
��� ��� 8 �
��� (������
* 8) "#	�
�������-��
��� 

Cladosporium 14 isolates ������� $#���3 Penicillium 12 isolates, Curvularia ��� Fusarium 

�	3���� 6 isolates,  Nigrospora ��� Trichoderma �	3���� 5 isolates 

 �+����2������
*$�3������
��� $#���#������� 140 isolates �&�*��+�������#"#	��B
����
�

"������ "#	.0�1��3�� ITS (internal transcribed spacer) region $#��+�������# DNA �&�*�
����[ 

DNA #��	��B
PCR ����3�$
���+�#�2�2� "#	�+�$
$#� 135 isolates (�
� 5 isolates &2�3��������	) 

/[��
��	!3����3��������������/���!� 

 ��������
*�
.��	W�&-�����������������������
	�-�������
* 3 �
�&
	� 3 isolates �
*�����

�
��� $#���3 ES4, ES5 ��� ES8 '0*��+����$#��
�� Aspergillus, Nigrospora ��� Trichoderma 

����+�#�2 �+����2������
*�����'0*�	��$�3�����6�+�������#$#� ������G����.0�1����#����
�

"������ 

 �+����2��������
*�
.��	W�&-��������������������!������#
�
*��# $#���3 ES109, ES187 

��� ES200 $�3������
��� �0�	��$�3�����6�+�������#$#� ������G����.0�1����#����
�"������ 
 

������
* 8 ����������"#$%���
*�	�$#�����,�������+�������#������1[������[Q�����	� 

 

�
��� �+���� ����������� 

(PSU-ES) 

Aspergillus 1 4 

Pestalotiopsis 2 19, 180 

Nigrospora 5 5, 89, 114, 136, 154 

Trichoderma 5 1, 8, 14, 18, 38 

Curvularia 6 25, 45, 58, 59, 71, 72 

Fusarium 6 48, 84, 85, 137, 177, 183 

Penicillium 12 2, 3 , 13, 16, 17, 36, 113, 118, 123, 126, 138, 153 

Cladosporium 14 37, 40, 47, 53, 54, 65, 77, 80, 81, 82, 102, 125, 132, 134 
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�����Q�!�"���*J� 

       ���G�����#��2@�B�C����/��������#�	�2������# 602 ��� ��������"#$%�� 210 

isolates �����6��#��������
*�
.��	W�&-���������������
	�$#�#
��� (MIC < 10 �g/ml)  8 isolates 

��� ES-5 (Nigrospora sp.), ES-8 (Trichoderma sp.), ES-26, ES-38, ES-43, ES-73, ES-172 ��� 

ES-190 isolates ��������"#$%���
*�
.��	W�&-��������������������!������ 3 isolates $#���3 

ES109, ES187 ��� ES200 ���	���
������#��������"#$%�� ES163 �
*$�3�
��&�1�3��'��� ��3

�����6	�2	����'�������X�$#� ����X�$#��3������"#$%������,�������
.��	W�&-������������

�����������
	� �����������!������ �����������X� ���@�B�C����
�W�&��*� { �������
�	��&2�3��


����������	 isolates �
*�
 TLC "����"����� ��� H1 NMR ��
����� �3���-� '0*�����
�����3�

/�����G���W�[��B����������#-��3 { 
 

�	����	��-	�- 
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386. 

2. Gao, X., Zhou, H., Xu, D., Yu, C., Chen, Y. and Qu, L. (2005). High diversity of endophytic 
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���������	����"�����J��������������������������-#������/��"�� 

 

J$����������  ��. ��#��� �����#�	- 

 

���
� 

 "����#�����	�����
��
),���
*�+���,��*�"�� "#	��&���	3��	�*�"���
*���#��������#���	��3�-�����#


),��-�������1��
���	3����� �0��
�����+��
���
*������������	������������
	����#-��3{ ��-���#���

	��#���
*-�����1�$�3$#�G� ���3��+���,/�����#����3�����3���0*���������*��
�
����
*��.�	�	!3-�����

"#	��&���	3��	�*����������      

�������
���������
���W���0*��
*�����6#+����
����	!3-��W����
*�
 ������X��!�$#� ��������&2

������$#�-���22����.
(���	��� 
(���	��# �����	!3-�����"#	�������	!3����,������ ��������3�	

�������� 	��&2�������
*��.�	�	!3-���*��
�
���-�����  ���*�������22����.-����� �
����22�
*�
���

�
�
*	��
��/�����1[������	W�&�	!3���#���� ��*��
�
����
*��.�	�	!3-������0������
����/3�/���&�*�����

�	!3��#-���22����.�!�  "#	���������������������������@�B�C����
�W�&/0���&�*�
������������

��*��
�
��� ��*�{ ����&�*������	!3��#  �������
�	���
��	����3��������
*��.�	�	!3-���*��
�
����
*��.�	�	!3-�

�����0��
�����3�/��������@�B�C����
�W�&�
*�+���, ���$#���2������-��������W������	������3����
*

�3����	�
��������	!3-�����       

���.0�1�������
��0��
���6�
������ �&�*���#����������������*��
�
���-����� �
*�
@�B�C-����	�2	������

����,/��������������
	��3�"��-���        "#	G!�����	��#�3��������6����&2����������������*��
�
���-�

�����
*�
@�B�C����
�W�&�
*�+���, ��������6�+���������
*$#�$
-��
��"	����������&�	� ���&����-�����#

��[�3�����.�1Q����3�$
$#� 

  

���X�*�"�-�� 

     1. �&�*��+���������#�	������������*��
�
���-����� -���
�������2�����B�C                                        

     2. �&�*��#��2@�B�C�����������
	��������������� 

     3. �&�*��+�������#�������
*�
@�B�C����
�W�& 
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��Z�������	- 

1. �����z����	���-���-#������/��"�� 

��X2����	3������3�	 ��������$�3�
���#!�������� -�2����[������# ���&� ���.�
B������ ���

W!��X�    ����3���#�������������#���������� 2553  �+�������#/������	3����*��
�
���-����� "#	 G..

�����	 ��������� W�������
����	�
���� �[�
���� ������	���	��1��.�����      ��� G..����	� 

���������� W���������	�.�����
��	���� �[����	�.�����������"�"�	
 ������	���	���W��

���.�
B������ 

 

2. ���!������	���"��  (#�#�
�������B
���/�� Zhang et al .,  2009) 

�+�����	3����*��
�
���-����� ����#-���
��������X� { ����	��
����[������ 1 �'������� �+�$


�+���#�����2����[G�� "#	����#��	��+�����w3������ 2 ����� �����!������
*
��.�������� �+�$
�/	3��
*������X� 60 

rpm �
������ 10 ���
 ����#��	��+�����w3������ 2 ����� ��������0��+�$
��3-� 75% ethanol ��� 10 �����
 ����

#��	��+�����w3������ 2 ����� ��������0��+�$
G0*�2����#�1����
��.�������� �����0��+�����	3����*��
�
���-�

����$
���2������ Potato Seawater Agar (PSA) �
*����	� tetracycline ��� ampicillin  �����/��/�� 50 

mg/L "#	���-��2����[�
*�
��G����#���G����2G�������  �+�$
 incubate �
*��[�W!�� 28 ºC �
������ 3-7 ��� 

������G������� ���*�&2�3��
�������,/����������������������3������	3��&��  �+������#�3�� hyphal tip 

/��������� W�	-������� stereo zoom �+�$
�&����
�	�2������ PSA �
*$�3����	�
���
��� "#	�+������X2

����	3����������
������ 7 ��� ��2����������
*&2������/�����������������3������	3�� ���*��	��������$#�

2�����B�C����  �+������X2�������-� 15% glycerol �����+�$
��3-� freezer  �
*��[�W!�� -20 ºC 

 

         3. ����(�"�����-����	���"��/�	���������(��	/�����	�q�Z�[�������������� 

 ��#�����������������
*�	�$#� '0*��
���1[�/��"�"��
 �
*����3����� ���&����
�	�-������ PSA �
*

��[�W!�� 25 ºC ��� 3-4 ��� ��������3���&2�3��
�������,/��"�"��
/��������� -��-2�
#G3���#��3� 95% 

ethanol �+�$
G3���
��$% ������-���	X� ������������+�$
��#�����3��2����[/�2"�"��
 -���
/��#������ 

1x1 ������'������� �+���� 5 ���� �����+����63�	�������-���������� Potato Dextrose Broth (PDB) 


������ 300 ml �
*2����-�%�����/��# 500 ml �+�$
 incubate �
*��[�W!������ �
������ 3 ��
#��� ������X2

����	3����+���
�	�������� �&�*��+�$
�#��2@�B�C�����������
	��2�������  

 

          4. ���������
�����-����	��!�"����/�����������
��"�����-��#� 

 �+���+���
�	�������������
*�����6	�2	����������
	�$#��������#��2�2������� $
����#��	���#�1

���� Whatman �2��� 1 �&�*��	��3��/����+���
�	�������������-	��������� ��������0��+���+���
�	���������
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����-	��$
���##��	����+�����	������
       �&�*�����������������
	��
*��������������#���� { �����/0�� 

#���
���� 

 4.1 ������#��+���
�	������������ 

      �+�������#"#	-�� ethyl acetate (EtOAc, AR grade) "#	-��������3����+���
�	��������  �3� EtOAc 

��3���2 2:1 �+�������#������# 2 ����� �����+� EtOAc �
*$#����������#������������������������-�3���

�+���#��+� (dehydrating agent) ��� sodium sulphate anhydrous ��$
 ��������������������+��������	�
*$#�

$
�+�-������#��	����*�� rotary evaporator �
*��[�W!��
����[ 40-45 ºC $#�������#�	�2�����+���
�	��������

���� (BE, Broth EtOAc) (W�&�
* 1) �����0��+�$
�#��2@�B�C�����������
	������������
����2������


�2�������#��	 ������ TLC ��� 1H NMR 

 4.2 ������#����-	/������������� 

      �+�������#����	��2������#��+���
�	�������� "#	�+�����-	/�����������3-� methanol (MeOH, 

commercial grade) �
������ 2 ��� �+��������	 MeOH $
�+�-���/��/��"#	�������	����+�����	2���3��

���$
 �������������+���$
 �����+�$
���##��	 hexane (AR grade) -�������3�� 2:1 "#	�+�������#'�+� 2 

����� �����+� hexane �
*$#����������#$
�+����� ������������+��������	 aqueous MeOH �
*G3��������#

#��	 hexane ���� �+�$
���#�3�#��	 EtOAc -�������3�� 2:1 ��3���� "#	���##��	 EtOAc 2 ����� '0*�������

���##����3����$#�������# 2 �3�� ��� CH (Cell hexane) ��� CE (Cell  EtoAC) ����+�#�2 (W�&�
* 1)�+�$


�#��2@�B�C�����������
	� �����������
����2������
�2�������#��	 TLC ��� 1H NMR ��
����� 
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W�&�
* 1 �G�W�&������#���������
/�������� #��	����+�����	���#�3�� { 

 

 

�������
*��
�	�-������ PDB 

��+���
�	��������     

(Culture filtrate) 
����-	 

(Fungal mycelium) 

��3-� MeOH ��� 2 ��� ���##��	 EtOAc 2 ����� 

���##��	 hexane 2 ����� 
EtOAc 

�+�����#��	 evaporator 

������#�	�2�����+���
�	�

�������#��	 EtOAc 

 (BE, Broth EtOAc) 

Hexane 

���##��	 EtOAc 2 ����� 

Aqueous MeOH 

�+�����#��	 evaporator 

������#�	�2�������-	 

�������#��	  hexane     

(CH, Cell hexane) 

������#�	�2�������-	 

�������#��	 EtOAc       

(CE, Cell EtOAc) 

�+�����#��	 evaporator 

- ����	����+�����	���2���3�� 

- ������+� 
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5 ������	�q�Z�[�������������� 

 5.1 �#��2@�B�C�����������
	��2������� �+����2��+���
�	�������� #��	��B
 agar well diffusion (Lorian, 

1996)   

 

�����!��"�#�$���%�	
&���'�������*���!�+ 

 ���
	� inoculum #��	��� streak ������2��
��
	 Staphylococcus aureus ATCC29523, Methicillin-

Resistant S. aureus (MRSA) SK1, Escherichia coli ATCC 25922 �*� Pseudomonas. auruginosa 

ATCC27853 2��������
�	������ Nutrient agar (NA) ��������	
��� Candida albicans ATCC90028  2�

�������
�	������ Sabourod dextrose agar (SDA) ���23��
*��[�W!�� 35 ºC �
������ 18-24 ��*�"�� �3������� 

Cryptococcus neoformans ATCC90012 �� streak 2��������
�	������ SDA ��3��#
	���2 C. albicans ��3��

23��
*��[�W!��������� 48 ��*�"�� �/
*	����� 3-5 single colonies ��-��������
�	������ Nutrient broth (NB) 

�+����2�2��
��
	 ��� Sabourod dextrose broth (SDB) �+����2	
��� �+�$
 incubate $���
* 35 ºC 3-5 ��*�"�� 

-� shaker incubator �/	3��
*������X� 150 ��2�3����
 ������������+���
��2-��$#�����/�3� 0.5 ��� 2.0 

Mcfarland standard �+����2�2��
��
	���	
�������+�#�2#��	 normal saline solution (NSS) �+�����������

"#	-�� sterile cotton swab ��3������ ����2�#-�����# �+���� swab -����*����������
*�
������� 4 mm "#	

�2��
��
	-������� Mueller Hinton Agar (MHA) ���	
���-�� Sabourod dextrose agar (SDA) �+������������

����� #��	
��	�
*��2/�� Pasteur’s pipette /��#����G3��.!�	����� 6 mm "#	�+�������# 17 �����3���� 

������������	#��+���
�	������/�������"#$%���
*�&����
�	�-� PDB �
*��	� 3 ��
#��� 
������ 80 �l ��$
-�

�����
*����$������ "#	��#��2����#��2#��	�G3�	�
���
��� �+����2�2��
��
	 S. aureus ��� MRSA -��

	� vancomycin 30 �g/�G3�  E. coli ATCC25922 �*� P. auruginosa ATCC27853 -��	� gentamicin 10 �g/

�G3�  �3��	
���-�� amphotericin B 10 �g/�G3�  �+�$
 incubate �
* 35 ºC 18-24 ��*�"�� �+����2 C. 

neoformans ATCC90012 �+�$
 incubate �
*��[�W!������ ��� 48 ��*�"�� ���*���2�+���#���� �+�����3��

G�"#	�����#����G3��.!�	�����/�� inhibition zone "#	-�� vernier caliper ��3�	�����#�
����������� 

 

�����!��"�#�$���%�	
&���  (#�#�
�������B
���/�� Huang et al., 2000) 

 ���
	� inoculum /��������� "#	��
�	� M. gypseum 2��������
�	������ SDA �+�$
 incubate �
* 25ºC 

3-4 ��� -��$#� colony �
*�
���1[���� /��#����G3��.!�	�����
����[ 2 cm �����������-�� pasteur’s 

pipette �����������
�	�������
*�	!3��2 { "�"��
 /����������
*�+��������,���2"�  "#	�����3�����/�2/�� 

colony 
����[ 0.5 cm �����	�#��+���
�	�����������"#$%���
*�&����
�	�-� PDB �
*��	� 3 ��
#��� 
������ 

80 �l ��$
-������
*����$������ "#	��#��2����#��2#��	�G3�	�
���
��� miconazole nitrate 30 �g/�G3� 

�+�$
 incubate �
*   25 ºC 3-4 ��� ������G����	�2	�������������� ����
���	�2	�����&2 inhibition zone �
��

��	��������&2�3��������$�3�����6����,��	����$
$#� 
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 5.2 ����#��2@�B�C�����������
	� �+����2������#�	�2�������������� "#	��B
 broth 

microdilution 

 

����������	
&�/:*�%����+����;�% 

 ���
	�������������
	�����Q��"#	��� streak ������2��
��
	 S. aureus ATCC29523, MRSA SK1, E. 

coli ATCC25922 �*� P. auruginosa ATCC27853 2��������
�	������ NA ��������	
��� C. albicans 

ATCC90028 2��������
�	������ SDA ���23��
*��[�W!�� 35 ºC �
������ 18-24 ��*�"�� �3������� C. 

neoformans ATCC90012 �� streak 2��������
�	������ SDA ��3��#
	���2 C. albicans ��3��23��
*

��[�W!��������� 48 ��*�"�� ���������2�����
*�+���#�/
*	����� 3-5 single colonies ��-��������
�	������ 

Nutrient broth (NB) �+����2�2��
��
	 ��� �������
�	������ RPMI-1640 �+����2�����	
��� �/	3�#��	������X� 

150 ��2�3����
 �
*��[�W!�� 35 ºC �
������ 3-5 ��*�"�� ������������+���
��2-��$#�����/�3� 0.5 ��� 2.0 

Mcfarland standard �+����2�2��
��
	���	
�������+�#�2#��	 normal saline solution (NSS) 

 �+����2������� M. gypseum �����
	�"#	�����
�	������2��������
�	������ SDA ����23��
*��[�W!�� 25 

ºC �
������ 2-3 ��
#��� �����������*������������
��� �+������X2�
���"#	���-���!������
*
��.��������

�����2�G��"�"��
��������&�*�-���
������#����������-	 ���� NSS ����
��2����/�3�/�� spore suspension 

-��$#������/��/�� 4x103 – 5x104 spore/ml "#	-�� hemacytometer 

  

�����!��"�#�$���%��'��������
&����%���!��!���������������'<��������% 200 g/ml  

(#�#�
����� CLSI M7-A4, 2000) 

 �+�������#�	�2�������������"#$%��������	#��	 Dimethyl sulfoxide (DMSO) -��$#�����

�/��/�� 100 mg/ml ��X2$���
�� stock solution �
*��[�W!�� -20 ºC ���*���-���+�����#��2 �+��������	�
*

��#�2�����/��/��#����3�� ������	�3�#��	 DMSO -�������3�� 1:10 �������	�3��
������#��	�����

��
�	������ Mueller-Hinton broth (MHB) -�������3�� 1:25 '0*����+�-��$#������/��/��/��������#�	�2

��3���2 400 �g/ml #!#������#�	�2 50 �l -�3-���3������/�� sterile 96-well microtiter plate �����/��/��

�� 2 ���� ��������+�������2��
��
	����Q�� (0.5 MF) ���������#��	 NSS -�������3�� 1:200 '0*����+�-��

$#������/��/��/���2��
��
	����Q��
����[ 5x105 CFU/ml #!#�������	�2��
��
	����Q�� 50 �l -�3

-���3������ '0*����+�-��$#������/��/����#���	/��������#-���3�������
�3���3���2 200 �g/ml 23� plate 

�
*��[�W!�� 35 ºC �
������ 15 ��*�"�� ��������0����� 10 �l /�� 0.18% resazurin indicator ��$
-���3��

���� 23��3��
*��[�W!�� 35 ºC �
������ 2-3 ��*�"�� �&�*�-�����#
������	��	3����2!�[� �3��G�����#��2���*�

��2�����
*�+���# 

 -��	� vancomycin ��� gentamicin �
*��#�2�����/��/����#���	 4 �g/ml �
����#��2����
*-��G�2��

���-��-�����
�
	2��
	2��2@�B�C/��������#�+����2�2��
��
	����2����������2 ����+�#�2 
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�����!��"�#�$���%��!�+��
&����%���!��!���������������'<��������% 200 g/ml  

(#�#�
����� CLSI MA27-A2, 2002a) 

 �#��2@�B�C/��������#�	�2�3������	
��� ��3��#
	���2�2��
��
	 �&
	���3-���������
�	������ RPMI-

1640 ���23� microtiter plate �
*��[�W!�� 35 ºC �
������ 24 ��*�"�� �+����2����� C. albicans ��� 48 ��*�"���
*

��[�W!������ �+����2����� C. neoformans ���*���2�����
*�+���#�0����� 10 �l /�� 0.18% resazurin indicator 

��$
-���3������ ����+�����3��G�����#��2��������
*23� plate $���
*��[�W!�� 35 ºC �
������ 5 ��*�"��  

 -��	� amphotericin B  �
*��#�2�����/��/����#���	 4 �g/ml �
����#��2����
*-��G�2��-����	�2	���

	
������-��-�����
�
	2��
	2��2@�B�C/��������# 

 

�����!��"�#�$���%����
&����%���!��!���������������'<��������% 200 g/ml  

(#�#�
����� CLSI MA27-A2, 2002a) 

�#��2@�B�C/��������#�	�2�3�������� ��3��#
	���2�2��
��
	 �&
	���3-���������
�	������ RPMI-

1640 ���23� microtiter plate �
*��[�W!�� 25 ºC �
������ 6 ��� ���*���2�����
*�+���#�0����� 10 �l /�� 

0.18% resazurin indicator ��$
-���3������ ����+�����3��G�����#��2��������
*23� plate $�� 1 ��� �
*

��[�W!�� 25 ºC   

 -��	� miconazole  �
*��#�2�����/��/����#���	 4 �g/ml �
����#��2����
*-��G�2��-����	�2	�����

���-��-�����
�
	2��
	2��2@�B�C/��������# 

 -�����3��G�����#��2 ��.�	����
�
*	��
/��  resazurin  �����B
/�� Drummond and Waigh 

(2000) 6��������#�����6	�2	���������2"�/�������$#� (G�2��) resazurin ���
�
��+����������
�3��

�������#�� ��36��������#$�3�����6	�2	��������$#� (G��2) ������������6���2"�����
�
*	��
 resazurin -��

�
���
��&!   

�+�������#'0*��
@�B�C-����	�2	����������
	��
*��#�2�����/��/�� 200 �g/ml $
�#��2���3�  

minimal  inhibitory  concentration (MIC) ��� minimal  bactericidal  concentration  (MBC)  ����  minimal  

fungicidal  concentration (MFC)  

 

5.3  ������3�  MIC, MBC ���  MFC /��������#�	�2��������� 

 

������3� MIC /��������#�	�2-����B
  broth  microdilution  �
*#�#�
����� CLSI M7 - A4 

(CLSI, 2000)  �+����2������2��
��
	  #�#�
����� CLSI  MA27 – A2 (CLSI, 2002a)  �+����2�����	
���  ���

#�#�
�����  CLSI  MA34 – A (CLSI, 2002b)  �+����2�������   "#	�+�����������������#�	�2#��	��B
  

serial  dilution  "#	���*�����
*�����/��/�� 128 �g/mL ����������-��$#������/��/��  64, 32, 8, 4, 2, 1, 0.5 

��� 0.25  �g/mL  ����+�#�2 
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�������23�W�	-���W����
*�������  �3������/��/���*+���#�
*	�2	��������$#�'0*�����#�G��
���
��+�

���������
�3�� ����3� MIC   

�����2������#�
*$�3�
@�B�C-����	�2	����������
	��3�"�� -���#�2�����/��/���
*�*+���3� 128 �g/mL 

����	����3��
�3� MIC ��3���2 200 �g/mL  

������3������/��/���*+���#�
*�����6w3�������2��
��
	������ (MBC ���� MFC)  /��������#

�	�2������������+�"#	�+��������	�������  microtitier  plate �
*�
�3������/��/�������3�������3���2

�3� MIC $
 streak 2��������
�	������ NA  �+����2������2��
��
	 ���2��������
�	������ SDA �+����2�����

	
��������  �+�$
23�W�	-���W����
*�������  �����/��/���*+���#�
*$�3�
������2��
��
	����,2������  ���

�3� MBC ��������/��/���*+���#�
*$�3�
�����	
�������������,2������  ����3� MFC 

 

J�������	- 

�����z����	���-���-#������/��"�� !�"���!�����"�� 

 ��������X2����	3������3�	 ��������$�3�
���#!�������� -�2����[������# ���&� ���.�
B������ 

���W!��X�    ����3���#�������������#���������� 2553  &2�3�         �����6�	�������$#��+���� 105 

$�"'��� �
����������
*�	������*��
�
���-��������������#���&�����
*��# �+���� 65 $�"'��� �������

���������#W!��X� �+���� 35 $�"'��� ������������#���.�
B���������	�
*��# �+���� 5 $�"'��� �������

�
*�	�$#��
����������
*�	�$#������$�3�
���#!���������+���� 72 $�"'��� ����
����������
*�	�$#����

����3�	�+���� 33 $�"'���  #����#�-�������
* 1 
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������
* 1 ����	3����*��
�
���-����� �+���� ��������������
*�	�$#� 

 

���-#������/��"�� (�
�������"�����!��&��) 

���3�  ���# 
�������"��

a
 

Seaweed  (33) Chlorophyta (6) Enteromorpha clathrata  (2) MN A1, MP E1 

  Ulva reticulate (4) MN B1-B4 

 Rhodophyta (5) Porphyra vienamensis  (0)  

  Bangia fucopurpurea   (0)  

  Peyssonellia rubra (5) MP H1-H2, MP M1-M3 

 Phaeophyta (22) Sargrassum sp.  (11) MC K1-K5, MC F1-F4, MC G1, MC 

N1 

  Turbinaria sp. (12) MC B1-B2, MC C1-C2, MC D1-D3, 

MC H1-H3, MP I1-I2 

Invertebrates (72) Mollusca (8) Hemifutus ternatanus   (6) MC I1-I3, MC V1-V2, MC W1 

  Murex trapa  (2) MC Y1-Y2 

 Coelenterata (51) Favia spicosa  (4) MC A1, MP D1-D3 

  Pocillopora damicornis  (0)  

  Turbinaria sp. (8) MP F1-F4, MP J1-J4 

  Acropora sp.  (16) MP A1-A2, MP B1-B5, MP G1-G4, 

MP K1-K3, MP L1-L2 

  Pteroeides sp. (3) MC M1-M3 

  Fungia sp.  (1)  MP C1 

  Gorgonian  (11) MC L1-L6, MC Q1-Q5 

  Sea Wash  (8) MC J1-J8 

 Porifera (11) Sponge  (11) MC E1-E4, MC O1, MC P1, MC R1, 

MC S1, MC T1, MC U1-U2 

 Crustacean (2) Odontodactylus scyllarus (2)   MC X1-X2 

���  105  

a
  MC = ������������
*�	��������	3��������#���&� 

    MP = ������������
*�	��������	3��������#W!��X� 

    MN = ������������
*�	��������	3��������#���.�
B������ 
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������	�q�Z�[��������������5	-��
������-����	 

 �������+��������
*�	�$#������*��
�
���-����� $
��
�	�-��������
�	������ PDB �
*��[�W!�������
��

���� 4 ��
#��� ����+��3����+���
�	�$
�#��2@�B�C�����������
	��3�"�� "#	��B
 agar well diffusion &2�3� 

���������������# 105 $�"'����
*�	�$#� �
�������
*�����6�������������������
	��3�"��$#�������3 1-4 

���# �+���� 34 $�"'��� (32.4%) "#	�	��
����������
*$#��������3�	 �+���� 16 $�"'��� �����������

$�3�
���#!�������� �+���� 18 $�"'���  (������
* 2) 

 

������
* 2 �+�������#/���������
	��
*6!�	�2	���#��	��+���
�	������������ 

 

�+������+���
�	�������������
	��
*�
@�B�C�����������
	��3�"�� (%) ���3���*��
�
���-����� 

1 ���# 2 ���# 3 ���# 4 ���# ��� 

����3�	 (33) 8 (24.2) 3 (9.1) 4 (12.1) 1 (3.0) 16 (48.4) 

�����$�3�
���#!�������� (72) 8 (11.1) 8 (11.1) 1 (1.4) 1 (1.4) 18 (25.0) 

��� (105) 16 (15.2) 11 (10.5) 5 (4.8) 2 (1.9) 34 (32.4) 

 

 ���*�&����[�60����#������3�"���
*6!�	�2	���"#	��+���
�	������������ &2�3� ��+���
�	�����������6	�2	���

�������,/��������2��
��
	����2��$#�#
�
*��# "#	�
�������+���� 18 (17.1%) ��� 12 (11.4 %) �
*�����6

��������	�2	����������,/������� Staphylococus aureus ��� methicillin-resistant Staphylococcus aureus $#� 

��+���
�	�������������
@�B�C	�2	����2��
��
	�����2$#�#
������� "#	�
�������+���� 10 (9.5%)  ��� 7 

(6.7%) $�"'��� �
*�����6��������	�2	�������� Pseudomonas aeruginosa ��������  Escherichia coli $#�

����+�#�2 ��+���
�	������������	�2	����������,/��	
���������
*�+����#��2$#����	 "#	&2�3� �
�������

�+������3���� ��� 5 (4.8%) $�"'����
*�����6��������	�2	����������,/��	
��� Candida albicans  ��������

��  Microsporum gypseum $#� ����
��+���
�	������������������&
	� 4 (3.8%) �
*�����6��������	�2	���

Cryptococcus neoformans $#� (������
* 3) 
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������
* 3 ���#/���������
	��3�"���
*6!�	�2	���#��	��+���
�	������������ 

 

�+������+���
�	�������
*�
@�B�C�����������
	��3�"��
a
 (%) ��+���
�	������ 

SA MRSA EC PA CA CN MG 

����3�	 (33) 10 (30.3) 5 (15.2) 3 (9.1) 5 (15.2) 4 (12.1) 1 (3.0) 2 (6.0) 

�����$�3�
���#!� 

������� (72) 

8 (11.1) 7 (9.8) 4 (5.6) 5 (6.9) 1 (1.4) 3 (4.2) 3 (4.2) 

��� (105) 18 (17.1) 12 (11.4) 7 (6.7) 10 (9.5) 5 (4.8) 4 (3.8) 5 (4.8) 

 
a
SA = Staphylococus aureus ATCC25923, MRSA = methicillin-resistant Staphylococcus aureus SK1,  

EC = Escherichia coli ATCC25922, PA = Pseudomonas aeruginosa ATCC27853, CA = Candida albican 

ATCC90028, CN = Cryptococcus neoformans ATCC90112, MG = Microsporum gypseum 

 

 ���*�&����[�60�/��#/�� inhibition zone �
*$#��������#��2��+���
�	�������
�
	2��
	2��2/��# 

inhibition zone �
*$#�����#��2��2	�
���
�������Q��  &2�3�  /��# inhibition zone /��������2��
��
	

�����2����������# ��������	
��� C. albicans �
*$#��������#��2��2��+���
�	�������
�3����	��3��
*$#�������

�#��2��2	�
���
�������Q�� -�/[��
*�
��+���
�	������������2��$�"'����
*-��/��# inhibition zone �3�

������2��
��
	����2����������	
��� C. albicans �����3�	�
���
����
*-��-�����#��2  

 

������
* 4 /��# inhibition zone /��������
*$#��������#��2��2��+���
�	�������������
�
	2��
	2��2	� 

    
���
�������Q�� 

 

/��# inhibition zone (mm) ����#��2 

SA MRSA EC PA CA CN MG
a
 

��+���
�	������ 7.4-24.8 7.1-25.5 8.2-14.8 7.7-9.2 10.1-21.4 8.7-12.1 + 

Vancomycin 17.5 15.0      

Gentamicin   20.3 20.8    

Amphotericin B     14.5 15.2  

Miconazole       + 

a
+ �
@�B�C	�2	��� 
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 ���G�����#��2@�B�C-����	�2	����������
	�/����+���
�	������   &2�3�   �
��+���
�	������/�������� 5 

$�"'��� �
*�
@�B�C-����	�2	���������������
	��3�"��$#�#
 �������#����3�� $#���3 ������� MN B4 ��� MN B3 �
*

�	�$#��������3�	�
�/
	� Ulva reticulata ������� MC K1  ��� MC F2 �
*�	�$#��������3�	�
��+���� 

Sargassum sp. ��� ������� MC J8 �
*�	�$#����������� ��+���
�	������������ MN B3 �����6	�2	���

������������
	�����2����������2�
*-��-�����#��2������#$#� ���-���3�/��#����G3��.!�	����� 

inhibition zone �3�������������
	�����2��$#�-�����
	���2	�
���
��� �	3��$��X�����+���
�	������ MN B3 -��

�3�/��#����G3��.!�	�����  inhibition zone �3�������������
	������2���	��3�	�
���
����
*-��-����

�#��2  ����������� MN B4 ��� MC K1 �����6	�2	�������� S. aureus,  MRSA ��� C. albicans $#� "#	

����������� MN B4-���3�/��#����G3��.!�	�����/�� inhibition zone �3���������� 3 ���# �����3�/��#����

G3��.!�	�����/��������
*$#��������#��2#��		�
���
��� -�/[��
*����� MC K1 -���3�/��#����G3��

.!�	�����/�� inhibition zone �3���������� 3 ���# -�����
	���2	�
���
����
*-��-�����#��2  ��+���
�	������� 

MC F2 �����6	�2	���������������
	�$#�  3  ���# ��3��#
	���� ��� �����6	�2	�������� S. aurues, MRSA ��� E. 

coli $#� �	3��$��
�&
	�������������
	�  S. aureus ��3������
*�3�/��#����G3��.!�	�����/�� inhibition zone /��

��+���
�	������-�����
	���2	�
���
��� -�/[��
* MRSA ��� E. coli -�� �3�/��#����G3��.!�	����� inhibition 

zone /��	�
���
�������Q���
*-��-�����#��2�����3���+���
�	�������� MC F2 60�����3������������ MC J8 

��	�2	����&
	�������������
	�����2�� 2 ���#�
*-��-�����#��2  ��3&2�3� ��������+���
�	������������

#����3����-���3�/��#����G3��.!�	����� inhibition zone /�� S. aureus $#�-�����
	���2	�
���
������� 

	��-���3�/��#����G3��.!�	����� inhibition zone /�� MRSA �����3�	�
���
����
*-��-�����#��2 
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������
* 5 ��+���
�	��������
*�
@�B�C-����	�2	����������,/���������
	�$#�#
 

 

Inhibition Zone (mm) 

Broth Tested 

microorganisms MN  

B4 

MN 

B3 

MC 

K1 

MC  

F2 

MC 

 J8 

Antibiotics 

Antibiotics 

 (�g/ml) 

 

S. aureus 24.8 17.8 16.1 17.0 18.7 17.5 

MRSA 25.5 13.5 15.6 8.6 21.4 15.0 

Vancomycin 

(30) 

P. aeruginosa  8.8    20.8 

E. coli  14.8  8.9  20.3 

Gentamicin 

(10) 

C. albicans 21.4  16.7   14.5 

C. neoformans      15.2 

Amphotericin B 

(10) 

M. gypseum      + 

Source of active 

fungi 

Ulva reticulate Sargassum sp. Sea 

wasp 

 

Miconazole nitrate 

(30) 
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������	�q�Z�[��������������5	-����������� 

 

�����!��"�#�$���%/:*�%����+��
&����%��������'<��������% 200 g/mL 

 �������+���+���
�	��������������-	��$
���##��	��B
������
 ��$#�������#�������� �+���� 315 

������# "#	�	��
��������#�	�2�����+���
�	������#��	 EtOAc (BE) ������#�	�2�������-	#��	 hexane 

(CH) ���������#�	�2�������-	#��	 EtOAc (CE) �+�������#�� 105 ������#  

 ���*��+�������#�	�2#����3��$
�#��2@�B�C-����	�2	����������
	� &2�3� �
������#�	�2 257 ��� 

(81.6%) �
*�
@�B�C-����	�2	����������
	��
*-��-�����#��2$#��	3�����	 1 ���# "#	�	��
��������#�	�2 

CE ����
*��#�+���� 102 ������# ������� ��� ������#�	�2 BE ��� CE '0*�������#�
*�
@�B�C-����

	�2	����+���� 79 ��� 76 ��� ����+�#�2 (������
* 6) 

 ���*�&����[�60��+�������#/���������
	��
*6!�	�2	���#��	������#�	�2 &2�3� ������#�	�2

�����6	�2	����������
	�$#� 1-5 ���# "#		�2	����������
	�$#� 2 ���#����
*��# �+���� 81 ������# ����������

	�2	����������
	�$#� 1, 3 ��� 4  ���# "#	�
������#�
*�
@�B�C-����	�2	����+���� 71, 60 ��� 37 ���# 

����+�#�2 ����
������#�	�2�
*�����6	�2	����������,/���������
	�$#�60� 5 ���# (������
* 6) 

 

������
* 6 �+�������#/���������
	��
*6!�	�2	���#��	������#��������� 

 

�+�������#/���������
	��
*6!�	�2	���#��	������# (%) 
�3�����# 

1 ���# 2 ���# 3 ���# 4 ���# 5 ���# ��� 

BE 20 (19.0) 23 (21.9) 20 (19.0) 11 (10.4) 5 (4.7) 79 (75.2) 

CH 21 (20.0) 25 (23.8) 17 (16.1) 12 (11.4) 1 (0.9) 76 (72.4) 

CE 30 (28.5) 33 (31.4) 23 (21.9) 14 (13.3) 2 (1.9) 102 (97.0) 

��� 71 (22.5) 81 (25.7) 60 (19.0) 37 (11.7) 8 (2.5) 257 (81.6) 

  

 ���*�&����[�60����#/���������
	��
*6!�	�2	���#��	������# &2�3� ������#�����6	�2	����������,/��

	
���$#�#
�
*��# ���	�2	���	
����
*-��-�����#��2����  2 ���# $#�-�����
	���� "#	�
������#�+���� 130 

(42%) ��� 144 (45.7%) ������# �
*�����6	�2	����������,/�������	
��� C. albicans ��� C. neoformans $#�

����+�#�2      ������#�����6	�2	����������,/���������
	�����2��$#�#
������� ���	�2	���������������
	�

����2������ 2 ���# $#�-�����
	������3��#
	���� "#	�
������#�+���� 100 (31.7%) ��� 108 (34.3%) ���

���# �
*�����6	�2	����������
	�����2�� S. aureus ��� MRSA $#�����+�#�2 ������#�	�2���������

�����6	�2	����������,/��������2��
��
	�����2$#����	 "#	�
������#�	�2�&
	� 42 (13.3%) ��� 51 

(16.2%) ������# �
*�����6	�2	���������� M. gypseum ����2��
��
	�����2 P. aeruginosa $#� ����+�#�2 
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����
������#�	�2���������������&
	� 8 (2.5%) ��� �
*�����6	�2	����������,/������� E. coli $#� (�����

�
* 7) 

 

������
* 7 �+����������#�
*�
@�B�C-����	�2	����������
	��3�"�� 

 

�+����������#�
*�
@�B�C-����	�2	����������
	�
a
 (%) ���#/�� 

������# SA MRSA EC PA CA CN MG 

BE 25 (23.8) 39 (37.1) 3 (2.9) 23 (21.9) 38 (36.2) 51 (48.6) 15 (14.3) 

CH 34 (32.4) 31 (29.5) 1 (0.9) 9 (8.6) 41 (39.0) 45 (42.9) 13 (12.4) 

CE 41 (39.0) 38 (36.2) 4 (3.8) 19 (18.1) 51 (48.6) 48 (45.8) 14 (13.3) 

��� 100 (31.7) 108 (34.3) 8 (2.5) 51 (16.2) 130 (42.3) 144 (45.7) 42 (13.3) 

a
SA = Staphylococus aureus ATCC25923, MRSA = methicillin-resistant Staphylococcus aureus SK1,  

EC = Escherichia coli ATCC25922, PA = Pseudomonas aeruginosa ATCC27853, CA = Candida albican 

ATCC90028, CN = Cryptococcus neoformans ATCC90112, MG = Microsporum gypseum 

 

�����!����'�� MIC �*� MBC ��
� MFC 

 ���*��+�������#�
*�
@�B�C����������������
	��2��������
*��#�2�����/��/�� 200 �g/mL ���#��2���3�

�����/��/���*+���#/������
*	�2	��������$#� (MIC) ���������/��/���*+���#/������
*w3������$#� (MBC ���� 

MFC) G�����#��2 &2�3� ������#�
*-��-�����#��2������#-���3� MIC �3�������������
	�����2������

������# ����� E. coli  ���������� M. gypseum �	!3-��3���
*�!���3��3� MIC �
*$#��������#��2��2	�


���
��� "#	������#-���3� MIC �3������ S. aureus ��� MRSA -��3�� 2-200 ��� 8-200 �g/mL -�/[��
*

	�
���
��� Vancomycin -���3� MIC �3������������� ��3���2 1 �g/mL ������#-���3� MIC �3������ E. coli ��� 

M. gypseum -��3�� 128-200 ��� 32-200 �g/mL '0*��!���3��3� MIC �
*$#����	�
���
��� gentamicin �
*-���3� 

MIC �3� ����� E. coli ��� 	�
���
��� miconazole nitrate �
*-���3� MIC �3������ M. gypseum ��3���2 0.5 ��� 1 

�g/mL ����+�#�2 

 G�����#��2���3� MIC  /��������#�3������ P. aeruginosa  &2�3� ������#-���3� MIC �3������

���#�
��	!3-��3�� 2-200 �g/mL ���*��
�
	2��
	2��2�3� MIC �
*$#��������#��2��2	�
���
��� gentamicin 

�
*�
�3� MIC ��3���2 4 �g/mL &2�3� �
������#2������
*-���3� MIC �3���������#�
��*+���3�	�
���
��� 

 �+����2G�����#��2���3� MIC /��������#�3������	
������� 2 ���# ���� &2�3� ������#�
*�#��2

-���3� MIC �3������	
��� C. albicans ��� C. neoformans �	!3-��3���#
	���� ��� �	!3-��3�� 0.25-200 �g/mL 

'0*����*��+�$
�
�
	2��
	2��2�3� �3� MIC �
*$#��������#��2��2	�
���
��� amphotericin B �
�3� MIC �3�
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������������ ��3���2 2 �g/mL ���� &2�3� �
������#2������
*-���3� MIC �3���������#�
��*+���3�	�
���
���  

(������
* 8) 

 

������
* 8 �3� MIC /��������#�	�2�
*�
@�B�C-��������������������
	� 

 

MIC range (�g/mL) 
Tested Microorganisms 

Crude extracts Antibiotics 
Antibioics 

S. aureus 2-200 1 

MRSA 8-200 1 

Vancomycin 

P. aeruginosa 2-200 4 

E. coli 128-200 0.5 

Gentamicin 

C. albicans 0.25-200 2 

C. neoformans 0.25-200 2 

Amphotericin B 

M. gypseum 32-200 1 Miconazole nitrate 

 

 ���G�����#��2���3� MIC �3�������2��
��
	����2�� &2�3� ������#�
*�
@�B�C-����	�2	�������� 

S. aureus $#�#
�
*��# ���  MC X1 CE "#	�
�3� MIC ��3���2 2 �g/mL -�/[��
*������# MC K1 CE ��� MN 

B4 BE 	�2	�������� MRSA $#�#
�
*��# "#	�
�3� MIC ��3���2 8 �g/mL �3��G�����#��2��2���3� MIC �3�

������2��
��
	�����2���� &2�3� �
������#�+����  6 ������# ��� MC K1 CE, MC K2 BE, MC K2 CE, 

MC O1 BE, MC O1 CE ��� MC P1 CE �
*�
@�B�C	�2	��� P. aeruginosa $#�#
�
*��# "#	�
�3� MIC ��3���2 2 

�g/mL -�/[��
*�
������#�&
	� 1 ��� ��� MP G1 CE �
@�B�C	�2	��� E. coli  $#�#
�
*��# "#	�
�3� MIC ��3���2 

128 �g/mL ���*�&����[�60�@�B�C/��������#�	�2-����	�2	��������	
��� &2�3� ������#�	�2 MC B2 BE 

��� MP G4 CE 	�2	��� C. albicans  $#�#
�
*��# ���������#�	�2 MC E3 CE ��� MP G1 CH 	�2	��� C. 

neoformans$#�#
�
*��# "#	������#���� 4 ���-���3� MIC �3������	
��� ��3���� ��� ��3���2 0.25 �g/mL 

�������
�	��&2�3� �
������#�+���� 4 ��� ��� MC B2 CE, MC I3 BE, MC I3 CH ��� MC K2 BE �
*�


@�B�C-����	�2	���������� M. gypseum $#�#
�
*��#  "#	�
�3� MIC ��3���2 32 �g/mL (������
* 9) 
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������
* 9 ������#�	�2�
*�
@�B�C-����	�2	����������
	�#
�
*��# 

 

������#�	�2�
*�
@�B�C-����	�2	����������
	�#
�
*��# 
Tested Microorganisms 

Crude extract  MIC  (�g/mL) 

S. aureus MC X1 CE 2 

MRSA MC K1 CE, MN B4 BE 8 

P. aeruginosa MC K1 CE, MC K2 BE, MC K2 CE, MC O1 BE, MC O1 

CE, MC P1 CE 

2 

E. coli MP G1 CE 128 

C. albicans MC B2 BE, MP G4 CE 0.25 

C. neoformans MC E3 CE, MP G1 CH 0.25 

M. gypseum MC B2 CE, MC I3 BE, MC I3 CH, MC K2 BE 32 

 

 

 �3� MIC /��������# �+���� 8 ��� ��� MC D1 CH, MC I3 BE, MC K2 BE, MC N1 BE, MC P1 

CE, MC X1 CE, MN B4 BE ��� MP I1 BE �
*�
@�B�C-����	�2	����������
	� 5 ���# ��#�#��������
* 10 

 

������
* 10 �3� MIC /��������#�
*�
@�B�C-����	�2	����������
	� 5 ���# 

 

MIC (�g/mL) 
Tested 

microorganisms 
MCD1 

CH 

MC I3 

BE 

MC K2 

BE 

MC N1 

BE 

MC P1 

CE 

MC X1 

CE 

MN B4 

BE 

MP I1 

BE 

S. aureus 200   200  8 128 200 

MRSA 200 128 32 128 200 200 128 200 

P. aeruginosa 200 200 2  0.25 200 8  

E. coli      200   

C. albicans 128 64 200 200 200  200 200 

C. neoformans 32 200 128 32 200  128 128 

M. gypseum  32 32 64 200 200  200 
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 ���G�����#��2@�B�C/��������#-����w3�������������
	����� &2�3� �
������#�&
	� 5 ��� �
*�


@�B�C-����w3�������������
	� "#	������##����3��-���3� MIC ��� MBC �3�������
*�+�����#��2 #����#�-�

������
* 11 

 

������
* 11 �3� MIC ��� MBC ���� MFC /��������#�3�������������
	��
*�#��2 

 

Isolates Type of crude extract Tested microorganism MIC/MBC  (�g/mL) 

MCJ3 CH C. albicans 64/128 

MCK4 BE C. neoformans 2/32 

 CH C. neoformans 16/128 

MCW1 CE S. aureus 128/128 

MPD3 BE S. aereus 128/128 

 

���������� 1HNMR profile ��������/� 

 �������#���&2�3�$#�������������
*�
 1H-NMR profile �
*�3���-� ���-��������#�	�2 scale 

-�,3
����[��� ����
 1H-NMR profile -�����
	���2������#��� scale ��X� �+���� 1 $�"'��� ��� ������� 

MCK4  

 ������� MCK4 �
����������
*�	�$#��������3�	�
��+���� Sargassum sp. ���������#���&� �������+�

�������#����3��$
�+�������#/���������"#	�+� ITS1-5.8S-ITS2 rDNA sequences $
�
�
	2��
	2��2 

sequence -� GeneBank &2�3� �������#����3���
����-�����
	���2�������-� GeneBank ���# Talaromyces 

trachyspermus  99.6%  ������� MCK4 �
 GenBank accession number  ��� JN107803 /[��
��+������/���!� 

BCC code 

 �+����2/���!��3� MIC ��� MBC /��������#�	�2�������� MCK4 ��#�G�#��������
* 12 
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������
* 12 �3� MIC ��� MBC /��������#�	�2�������� MCK4 

 

MIC/MBC (�g/mL) Antibiotics Tested 

microorganisms BE CH CE Antibitics  

S. aureus  200  1 Vancomycin 

MRSA 200 200 200 1  

P. aeruginosa 200  200 4 Gentamicin 

E. coli    0.5  

C. albicans 200 128 200 2 Amphotericin B 

C. neoformans 2/32 16/128 8 2  

M. gypseum    1 Miconazole nitrate 

 

���*!�"�����Q�J� 

        �
������������
*�	������*��
�
���-��������	$�"'��������6���������
*�
@�B�C-����	�2	���������

�
	�$#�#
 ����
*���
����	�����&�*�.0�1��!��"������������#��2@�B�C����
�W�&/������
*$#�����������

���3��
��3�$
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���������	������������	�%�&'�������#��XJ������		�q�Z�[��-���O�(�����# 

����	������%��������5	-5�- 
 

J$���������� : ��. 2�,�� 2�12��[� 
 

���
� 

&����.�/���
��&������$&��
*�
���-��-����������/����$�	����3"2��["#	-���
������

��������$&� "#	��&���	3��	�*� /�� (Zingiber officinale) ��1����-��������-�&�����# �
���� 

���*������
����#
����3�$
�+���3�	�3��
����. ��3� ����"
�� ~3���� ,
*
�(� 	�"�
 

�������Q������� �����6�������	$#�����+������/��
����.
R�����	����2�� '0*���1���� 

�����6/�	G�G���$#�����-��!
/���3�����/����3"#	�3����#�#���"������
��!
/��-�
����. 

$�	�23�/��
�!�����
�� 2 ���# ��� /���	��'0*��

����[�����3����	�� 90 ���/���GX#
����[ 

���	�� 10 "#	���3�G���/���	���
*�+���,�	!3-�W����������W���
��� $#���3 ������#��
	���	 

&��	� &�1[�"�� �&��2!�[� �����	 �3��/���GX#&����
*G����	!3-�W������ $#���3 ������#�&��2��
 

������
Q�  

&������/���� (Curcuma) ��3� 
����� (C. alismatifolia) ��� �����
	� (C. roscoena) 

�
��&���.�1Q����
*�+���,�
�������0*�-���.��
� ����
&����
*�&��
�!����-�W���������3���� $#���3 

������#��
	�-��3�����
	���	 "#	G����
��$�����6�� $����##�� ������&��B�� �3��3��
����. 

'0*��
�!��3��3����
����[ 30 ����2���3�
R ���#�3��
����.�
*�+���, ��� ���B������#� ,
*
�(� 

�������������3�
�������.�1Q���	�"�
 (����������, 2521; "���� ����[�, 2541) 

��
�����
*�+���,/�����
�!�/�����&������/�������
),�����*��"�� "#	��&��"����
*	� 

������/��"�������
�����
*���#��������������2��
��
	 '0*��+�������
	��	$#������	��������,���2 

"� �����������
	��	�	3������3�
����[G�G��������[W�&/�����/�� "#	��&����[
�3���� 

�����&��B��
�����$

����.���B������#� ���/����#���-����������2������2��
��
	������ 

"����
*	� (Ralstonia solanacearum) �0������
���-��������
����������-������2������ 

��2�#/��"�� (����������, 2521) 

���-��������
-������2���"������3���-��G�#
��3�+�-�����������G����!�/0�� �0�/�# 

���������6-�����/3�/����2
����.�!3�/3����#������� ���	���
&�1���������3�-�����# 

������	�3���[W�&�
��������*���#���� '0*�������#������-��������
-�
����[�
*�������$
���� 

-��G�#��B
 ������
���$
�+���	�������
	��
*�

��"	�����3&��-�#�� ����.���!B������� ������� 

�+�-������������������#����������� 
����2��2
)���2������3������������1���
*��3��������� 


��#W�	���#����������������1���22	�*�	�� ��3� ��1�������
	� ��1��B������� ��1�� 


��#W�	������&�1�
���
*����������/0�� #�����������2���"��&��"#	�
���B
"#	���-���������
	� 
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���3��3��{ ��3� �2��
��
	���"#$%����������"#$%��'0*���#�
���������
	����3��
*�
.��	W�&-���� 

$#���'0*�������@�B�C����
�W�& (Bills et al., 2002; Strobel and Daisey, 2003; Cassady et al., 

2004; Ezra et al., 2004; Lumyong et al., 2004; Strobel et al., 2004; Du and Shen, 2006; Lacava et 

al., 2008) '0*�����
���������������������
	�-����3�-��3{ ����
��G���W�[�����B��������
* 

�����6-��-�����3�������������,/��&��������2���"��&�� �#������-��������
�
*�����+��/�� 

$#��X���
��������-�����#���������G��� �&�*�.��	W�&-�����/3�/����2
����.�!3�/3� ��� 

��#���������
*	�������&�1������ ������+�$
�!3�����1���22	�*�	�� ���&�����.�1Q��������� 

�
*	�*�	�� ��������
��#W�	 
 

���X�*�"�-�� 

1. �&�*���#�������������
	����"#$%���
*�	�$#����&����.�/��-���������������@�B�C���� 

������2��
��
	�����������
*�
��������"����
*	�/��/�� 

2. �&�*���#�������������
	����"#$%���
*�	�$#����&����.�/��-���������$'�#�"�%��� 
 

������	-!�"J�������	- 

�����#���������"#$%���
*�����������@�B�C����������2��
��
	�����������
*�
��������"����
*

	�/��/�� 

�&����
�	������"#$%���
*�	�$#����&����.�/�� $#���3 �����
	�/��: Curcuma parviflora, 

������: Zingiber zerumbet, ���: Amomum siamensis, /3�: Alpinia galanga, /3�
(�: Alpinia 

malaccensis, 
�#�����: Etlingera litteralis ��� $&�: Zingiber cassumunar '0*���X2���� 

������
*W�������
����	� �[����	�.����� ������	���	��
	�-��3 �+���� 133 $�"'��� 2������ 

PDA 23��
*��[�W!��������� 7 ��� ��������+�$
��
�	�-���������� 5 ���# (F1: glucose soybean 

meal broth, F2: malt extract corn starch broth, F3: glucose soybean oil peptone broth, F4: potato 

dextrose galangal powder broth and F5: potato dextrose broth) "#	-���/X� 

�/
*	�������#2����[
��	����-	-���
/��#
����[ 0.3 cm � 0.3 cm �+�$
-�3-���������� 5 ml 

�
*2����-����#�#��� /��# 18 mm � 180 mm ���#�� 2 ���� ����23��
*��[�W!������ (27–30 

ºC) ��� 7 ��� 2�����*���/	3��22'��	-/���
*�������X� 120 ��2/���
 ����������������+���
�	� 

������
*$#�$
���##��	 ethyl acetate ����	����#��	 rotary evaporator ��$#�������#�	�2 

�����������	������#�	�2/�����$�"'���-� dimetyl sulfoxide (10% DMSO) 1 ml �3�� 

�+�$
��X2�
* -20 ºC �&�*����#��2��������@�B�C����������2��
��
	 Ralstonia solanacearum 

���������� Fusarium oxysporum �
*�
��������"����
*	� #��	��B
 agar well diffusion assay 

"#	�	#������#�	�2�
*$#� 35 �l ��-���3�� well �
*�
/��#����G3�.!�	����� 0.5 mm '0*����� 

���
	�$��-��������� NA ��� PDA �
*
�!�������2��
��
	�������������� ����+�#�2 �+���� 
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������#��2������#$
23��
*��[�W!�� 27–30 ºC ��� 2 ��� �+����2������2��
��
	 ������ 5 ��� 

�+����2����������������������6-����	�2	���������3�"��#����3�� "#	��#/��#����G3�.!�	����� 

��-� 

��������#��������������"#$%�� 133 $�"'��� -���������������@�B�C����������2��
��
	 

����������������"����
*	�-�&����.�/�� &2�3��3�����#�	�2#��	 ethyl acetate /����+���
�	� 

/�������"#$%�� 100 $�"'��� �����6	�2	����������,/�������������"����
*	�$#� (Table 1) 

"#	�+�-�����#2����[-�/��#�����3�������3���2 7 mm ������#�	�2/�� PDB136 �
*��
�	� 

-������ F4 ��� F5, PDB141 ��� PDB152 �
*��
�	�-������ F4 ��� PDB148 �
*��
�	�-������ 

F5 	�2	���������2��
��
	������"����
*	�$#�#
�
*��# (/��#����G3�.!�	�������-� 15–16 mm) 

�3��������#�	�2/�� PDB28 �
*��
�	�-������ F1 	�2	���������� F. oxysporum (/��#����G3� 

.!�	�������-� 9 mm) $#�#
�
*��# 
 

�����#�����2��
��
	���"#$%���
*�����������@�B�C����������2��
��
	�����������
*�
������

��"����
*	�/��/�� 

�&����
�	��2��
��
	���"#$%���
*�	�$#����&����.�/�� $#���3 ���: Amomum siamensis, 

���/3�
(�: Alpinia malaccensis '0*���X2����������
*W�������
����	� �[����	�.����� 

������	���	��
	�-��3 �+���� 11 $�"'��� 2������ NA #��	��B
 streak plate 23�������
* 

��[�W!������ (27–30 ºC) 24 ��*�"�� �������-���3����#63�	������2��
��
	���"#$%����3�� 

$�"'����������&����
�	�-������ NB 23�2�����*���/	3��22'��	-/��#��	������X� 120 ��2/���
 

�
*��[�W!������ 16 ��*�"�� ����+�$
��
�	��3�-���������� 3 ���# (NB: nutrient broth, F2:GPYM: 

glucose peptone yeast-malt extract broth and F3:GYC: glucose yeast extract corn starch broth) 

"#	-��
��
�#!#������
*���
	�$#�
������ 5 ml �+�$
-�3-���������� 70 ml �
*2����-�/�#�!
��&!3 

/��# 250 ml 23��
*��[�W!������ 7 ��� 2�����*���/	3��22'��	-/���
*�������X� 120 ��2/���
 

�������
)�����
*	���X2��+���
�	�������
*$#�$
���##��	 ethyl acetate ����	����#��	 rotary evaporator 

��$#�������#�	�2 �����������	������#�	�2/�����$�"'���-� dimetyl sulfoxide (10% 

DMSO) 1 ml �3���+�$
��X2�
* -20 ºC �&�*����#��2��������@�B�C����������2��
��
	��� 

�������������"����
*	� #��	��B
 agar well diffusion assay ��3��#
	���2�
*�#��2�������� 

@�B�C/�������"#$%�� 

��������#�����2��
��
	���"#$%�� 11 $�"'��� -���������������@�B�C��������� 

�2��
��
	����������������"����
*	�-�&����.�/�� &2�3�$�3�
������#�	�2/���2��
��
	���"#- 

$%��$�"'���-#�
*	�2	����������,/���2��
��
	 R. solanacearum $#� �	3��$��X���&2�3���� 

���#�	�2����2��
��
	���"#$%��$�"'��� ZB9 �
*��
�	�-������ F3 ��� ZB7 �
*��
�	�-� ����� 
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NB 	�2	����������,/���� F. oxysporum $#�#
�
*��#�
������+�#�2��� (/��#����G3�.!�	�������-� 

15 ��� 10 mm) (Table 2) 
 

Table 1. Antimicrobial activity (inhibition zone � 7 mm) of zingiberaceous endophytic fungi 

cultured in different media (F1-F5) against wilt pathogens. 

Wilt pathogen No. of active extract/  

No. of extract tested 

Inhibition zone 

(mm) 

No. of hazy active 

extract 

Ralstonia solanacearum BS322 

F1 48/108  8.0–15 20 

F2 23/108 8.0–13 10 

F3 35/108 8.0–13 12 

F4 36/108 8.0–15 15 

F5 44/108 8.0–15 21 

R. solanacearum TNCC128 

F1 21/47 7.0–12 0 

F2 32/47 7.5–15 3 

F3 31/47 7.5–14 1 

F4 30/47 7.5–16 1 

F5 43/47 7.5–16 3 

R. solanacearum TNCC1512 

F1 18/47 7.0–10 2 

F2 24/47 7.0–13 1 

F3 27/47 7.0–14 2 

F4 27/47 7.0–13 3 

F5 39/47 7.0–13 0 

Fusarium oxysporum BS268 

F1 3/133 7.0–10 0 

F2 0/133 0 0 

F3 1/133 7 0 

F4 3/133 7.0–7.5 0 

F5 7/133 7.0–8 0 
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Table 2. Antimicrobial activity (inhibition zone � 7 mm) of zingiberaceous endophytic bacteria 

cultured in different media against wilt pathogens. 

Ralstonia solanacearum BS322 Fusarium oxysporum BS268 
Endophytic bacteria 

NB F2:GPYM F3:GYC NB F2:GPYM F3:GYC 

ZB1 - - - - - - 

ZB2 - - - - - - 

ZB3 - - - - - - 

ZB4 - - - - - - 

ZB5 - - - - - - 

ZB6 - - - - - - 

ZB7 - - - 10 - - 

ZB8 - - - - - - 

ZB9 - - - - - 15 

ZB13 - - - - - - 

ZB14 - - - - - - 

- = no activity 
 

�����#�������������
	����"#$%���
*�����$'�#�"�%��� 

�+�����#��2���������$'�#��"�%���"#	�&����
�	������"#$%�� �+���� 37 $�"'��� 

2������ PDA 23��
*��[�W!��������� 7 ��� ��������+�$
��
�	�2�������/X� chrome azurol S 

(CAS agar) "#	-�� Pasture pipette (����G3�.!�	����� 0.5 cm) �
*w3������������#2����[/�2"�"��
 

���-���/X��/
*	������+�$
�������� 3 ���� 23�-��
*��# �
*��[�W!������ (27–30 ºC) ��� 7 ��� 

�������
/�������2����[��2"�"��
���
�
*	���� �
��+������
���
������ ��� ������&! ��#��3� 

����������3�����������$'�#�"�%��� ��#��	��3������3��/�2�
*������
�
*	��
���/�2"�"��
 

/������� (halo zone) �������������2��!3%)������/��$'�#��"�%���"#	�����
�	������-� 

��������� Modified Gaus No. 1 (MGs-1 broth, You et al., 2004) 5 ml �
*2����-����#�#��� 

/��# 18 mm � 180 mm ���#�� 3 ���� 23�-��
*��#�
*��[�W!������ (27–30 ºC) ��� 7 ��� 

2�����*���/	3��22'��	-/���
*�������X� 120 ��2/���
 �������
)�����
*	��	��'��������
* 11,000 rpm 

��� 15 ���
 �+��������	�3��-��
*$#�$
�����3��
������"��������$~#���'����$'�#� 

"�%���#��	��B
 Arnow assay (Arnow, 1937) ��� Ferric perchlorate asay (Atkin et al., 1970) 

��#�3����#!#����
*����	�����*� 500 nm ��� 480 nm �����#
����[/�����"#	
����[ 

��
	2��2���%�������	����Q�� 2,3-dihydroxybenzoic acid ��� deferoxamine mesylate 

����+�#�2 

��������#���������"#$%���
*��������$'�#�"�%���2������ CAS agar &2�3������"# 

$%���+����������0*�-��G�2�� (Table 3) "#	�����"#$%��$�"'��� PDB37, PDB82 ��� 
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PDB190 ����� halo zone ����� �� 5, 8 ��� 5 mm ����+�#�2 (Figure 1) �	3��$��X��� 

���*������2��$�"'���$
������2��!3%)������/��$'�#��"�%��� "#	�����
�	������-���������� 

MGs-1 &2�3�
����[����
*&2�����B
�
�$�3��#�������2�����#����2�������/X� (Table 4) ��3� 

PDB136 ����� halo zone ����� �� 2 mm -�/[��
* PDB141 ����� halo zone ���	�� �� 2 mm 

��3���*�������2"#	�����
�	������-���������� MGs-1 &2�3������������������$~#���'���� 

$'�#�"�%��� 3.33 ��� 150.71 �g/ml ����+�#�2 

 

 

 

 

 

 

 

 

            Figure 1. Halo zone on CAS agar, a. PDB37, b. PDB82, c. PDB190. 

 

Table 3. Qualitative siderophore production by zingiberaceous endophtic fungi 

Siderophore 

Halo diameter on CAS agara No. of isolate 

+++ 3 

++ 10 

+ 12 

- 12 

a- = 0 mm; + < 2 mm; ++ = 2–5 mm; +++ > 5 mm 
 

Table 4. Siderophore production by zingiberaceous endophtic fungi 

Siderophore 
Endophytic fungi 

Halo diameter on CAS agara Hydroxamate (�g/ml)b 

PDB119 - 4.65 ± 0.5 

PDB136 ++ 3.33 ± 0.0 

PDB141 + 150.71 ± 1.1 

PDB151 + 33.13 ± 4.4 

a- = 0 mm; + < 2 mm; ++ = 2–5 mm 
bAverage ± standard error from three replicates 
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�������
��	!3-�����3��.0�1�G������������$'�#�"�%���-���������� MGs-1 �+���� 22 

$�"'���  �23��
�� �2��
��
	���"#$%�� 11 $�"'���, �����"#$%�� 11 $�"'��� 
 

�����#��������"#$%���
*�
G�2���
*�3���-��&�*���
�	������������X��������-�,3 

��
�	������������X� (150 ml) "#	�������������"#$%���
*	�2	���������2��
��
	����������������� 

"����
*	�$#� �+���� 20 $�"'��� (�2��
��
	���"#$%�� 3 $�"'���, �����"#$%�� 17 $�"'���) 

���#�	����#��	 ethyl acetate ����3��3�����#�	�2������@�B�C�
�W�&��������"#$%���
* 

��#����������&�*�2���0� 1H NMR ��
����� ���������#��������"#$%����
�	����������-�,3"#	 

&����[����/���!� 1H NMR ��
����� �
*�3���-� �&�*��3��	����2�����B�C�������������!��"��� 

����� �+���� 4 $�"'��� (Table 5) 
 

Table 5. Selected zingiberaceous endophytes having anti-wilt pathogens activity for small- and 

large-scale culture. 
 

Endophytes Sample code of extract Small scale Large scale 

Bacteria    

ZB1 ZB1NB, ZB1F2, ZB1F3 /  

ZB7 ZB7NB /  

ZB9 ZB9F3 /  

Fungi    

PDB7 7F3 / / 

PDB21 21F1 / / 

PDB25 25F1, 25F5 /  

PDB28 (Fusarium sp.) 28F1 /  

PDB37 37F5 /  

PDB82 82F5 /  

PDB141 (Fusarium sp.) 141F4 / / 

PDB154 (Fusarium sp.) 154F3, 154F5 /  

PDB161 (Xylaria sp.) 161F3 /  

PDB163 (Xylaria sp.) 163F5 /  

PDB166 (Xylaria sp.) 166F4 /  

PDB167 (Xylaria sp.) 167F1, 167F5 /  

PDB168 (Phomopsis sp.) 168F5 /  

PDB169 (Phomopsis sp.) 169F4, 169F5 /  

PDB178 178F2, 178F4 /  

PDB181 181F2 /  

PDB197 (Pestalotiopsis sp.) 197F2 / / 
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a b s t r a c t

Three dimeric g-lactones (1–3), one dihydronaphthalene-2,6-dione (4), one hexahydroindenofuran (5),
one cyclopentanone (6), and one lasiodiplodin (7) were isolated from the endophytic fungi
Botryosphaeria rhodina PSU-M35 and PSU-M114 along with twelve known metabolites. The structures
and the proposed stereochemistry of the newmetabolites were established by spectral data analysis. The
isolated compounds were submitted for evaluation of the antibacterial activity against Staphylococcus
aureus, both standard and methicillin-resistant strains.

� 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Various types of compounds were isolated from the genus
Botryosphaeria. Some of them showed interesting biological
activities such as antibacterial primin,1 antiseptic mellein,2 phyto-
toxic 4-hydroxymellein,3 and antimicrobial lasiodiplodin.4 In our
ongoing search on bioactivemetabolites from endophytic fungi, the
broth extracts of two endophytic fungi, B. rhodina PSU-M35 and
PSU-M114, displayed antibacterial activity against Staphylococcus
aureus, both standard ATCC 25922 (SA) and methicillin-resistant
(MRSA) strains. We describe herein the isolation of three new di-
meric g-lactones (1–3), one newdihydronaphthalene-2,6-dione (4),
one new hexahydroindenofuran (5) together with two known
compounds, dihydro-4-(hydroxymethyl)-3,5-dimethyl-2(3H)-fur-
anone (8)5 and (3S,4S)-(-)-4-acetyl-3-methyl-2(3H)-dihydrofur-
anone (9)6 fromB. rhodinaPSU-M35. In addition, onenewcarboxylic
acidderivative (6) andonenewlasiodiplodinderivative (7) aswell as
tenknownones, (3S)-lasiodiplodin (10),7 (5R)-hydroxylasiodiplodin
(11),8 (5S)-hydroxylasiodiplodin (12),8 (R)-(-)-mellein (13),9

cis-(3R,4R)-(-)-4-hydroxymellein (14),10 trans-(3R,4S)-(-)-4-hydroxy-
mellein (15),10 (R)-(-)-5-hydroxymellein (16),11 (R)-(-)-2-octeno-d-
lactone (17),12 tetrahydro-4-hydroxy-6-propylpyran-2-one (18),13

and 6-methylsalicylic acid (19)14 were obtained from B. rhodina
PSU-M114. Their antibacterial activity against SA and MRSA
strains was examined.

2. Results and discussion

The endophytic fungi PSU-M35 and PSU-M114 were isolated
from the leaves of Garcinia mangostana. As neither conidia nor
spores were observed, these fungi were identified based on the
analyses of the nuclear ribosomal internal transcribed spacer (ITS)
regions. The ITS sequences of PSU-M35 (EF564146) and PSU-M114
(EF564147) are well placed in the B. rhodina subclade comprising
nine sequences of B. rhodina. (DQ008312, DQ008311, DQ008310,
DQ008309, DQ008308, DQ307677, AY568635, AY9412180 and
AY745998) with 89% statistical support and sequence similarity
between 99.2 and 100.0%. Moreover, sequence similarity between
PSU-M35 and PSU-M114 was 98.7%. These fungi were then iden-
tified as B. rhodina.

The crude EtOAc extract from the culture broth of the fungus
PSU-M35 was subjected to various chromatographic techniques,
leading to the isolation of five new (1–5) and two known (8–9)
compounds. All metabolites except for compound 4were g-lactone
derivatives. One new compound (6) along with ten known ones
(10–19) were obtained from the broth extract of the fungus PSU-
M114. In addition, investigation of the mycelial extract afforded one
new metabolite (7). Compounds 11 and 12 were isolated as their

* Corresponding author. Tel.: þ66 74 288 435; fax: þ66 74 212 918.
E-mail address: vatcharin.r@psu.ac.th (V. Rukachaisirikul).
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acetate derivative. Their structures were elucidated by analysis of
spectroscopic data, including IR, UV, NMR and MS. The relative
configuration was assigned according to NOEDIFF results. In addi-
tion, the absolute configuration of compounds 1–3 and 8 was
proposed on the basis of the known absolute configuration of 9. It is
worth to note that compounds 1–3 were not artifacts formed from
the monomers 8 and 9 as their anomeric protons (H-10) were
present in the 1H NMR spectrum of the fraction obtained from the
first chromatographic separation of the crude extract.

Botryosphaerilactone A (1) was obtained as a colorless gumwith
[a]D

27 �1.2 (c 0.77, MeOH). The UV spectrum showed a maximum
absorption band at lmax 286 nm. Its IR spectrum exhibited ab-
sorption bands at 3438 and 1770 cm�1 for hydroxyl and g-lactone
carbonyl groups, respectively. The HREIMS showed the molecular
formula C14H24O5, corresponding to three degrees of unsaturation.
The 1H NMR spectral data (Table 1) consisted of signals for the
g-lactone identical to those of 8, threemethine protons [dH 4.31 (dq,
J¼9.0 and 6.5 Hz, 1H), 2.54 (dq, J¼11.5 and 7.2 Hz, 1H) and 1.92 (m,
1H)], two nonequivalent oxymethylene protons [dH 3.85 (dd, J¼10.2
and 4.2 Hz, 1H) and 3.41 (dd, J¼10.2 and 5.4 Hz, 1H)] and two
methyl groups [dH 1.43 (d, J¼6.5 Hz, 3H) and 1.27 (d, J¼7.2 Hz, 3H)].
The 1H–1H COSY and HMBC data as well as the 13C NMR data
supported the presence of this moiety.

The remaining proton signals belonged to a g-lactol derivative of
8. The following 1H–1H COSY and HMBC correlations were in
agreement with this conclusion. In the 1H–1H COSY spectrum, the
anomeric proton, H-10 (dH 4.68), was coupled with H-14 (dH 2.03),
which was further coupled with H-13 (dH 1.54) and H3-15 (dH 1.14).
The same correlations of H-13/H-12 (dH 3.98), H-14 and H2-16 (dH
3.71 and 3.68) and H-12/H3–17 (dH 1.35) were also observed. A 3J
HMBC correlation of H-10 with C-12 (dC 77.5) together with the
chemical shift of C-10 (dC 109.9) established the lactol unit having
the methyl groups at C-12 and C-14 and the hydroxymethyl group
at C-13. The ether linkage between C-8 (dC 65.4) of the lactone unit
with C-10 of the lactol ring was established according to a HMBC
correlation of H2-8 with C-10 as well as that of H-10 with C-8.

The relative configuration of the lactone ring was identical to
that of 8 on the basis of signal enhancement of H3-6 and H3-7 upon
irradiation of H-4 in the NOEDIFF experiment. In addition, the lactol
unit displayed signal enhancement of H3-15 and H3-17 after irra-
diation H-13. These NOEDIFF results were identical to those of the
lactone ring. Moreover, irradiation of H3-15 affected the signal in-
tensity of H-10, thus indicating their cis-orientation. As compounds
1 and 8were co-metabolites, we proposed that 1would be derived
in nature from two molecules of 8. The spatial arrangement of both

rings would be the same as that of 8. Consequently, the absolute
configuration in 1 was proposed to be 3S, 4R, 5R, 10S, 12R, 13R and
14S on the basis of known absolute configuration of its comet-
abolite 8. Consequently, botryosphaerilactone A had the structure 1
(Fig. 1).

Botryosphaerilactone B (2) was obtained as a colorless gumwith
[a]D

26 þ4.5 (c 0.57, MeOH). The UV and IR spectra were similar to
those of 1. The HREIMS showed the molecular formula C14H22O5,
indicating that 2 contained one degree of unsaturationmore than 1.
The 1H NMR spectral data (Table 1) were similar to those of 1 except
for proton signals of the lactol ring. The hydroxymethylene protons
[dH 3.71 (dd, J¼10.0 and 5.0 Hz, 1H) and 3.68 (dd, J¼10.0 and 5.0 Hz,
1H)] in 1 were replaced, in 2, by the methyl protons of an acetyl
group (dH 2.19, s, 3H). The attachment of the acetyl group at C-13 (dC
58.5) of the lactol unit was supported by a HMBC correlation of H3-
17 with C-13. In addition, the oxymethine proton (dH 3.98) and the
coupled methyl protons (dH 1.35) in 1 were substituted by two
nonequivalent oxymethylene protons [dH 4.20 (dd, J¼9.0 and
7.0 Hz, 1H) and 4.06 (t, J¼9.0 Hz, 1H)] in 2. These results established
the lactol with the acetyl and methyl groups at C-13 and C-14,
respectively. Irradiation of H-14 (dH 2.52, m, 1H) in the NOEDIFF
experiment enhanced signal intensity of H3-15 (dH 1.18) and H3-17
(dH 2.19), but not H-10, indicating trans-relationship between H-10

and H-14. These results indicated that the configuration of C-10, C-
13 and C-14 was identical to that of 1. Thus, botryosphaerilactone B
(2) was assigned as a new dimeric g-lactone, which would be de-
rived from the condensation of 8 and a lactol derivative of 9.

Botryosphaerilactone C (3) was obtained as a colorless gumwith
[a]D

26 þ5.2 (c 0.77, MeOH). The UV, IR, 1H (Table 1) and 13C NMR
(Table 1) spectra were almost identical to those of 1. Furthermore,
the HREIMS of 1 and 3 displayed the same molecular formula.
These results indicated that 3might be an isomer of 1. Irradiation of
H-14 affected the signal intensity of H-10 (dH 4.79) and Hab-16 (dH
3.80 and 3.66), indicating their cis-relationship. Thus, botryos-
phaerilactone C (3) was assigned as a C-10 epimer of 1.

Botryosphaeridione (4) was obtained as a pale yellow gumwith
[a]D

27 �13.2 (c 0.68, MeOH). The UV spectrum showed maximum
absorption bands at lmax 242 and 289 nm. Its IR spectrum displayed
absorption bands at 3354 and 1673 cm�1 for hydroxyl and conju-
gated carbonyl groups, respectively. The HREIMS showed the mo-
lecular formula C12H12O3, indicating that compound 4 consisted of
seven degrees of unsaturation. The 1H NMR spectral data (Table 2)
exhibited signals of cis-olefinic protons of an a,b-unsaturated car-
bonyl unit (dH 7.22, d, J¼10.2 Hz, 1H and 6.20, d, J¼10.2 Hz, 1H), two
olefinic protons of trisubstituted double bonds (dH 6.64, s, 1H and

Table 1
NMR data for botryosphaerilactones A (1), B (2) and C (3)

Position 1 2 3 HMBC

dH, mult, J in Hz dC, mult. dH, mult, J in Hz dC, mult. dH, mult, J in Hz dC, mult.

2 178.7, qC 178.6, qC 178.8, qC
3 2.54, dq, 11.5, 7.2 38.3, CH 2.52, m 38.1, CH 2.58, dq, 11.5, 7.0 38.2, CH C-2, C-4, C-7, C-8
4 1.92, m 51.4, CH 1.86, m 51.4, CH 1.93, m 51.6, CH C-3, C-5, C-6, C-7, C-8
5 4.31, dq, 9.0, 6.5 77.5, CH 4.26, dq, 9.5, 6.0 77.3, CH 4.33, dq, 9.0, 6.0 77.6, CH C-8
6 1.43, d, 6.5 20.0, CH3 1.41, d, 6.0 19.9, CH3 1.45, d, 6.0 20.0, CH3 C-4, C-5
7 1.27, d, 7.2 14.2, CH3 1.24, d, 7.0 14.1, CH3 1.27, d, 7.0 14.0, CH3 C-2, C-3, C-4
8 a: 3.85, dd, 10.2, 4.2

b: 3.41, dd, 10.2, 5.4
65.4, CH2 a: 3.78, dd, 10.0, 4.5

b: 3.36, dd, 10.0, 5.5
64.9, CH2 a: 3.86, dd, 10.0, 5.5

b: 3.40, dd, 10.0, 4.0
64.5, CH2 C-3, C-4, C-5, C-10

10 4.68, d, 1.5 109.9, CH 4.69, d, 2.0 109.5, CH 4.79, d, 4.5 105.0, CH C-8, C-12, C-13, C-14
12 3.98, dq, 7.5, 6.0 77.5, CH a: 4.20, dd, 9.0, 7.0

b: 4.06, t, 9.0
67.0, CH2 4.06, dq, 8.5, 6.5 79.4, CH C-10, C-13, C-16

13 1.54, m 55.7, CH 2.70, m 58.5, CH 1.74, m 52.9, CH C-10, C-15, C-16, C-17
14 2.03, m 43.9, CH 2.52, m 43.3, CH 2.08, m 41.5, CH C-10, C-15, C-16
15 1.14, d, 7.2 18.5, CH3 1.18, d, 7.0 18.0, CH3 1.03, d, 7.0 12.0, CH3 C-10, C-13, C-14
16 a: 3.71, dd, 10.0, 5.0

b: 3.68, dd, 10.0, 5.0
63.5, CH2 205.5, qC a: 3.80, dd, 10.0, 4.5

b: 3.66, dd, 10.0, 6.0
62.6, CH2 C-12, C-13, C-14

17 1.35, d, 6.0 20.9, CH3 2.19, s 29.0, CH3 1.32, d, 6.5 23.2, CH3 C-12, C-13
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6.06, s, 1H), one hydroxy proton (dH 6.41, s, 1H), one methine proton
(dH 2.64, q, J¼7.2 Hz, 1H) and two methyl groups (dH 1.39, s, 3H and
0.91, d, J¼7.2 Hz, 3H). The 13C NMR spectrum (Table 2) showed two
ketone carbonyl (dC 201.0 and 181.4), three quaternary (dC 158.2,
148.2 and 45.7), five methine (dC 141.5, 129.7, 128.1, 123.7 and 53.4)
and two methyl (dC 29.4 and 15.6) carbons. In the 1H–1H COSY
spectrum, the methyl protons, H3-12 (dH 0.91), were correlated
with H-6 (dH 2.64) while one of the cis-olefinic protons of the a,b-
unsaturated carbonyl unit, H-8 (dH 6.20), gave a cross peak with the
other one, H-9 (dH 7.22). The HMBC correlations of both H-6 and H-
9 with C-5 (dC 45.7), C-7 (dC 201.0) and C-10 (dC 158.2) as well as the
chemical shift of C-10 established a cyclohexenone unit with the
methyl group and an exocyclic double bond at C-6 (dC 53.4) and
C-10, respectively. The location of the methyl group was confirmed
on the basis of the HMBC cross peaks of these methyl protons with
C-5, C-6 and C-7. The 3J HMBC correlations of the olefinic proton, H-
1 (dH 6.64), with C-5 and C-9 (dC 141.5) further implied that the
exocyclic double bond was the trisubstituted one.

The hydroxy proton, 3-OH (dH 6.41), showed HMBC cross peaks
with C-2 (dC 181.4), C-3 (dC 148.2) and C-4 (dC 123.7) while the
remaining olefinic proton, H-4 (dH 6.06), was correlated with C-2.
Thus, a 2-hydroxypropenonyl unit was constructed. The HMBC
correlations of H-4/C-6 and C-10 and that of H-1/C-3 established
a naphthalenedione skeleton by connecting C-1 and C-5 of above
cyclohexenone with C-2 and C-4 of the 2-hydroxypropenonyl unit,
respectively. The remaining methyl protons, H3-11 (dH 1.39),
exhibited the HMBC correlations with C-4, C-5 and C-10 (dC 158.17),
connecting the methyl group at C-5. The relative configuration of
compound 4was assigned by the NOEDIFF results. Irradiation of H-
6 enhanced signal intensity of H3-11, indicating their cis-relation-
ship. Therefore, botryosphaeridione (4) was assigned as a new
dihydronaphthalene-2,6-dione derivative.

Botryosphaerihydrofuran (5) was obtained as a colorless gum
with [a]D

27 �23.8 (c 0.14, MeOH). The UV spectrum displayed
absorption bands at lmax 220 and 280 nm. The IR spectrum showed
an absorption band at 1664 cm�1 for a double bond functional group.
The HREIMS displayed themolecular formula C14H18O2, implying the
presence of six degrees of unsaturation. The 1H NMR data (Table 3)
consisted of signals of cis-olefinic protons [dH 6.89 (d, J¼10.0 Hz, 1H)
and 5.90 (d, J¼10.0 Hz, 1H)], one olefinic proton of a trisubstituted
double bond (dH 6.01, s, 1H), two sets of nonequivalent methylene
protons [dH 4.15 (t, J¼9.0 Hz, 1H) and 3.40 (t, J¼9.0 Hz, 1H); 1.76 (d,
J¼14.5 Hz, 1H) and 1.49 (d, J¼14.5 Hz, 1H)], two methine protons [dH
2.52 (m, 1H) and 2.31 (m, 1H)] and three methyl groups [dH 1.41 (s,
3H), 1.05 (d, J¼7.0 Hz, 3H) and 0.99 (d, J¼7.0 Hz, 3H)]. The 13C NMR
spectrum (Table 3) showed four quaternary (dC 139.3, 99.4, 77.0 and
38.8), five methine (dC 143.6, 131.7, 126.4, 53.6 and 43.4), two
methylene (dC 71.3 and 33.1) and three methyl (dC 27.8, 14.4 and 8.9)
carbons. The 1H–1H COSY spectrum showed cross peaks of H3-11 (dH
0.99)/H-5 (dH 2.31) and H-6 (dH 5.90)/H-5 and H-7 (dH 6.89). The
HMBC spectrum displayed correlations of H-5/C-4a (dC 38.8), C-7a
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Figure 1. Metabolites isolated from the endophytic fungi B. rhodina PSU-M35 and PSU-M114.

Table 2
NMR data for botryosphaeridione (4)

Position dH, mult, J in Hz dC, mult. HMBC correlation

1 6.64, s 128.1, CH C-3, C-5, C-9
2 181.4, qC
3-OH 6.41, s 148.2, qC C-2, C-3, C-4
4 6.06, s 123.7, CH C-2, C-3, C-5, C-6, C-10, C-11
5 45.7, qC
6 2.64, q, 7.2 53.4, CH C-5, C-7, C-10, C-11, C-12
7 201.0, qC
8 6.20, d, 10.2 129.7, CH C-6, C-9, C-10
9 7.22, d, 10.2 141.5, CH C-1, C-5, C-7, C-10
10 158.2, qC
11 1.39, s 29.4, CH3 C-3, C-4, C-5, C-6, C-10
12 0.91, d, 7.2 15.6, CH3 C-5, C-6, C-7
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(dC 139.3), C-10 (dC 27.8) and C-11 (dC 14.4), H-7/C-4a, C-7a and C-8
(dC 131.7) and H3-10 (dH 1.41)/C-4 (dC 33.1), C-4a, C-5 and C-7a.
Furthermore, C-4 and C-8 gave HMQC cross peaks with Hab-4 (dH
1.76 and 1.49) and H-8 (dH 6.01), respectively. These results together
with HMBC correlations of H-8 with C-4a and C-7a and those of Hab-
4 with C-4a and C-5 established a cyclopentene having a cis-double
bond at C-6 and C-7, twomethyl groups at C-4a and C-5 as well as an
exocyclic trisubstituted double bond and one methylene unit at C-7a
and C-4a, respectively.

The methine proton, H-3 (dH 2.52), was coupled with Hab-2 (dH
4.15 and 3.40) and H3-9 (dH 1.05) in the 1H–1H COSY spectrum. The
HMBC correlations of H3-9/C-2 (dC 71.3), C-3 (dC 43.4) and C-3a (dC
77.0) and Hab-2/C-3a, C-8a (dC 99.4) and C-9 (dC 8.9) together with
the chemical shift of C-2 established a tetrahydrofuran moiety with
a methyl group at C-3. The chemical shifts at C-3a and C-8a
established an epoxide unit at these carbons. The linkage between
C-3a and C-4 and that between C-8a and C-8 (dC 131.7) were
established according to the HMBC correlations of H-4 with C-3a
and C-8a and that of H-8 with C-3a to form a tetracyclic skeleton.
Irradiation of the methine proton, H-5 (dH 2.31), in the NOEDIFF
experiment enhanced signal intensity of H3-10, indicating their cis-
relationship. In addition, signal intensity of Ha-4 was enhanced
after irradiation of either H3-9 or H3-11. These results together with
the molecular model (Fig. 2) established the relative configuration
as shown. Therefore, botryosphaerihydrofuran was assigned to
have the structure 5 (Fig. 1).

Botryosphaerinone (6) was obtained as a colorless gum with
[a]D

28 �23.2 (c 0.14, MeOH). The IR spectrum exhibited absorption
bands at 3441 and 1728 cm�1 for hydroxyl and carbonyl groups,
respectively. The HREIMS showed the molecular formula C12H18O3.
The 1H NMR spectral data (Table 4) exhibited signals of cis-olefinic
protons [dH 5.39 (dtt, J¼10.5, 7.2 and 1.2 Hz, 1H) and 5.19 (m, 1H)],
two methine protons [dH 2.29 (m, 1H) and 1.85 (m, 1H)], five sets of
methylene protons [dH 2.68 (dd, J¼18.5 and 7.8 Hz, 1H) and 2.28
(m, 1H); 2.31 (m, 2H); 2.25 (m, 1H) and 1.45 (m, 1H); 2.22 (m, 1H)
and 2.05 (m, 1H); 1.98 (m, 2H)] and one methyl group [dH 0.89
(t, J¼7.5 Hz, 3H)]. The 13C NMR spectrum (Table 4) showed one
ketone carbonyl (dC 219.0), one carboxylic carbonyl (dC 177.5), four
methine (dC 134.2, 124.8, 53.9 and 37.8), five methylene (dC 38.6,
37.7, 27.2, 25.5 and 20.6) and one methyl (dC 14.1) carbons. In the
1H–1H COSY spectrum, the methyl protons, H3-10 (dH 0.89), were
coupled with H2-9 (dH 1.98), which were further coupled with H-8
(dH 5.39). The same correlations of H-7 (dH 5.19)/H-8 and H2-6 (dH
2.31) and those of H-3 (dH 1.85)/Hab-2 (dH 2.22 and 2.05) and H2-6
were also observed. These results indicated the presence of
a CH3CH2CH]CHCH2CHCH2 unit. In addition, a CH2CHCH2COOH
unit was established on the basis of the 1H–1H COSY correlations of
H-4/Hab-5 (dH 2.25 and 1.45) and Hab-11 (dH 2.68 and 2.28) as well
as the HMBC correlations of both H-4 and Hab-11 with the carboxyl
carbon, C-12 (dC 177.5). The HMBC correlations of Hab-2 and H-4
with C-1 (dC 219.0) and a 1H–1H COSY cross peak between H-3 and
H-4 established a cyclopentanone ring having a (2Z)-pentenyl unit
at C-3 (dC 53.9) and a carboxymethyl substituent at C-4 (dC 37.8). In
the NOEDIFF experiment, irradiation of H-3 affected signal intensity
of H-4, indicating their cis-relationship. Therefore, botryosphaer-
inone (6) was assigned as a new cyclopentanone carboxylic acid.

Botryosphaeriodiplodin (7) was obtained as a colorless gum
with [a]D

26 �9.8 (c 0.70, CHCl3). The UV and IR spectra were similar
to those of 10. The HREIMS showed the molecular formula
C17H24O5, 16 mass units higher than that of 10. The 1H NMR spectral
data (Table 5) were similar to those of 10 except that proton signal
of one methylene group in 10 was replaced, in 7, by an oxymethine
proton (dH 3.78, m). This was confirmed by the presence of two
oxymethine (dC 72.2 and 68.0) and six methylene carbons in the 13C
NMR spectrum instead of one oxymethine and seven methylene
carbons in 10. This oxymethine protonwas attributed to H-7 due to
the 1H–1H COSY correlations of Hab-10 (dH 2.71 and 2.51)/Hab-9 (dH
1.92 and 1.52), and Hab-8 (dH 1.49 and 1.31)/H-7 and Hab-9. In ad-
dition, H-7 displayed a HMBC correlation with C-9 (dC 26.6). A hy-
droxyl group was attached at C-7 (dC 68.0) on the basis of the
chemical shift of C-7. Thus, botryosphaeriodiplodin (7) was
assigned as a new lasiodiplodin derivative. The configuration at C-3
was purposed to be identical to that of 10. However, the NOEDIFF
data obtained were inadequate for the assignment of the relative

Table 3
NMR data for botryosphaerihydrofuran (5)

Position dH, mult, J in Hz dC, mult. HMBC correlation

2 a: 4.15, t, 9.0
b: 3.40, t, 9.0

71.3, CH2 C-3, C-3a, C-8a, C-9
C-3, C-9

3 2.52, m 43.4, CH C-3a, C-4
3a 77.0, qC
4 a: 1.76, d, 14.5

b: 1.49, d, 14.5
33.1, CH2 C-3a, C-4a, C-5, C-10

C-3a, C-4a, C-5, C-7a, C-8a, C-10
4a 38.8, qC
5 2.31, m 53.6, CH C-4a, C-7a, C-10, C-11
6 5.90, d, 10.0 126.4, CH C-5, C-7a
7 6.89, d, 10.0 143.6, CH C-4a, C-7a, C-8
7a 139.3, qC
8 6.01, s 131.7, CH C-3a, C-4a, C-7
8a 99.4, qC
9 1.05, d, 7.0 8.9, CH3 C-2, C-3, C-3a
10 1.41, s 27.8, CH3 C-4, C-4a, C-5, C-7a
11 0.99, d, 7.0 14.4, CH3 C-4a, C-5

9
3a

8a

4

4a

1011
5

7 7a

Figure 2. Selected NOEDIFF data of botryosphaerihydrofuran (5).

Table 4
NMR data for botryosphaerinone (6)

Position dH, mult, J in Hz dC, mult. HMBC correlation

1 219.0, qC
2 a: 2.22, m

b: 2.05, m
37.7, CH2 C-1, C-5

3 1.85, m 53.9, CH C-2, C-4, C-6, C-11
4 2.29, m 37.8, CH C-1, C-12
5 a: 2.25, m

b: 1.45, m
27.2, CH2 C-2, C-4, C-11

6 2.31, m 25.5, CH2 C-2, C-3, C-7, C-8
7 5.19, m 124.8, CH C-6, C-8, C-9
8 5.39, dtt, 10.5, 7.2, 1.2 134.2, CH C-6, C-7, C-9, C-10
9 1.98, m 20.6, CH2 C-7, C-8, C-10
10 0.89, t, 7.5 14.1, CH3 C-8, C-9
11 a: 2.68, dd, 18.5, 7.8

b: 2.28, m
38.6, CH2 C-3, C-4, C-5, C-12

12 177.5, qC
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configuration at C-7. Analysis of the absolute configuration at C-7
was not performed as 7 was obtained in low quantity.

The isolated compounds, except for compounds 2, 4, 5, 7, 11–12
and 19 which were obtained in low quantity, were tested for an-
tibacterial activity against SA and MRSA strains. Among them,
compound 10 exhibited the best activity against SA and MRSAwith
the respective MIC values of 64 and 128 mg/mL. Its antibacterial
activity against SA ATCC 27154with theMIC value of 25 mg/mL4was
previously reported. Compound 16was as active as compounds 13–
15 against both strains,1 but displayed much weaker activity than
compound 10 with the MIC value of >128 mg/mL. The remaining
compounds showed no activity at the concentration of 200 mg/mL.

Mellein derivatives have been isolated from B. mamane1 and
B. obtusa11 whileB. rhodinahas produced a lasiodiplodinderivative.7

This is the first report on the isolation of g-lactone derivatives from
the genus Botryosphaeria. Furthermore, compounds 8, 11–12, and
16–19,were obtained from fungi of this genus for thefirst timewhile
compound 9 was firstly isolated as a natural product.

3. Experimental

3.1. General experimental procedures

Infrared spectra (IR) were obtained on an FTS165 FTIR spec-
trometer or a Perkin Elmer Spectrum GX FTIR system and recorded
on wavenumber (cm�1). 1H and 13C Nuclear magnetic resonance
spectra were recorded on an FTNMR, Bruker Avance 300 MHz or
500 MHz spectrometers using tetramethylsilane (TMS) as an in-
ternal standard. Spectra were recorded as chemical shift parameter
(d) value in ppm down field from TMS. Ultraviolet spectra (UV)
were measured with an UV-160A SHIMADSU spectrophotometer.
Principle bands (lmax) were recorded as wavelengths (nm) and log 3

in MeOH solution. Optical rotations were measured in methanol
solution or chloroform solution with sodium D line (590 nm) on an
AUTOPOLR� P automatic polarimeter. Solvents for extraction and
chromatography were distilled at their boiling point range prior to
use except for ethyl acetate, which was an analytical grade reagent.
Thin-layer chromatography (TLC) and precoated TLC plate were
performed on silica gel 60 GF254 (Merck). Column chromatography
was performed on silica gel (Merck) type 100 (70–230 mesh ASTM)
with a gradient of MeOH-CH2Cl2, Sephadex LH-20 with MeOH,

reverse phase C18 silica gel with a gradient of MeOH–H2O or
otherwise stated.

3.2. Fungal material

The endophytic fungi B. rhodina PSU-M35 (GenBank accession
number EF564146) and PSU-M114 (GenBank accession number
EEF564147) were isolated from the leaves of Garcinia mangostana,
collected in Suratthani Province, Thailand in the year 2005. These
fungi were deposited as PSU-M35 and PSU-M114 at the De-
partment of Microbiology, Faculty of Science, Prince of Songkla
University.

3.3. Fermentation, extraction and isolation

The endophytic fungi B. rhodina PSU-M35 and PSU-M114 were
separately grown on potato dextrose agar (PDA) at 25 �C for five
days. Three pieces (0.5�0.5 cm2) of mycelial agar plugs were in-
oculated into 500 mL Erlenmeyer flasks containing 300 mL potato
dextrose broth (PDB) at room temperature for four weeks. Each
culture (15 L) was filtered to give the filtrate and mycelia. The
filtrate and the mycelial cakes were then extracted using the same
procedure as described previously.15 The broth extracts were
obtained as a dark brown gum in 2.48 g and 2.13 g from B. rhodina
PSU-M35 and PSU-M114, respectively, while the mycelia extract of
the fungus PSU-M114 was obtained as a brown gum in 796.6 mg.

The broth extract of B. rhodina PSU-M35 was separated by CC
over Sephadex LH-20 to obtain five fractions (AA-AE). Fraction AB
(417.5 mg) was purified by silica gel CC followed by CC over reverse
phase silica gel to afford four fractions (AB1–AB4). Fraction AB2
(23.5 mg) was subjected to CC over silica gel, CC over Sephadex LH-
20 and then PTLC with 7% acetone–CH2Cl2 to yield 5 (1.8 mg).
Fraction AB3 (38.3 mg) was separated by CC over silica gel to afford
four subfractions. Compound 2 (1.5 mg) was obtained from the first
subfraction (12.5 mg) after purification by PTLC with 30% EtOAc–
light petroleum. The third subfraction (19.7 mg) afforded 1 (4.3 mg)
and 3 (3.8 mg) after separation by CC over silica gel with a gradient
of EtOAc–light petroleum. Fraction AC (726.0 mg) was separated by
CC over silica gel to give 4 (1.8 mg). Fraction AD was purified using
the same procedure as fraction AC to afford five fractions. Com-
pound 9 (13.6 mg) was contained in the second fraction. The fourth
fraction (130.6 mg) was further purified by silica gel CC to afford 8
(7.8 mg).

The broth extract of B. rhodina PSU-M114 was fractionated by CC
over Sephadex LH-20 to afford five fractions (BA-BE). Fraction BB
(1.12 g) was then submitted to CC over silica gel to obtain five
fractions (BB1-BB5). Fraction BB1 (25.9 mg) was further separated
by flash CC over silica gel to afford 13 (4.3 mg). In addition, fraction
BB2 contained 17 (138.4 mg). Fraction BB4 (393.3 mg) was purified
by CC over silica gel to give six subfractions (BB41–BB46). Com-
pound 10 (12.4 mg) was obtained from subfraction BB42 after
purification by CC over silica gel followed by PTLC with 20% EtOAc–
light petroleum. Subfraction BB43 (244.1 mg) was further purified
by CC over silica gel to yield four subfractions. The second
subfraction contained 18 (130.3 mg). The third subfraction
(46.6 mg) was further separated using the same procedure as
fraction BB43 to yield four subfractions. The third subfraction
(9.7 mg) was further subjected to acetylation reaction, followed by
purification on PTLC to afford 11 (1.6 mg) and 12 (1.8 mg). Sub-
fraction BB45 contained 6 (4.8 mg). Fraction BC (400.5 mg) was
further purified by CC over silica gel followed by PTLC with 20%
EtOAc–light petroleum to afford three fractions (BC1–BC3). Fraction
BC2 (21.3 mg) was separated by CC over Sephadex LH-20 to yield 14
(4.2 mg) and 15 (5.0 mg). Fraction BD (89.3 mg) was subjected to CC
over silica gel with a gradient of EtOAc–CH2Cl2 to yield four frac-
tions (BD1-BD4). Fraction BD2 (7.2 mg), on PTLC with 20% EtOAc–

Table 5
NMR data for botryosphaeriodiplodin (7)

Position dH, mult, J in Hz dC, mult. HMBC correlation

1 168.5, qC
3 5.22, m 72.2, CH C-1, C-4, C-5, C-17
4 a: 1.96, m

b: 1.66, m
32.8, CH2 C-3, C-5, C-6, C-7, C-17

5 a: 1.69, m
b: 1.53, m

19.5, CH2 C-3, C-4, C-6, C-7, C-8

6 a: 1.64, m
b: 1.49, m

36.1, CH2 C-4, C-7

7 3.78, m 68.0, CH C-5, C-9
8 a: 1.49, m

b: 1.31, m
33.5, CH2 C-6, C-7, C-9, C-10

9 a: 1.92, m
b: 1.52, m

26.6, CH2 C-7, C-8, C-10, C-11

10 a: 2.71, ddd, 14.5, 9.0, 6.0
b: 2.51, dt, 14.5, 6.0

29.8, CH2 C-8, C-9, C-11, C-12, C-16

11 142.4, qC
12 6.25, d, 2.0 108.0, CH C-1, C-10, C-13, C-14, C-16
13 157.3, qC
14 6.26, d, 2.0 97.1, CH C-12, C-13, C-16
15 158.0, qC
16 118.2, qC
17 1.33, d, 6.5 19.3, CH3 C-3, C-4
18 3.77, s 55.9, CH3 C-15
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light petroleum, and fraction BD3 (18.5 mg), on CC over Sephadex
LH-20, gave 16 (3.9 mg) and 19 (2.1 mg), respectively. The mycelial
extract was separated by CC over Sephadex LH-20 to afford three
fractions. The second fraction (535.7 mg) was further purified by CC
over silica gel, followed by PTLC with 40% EtOAc–light petroleum to
afford 7 (1.9 mg).

3.3.1. Botryosphaerilactone A (1). Colorless gum; [a]D
27 �1.2 (c 0.77,

MeOH); UV (MeOH) lmax (log 3) 286 (1.30) nm; IR (neat) nmax 3438,
1770 cm�1; HREIMS m/z [M-H]þ 271.1553 (calcd for C14H23O5,
271.1545); 1H NMR (CDCl3, 500 MHz), see Table 1; 13C NMR (CDCl3,
125 MHz), see Table 1.

3.3.2. Botryosphaerilactone B (2). Colorless gum; [a]D
26 þ4.5 (c 0.57,

MeOH); UV (MeOH) lmax (log 3) 280 (1.61) nm; IR (neat) nmax 3430,
1775 cm�1; HREIMS m/z [M]þ 270.1479 (calcd for C14H22O5,
270.1467); 1H NMR (CDCl3, 500 MHz), see Table 1; 13C NMR (CDCl3,
125 MHz), see Table 1.

3.3.3. Botryosphaerilactone C (3). Colorless gum; [a]D
26 þ5.2 (c 0.77,

MeOH); UV (MeOH) lmax (log 3) 273 (2.21) nm; IR (neat) nmax 3438,
1770 cm�1; HREIMS m/z [M-H]þ 271.1533 (calcd for C14H23O5,
271.1545); 1H NMR (CDCl3, 500 MHz), see Table 1; 13C NMR (CDCl3,
125 MHz), see Table 1.

3.3.4. Botryosphaeridione (4). Pale yellow gum; [a]D
27 �13.2 (c 0.68,

MeOH); UV (MeOH) lmax (log 3) 242 (3.30), 289 (3.18) nm; IR (neat)
nmax 3354, 1673 cm�1; HREIMS m/z [M]þ 204.0793 (calcd for
C12H12O3, 204.0786);

1H NMR (CDCl3, 300 MHz), see Table 2; 13C
NMR (CDCl3, 75 MHz), see Table 2.

3.3.5. Botryosphaerihydrofuran (5). Colorless gum; [a]D
27 �23.8 (c

0.14, MeOH); UV (MeOH) lmax (log 3) 220 (4.81), 280 (4.91) nm; IR
(neat) nmax 1664 cm�1; HREIMS m/z [M]þ 218.1314 (calcd for
C14H18O2, 218.1307);

1H NMR (CDCl3, 500 MHz), see Table 3; 13C
NMR (CDCl3, 125 MHz), see Table 3.

3.3.6. Botryosphaerinone (6). Colorless gum; [a]D
28 �23.2 (c 0.14,

MeOH); UV (MeOH) lmax (log 3) 212 (2.73) nm; IR (neat) nmax 3441,
1728 cm�1; HREIMS m/z [M]þ 210.1253 (calcd for C12H18O3,
210.1256); 1H NMR (CDCl3, 300 MHz), see Table 4; 13C NMR (CDCl3,
75 MHz), see Table 4.

3.3.7. Botryosphaeriodiplodin (7). Colorless gum; [a]D
26 �9.8 (c 0.70,

CHCl3); UV (MeOH) lmax (log 3) 205 (3.20), 245 (2.44), 280 (2.19) nm;
IR (neat) nmax 3440, 1684 cm�1; HREIMS m/z [M]þ 308.1615 (calcd
for C17H24O5, 308.1624);

1H NMR (CDCl3, 500 MHz), see Table 5; 13C
NMR (CDCl3, 125 MHz), see Table 5.

3.4. Antibacterial activity testing

MICs were determined by the agar microdilution method.16 The
test substances were dissolved in DMSO (Merck, Germany). Serial
2-fold dilutions of the test substances were mixed with melted
Mueller–Hinton agar (Difco) in the ratio of 1:100 in microtiter
plates with flat-bottomed wells (Nunc, Germany). Final concen-
tration of the test substances in agar ranged from 200 to 0.39 mg/
mL. MRSA isolated from a clinical specimen, Songklanakarin Hos-
pital, was used as test strain. Inoculum suspensions (10 mL) were
spotted on agar-filled wells. The inoculated plates were incubated
at 35 �C for 18 h. MICs were recorded by reading the lowest
substance concentration that inhibited visible growth. Growth
controls were performed on agar containing DMSO.
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One new cyclohexenone derivative (1) was isolated from Diaporthaceous fungus PSU-H2
together with six known compounds, dothiorelone A (2), dothiorelone C (3), 2,3-dihydromycoe-
poxydiene (4), (+)-mycoepoxydiene (5), deacetylmycoepoxydiene (6) and tyrosol (7). The struc-
tures were elucidated by spectroscopic methods. Their cytotoxic activity against human breast
cancer cell line, MCF-7, was evaluated. 
Key words: Diaporthaceae, Endophytic fungus, Cyclohexenone, Mycoepoxydiene, Dothiore-
lone, Cytotoxic activity

INTRODUCTION

In an ongoing search for biologically active sub-
stances from the endophytic fungi from the Garcinia
plants, antibacterial primin (Pongcharoen et al., 2007),
antifungal scoparasin B (Pongcharoen et al., 2006)
and antimycobacterial phomoenamide (Rukachaisirikul
et al., 2007) were identified. We describe herein the
isolation and structural elucidation of one new cyclo-
hexenone derivative (1) along with six known ones,
dothiorelone A (2) (Xu et al., 2004) dothiorelone C (3)
(Xu et al., 2004), 2,3-dihydromycoepoxydiene (4) (Prachya
et al., 2007), (+)-mycoepoxydiene (5) (Cai et al., 1999),
deacetylmycoepoxydiene (6) (Shen et al., 2007) and
tyrosol (7) (Capasso et al., 1992) from the crude extract
of Diaporthaceous fungus PSU-H2, isolated from
Garcinia hombroniana. Their structures were assigned
by spectroscopic methods and comparison of the 1H-
and 13C-NMR data with those reported in literatures.
The isolated compounds were evaluated for cytotoxic

activity toward human breast cancer, MCF-7, cell line.

MATERIALS AND METHODS

General experimental procedures
Infrared spectra (IR) were recorded neat on a Perkin

Elmer 783 FTS165 FT-IR spectrometer. Ultraviolet (UV)
absorption spectra were measured on a SHIMADZU
UV-160A spectrophotometer. 1H and 13C-NMR spectra
were recorded on a 300 MHz or a 500 MHz Bruker
FTNMR Ultra ShieldTM spectrometer. Mass spectra
were obtained on a MAT 95 XL Mass Spectrometer
(Thermofinnigan). Optical rotations were measured in
MeOH on a JASCO P-1020 polarimeter. Thin-layer
chromatography (TLC) and precoated TLC were per-
formed on silica gel GF254 (Merck). Column chroma-
tography (CC) was carried out on Sephadex LH-20 or
silica gel (Merck) type 100 (70-230 Mesh ASTM).

Fungal material
Diaporthaceous fungus PSU-H2 was isolated from

the branch of G. hombroniana, collected in Songkhla
Province, Thailand in 2005. This fungus was grown in
potato dextrose agar (PDA) and an agar plug with my-
celium was kept in 15% glycerol at -70oC at the Depart-
ment of Microbiology, Prince of Songkla University,

Correspondence to: Vatcharin Rukachaisirikul, Department of
Chemistry and Center for Innovation in Chemistry, Faculty of
Science, Prince of Songkla University, Songkhla 90112, Thai-
land
Tel: 66-74-288-435, Fax: 66-74-212-918
E-mail: vatcharin.r@psu.ac.th
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Thailand.

Molecular identification of the fungal endo-
phyte

The fungal endophyte PSU-H2 was inoculated in
potato dextrose broth (PDB) for two weeks at 25oC,
fresh mycelium was then harvested and ground into
fine powder. Genomic DNA was extracted using CTAB
method (O’Donnell et al., 1997). The ITS and LSU
rDNA were amplified using gene specific primers:
ITS1/ITS4 and LROR/LR5, respectively ( Bunyard et
al., 1994; White et al., 1990). PCR products were then
sequenced by Macrogen Inc. using the same primer as
for amplification. A BLAST search was employed to
obtain the closest matched sequences from GenBank
database. Sequence similarity and relatedness of the
endophytic fungus PSU-H2 were calculated under
sequence identity matrix using BioEdit 7.5.0.3 (Hall,
2006).

In vitro assay for cytotoxic activity
This was carried out according to that of Skehan.

MCF-7 (human breast cancer cell line) was obtained
from the American Type Culture Collection (Rockville,
MD). Cells were grown in RPMI 1640 (Invitrogen) sup-
plemented with 10% fetal bovine serum (Gibco BRL),
50 units/mL penicillin, and 50 �g/mL streptomycin
and were maintained in a humidified 37ºC incubator
with 5% CO2. The cytotoxicity assay was carried out
using sulphorhodamine B (SRB) assay. Briefly, 1 � 104

of MCF-7 cells were seeded in 96-well plate and ex-
posed with various concentrations of isolated com-
pounds for 72 h. Then, cells were fixed with 100 �L of
40% trichloroacetic acid and incubated at 4ºC for 1 h.
After incubation, cells were washed five times with
cold water and dried in air. Cells were stained with 50
�L of SRB stain (0.4% (w/v) in 1% acetic acid) for 30
min, after which the excess dye was removed by wash-
ing repeatedly with 1% (v/v) acetic acid. The protein-
bound dye was dissolved in 100 �L of 10 mM Tris base
solution (pH 10.5) for OD determination at 490 nm
using a SLT 340 ATTC microplate reader (SLT Labins-
trument, Australia). The IC50 values were calculated
by Prism program.

Extraction and isolation
The Diaporthaceous fungus PSU-H2 was grown on

potato dextrose agar (PDA) at 25oC for 5 days. Three
pieces (0.5 × 0.5 cm2) of mycelial agar plugs were
inoculated into 500 mL Erlenmeyer flasks containing
300 mL potato dextrose broth (PDB) at room tempera-
ture for 3 weeks. The culture (15 L) was filtered to give
the filtrate and mycelia. The filtrate was extracted

with EtOAc to afford a broth extract (500 mg) as a
brown gum. The crude EtOAc extract was separated
by CC over Sephadex LH-20 using MeOH to yield four
fractions (A-C). Fraction B (300.0 mg) was further
purified by silica gel CC using a gradient of MeOH-
CH2Cl2 to give eight subfractions (B1-B8). Subfraction
B3 contained 2 (1.5 mg) and 5 (13.0 mg). Subfraction
B6 was subjected to precoated TLC with 30% EtOAc-
light petroleum to give 1 (1.0 mg). Subfraction B7 was
further purified by silica gel CC using a gradient of
EtOAc-light petroleum followed by that of MeOH-
EtOAc to give 6 (13.9 mg) and 7 (13.3 mg). Subfraction
B8 was subjected to CC over reverse phase C18 silica
gel using a gradient system of MeOH-H2O to yield
four subfractions (B81-B83). Subfraction B82 was sep-
arated by CC over Sephadex LH-20 using 50% MeOH-
CH2Cl2 to yield three subfractions. The second sub-
fraction was subjected to precoated TLC with 30%
EtOAc-light petroleum to give 4 (5.0 mg). Wet mycelia
were extracted with MeOH (2 × 500 mL). After con-
centration of the MeOH solution to 200 mL, H2O (100
mL) was added and the mixture washed with hexane
(500 mL). The aqueous MeOH layer was extracted
with EtOAc (3 � 400 mL) to yield a brown gum (310.0
mg). The crude mycelial extract was subjected to
Sephadex LH-20 CC eluted with MeOH to afford three
fractions. The second fraction (205.0 mg) was further
purified by silica gel CC using a gradient of MeOH-
CH2Cl2 to give 3 (4.5 mg).

5,6-Dihydroxy-2,3,6-trimethylcyclohex-2-enone
(1)
Colorless gum; [�]D

26 +55.7o (MeOH; c 0.08); UV (MeOH)
�max nm (log �): 213 (3.30); IR (neat) �max cm-1 3127,
1734; HR-EI-MS m/z: 170.0935 (calcd for C9H14O3:
170.0943); EIMS m/z: 170 (M+) (7), 152 (92), 109 (100),
96 (89), 74 (69); 1H-NMR (300 MHz, CDCl3) �: 3.93
(1H, dd, J = 11.5 and 6.0 Hz, H-5), 2.63 (1H, dd, J =
18.5 and 6.0 Hz, Ha-4), 2.41 (1H, dd, J = 18.5 and 11.5
Hz, Hb-4), 1.97 (3H, s, H-9), 1.81 (3H, s, H-8), 1.22
(3H, s, H-7); 13C-NMR (125 MHz, CDCl3) �: 201.7 (s,
C-1), 152.9 (s, C-3), 128.2 (s, C-2), 77.0 (s, C-6), 72.6 (d,
C-5), 38.2 (t, C-4), 21.3 (q, C-9), 17.7 (q, C-7), 11.4 (q,
C-8).

Dothiorelone A (2)
Colorless gum; [�]D

26 -22.3o (MeOH; c 0.13); UV (MeOH)
�max nm (log �): 225 (3.82), 269 (3.03), 295 (2.94); IR
(neat) �max cm-1 3283, 1716, 1610; HR-EI-MS m/z:
320.1622 (calcd for C18H24O5: 320.1624); EIMS m/z:
320 (M+) (14), 248 (21), 205 (25), 196 (48), 167 (100);
1H-NMR (300 MHz, CDCl3+CD3OD) �: 6.34 (1H, brs,
H-6), 6.30 (1H, brd, J = 2.0 Hz, H-4), 4.21 (2H, q, J =
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7.0 Hz, H-17), 3.86 (2H, s, H-2), 3.57 (1H, m, H-15),
2.89 (2H, t, J = 7.0 Hz, H-10), 1.46 (2H, m, H-14), 1.45
(2H, m, H-11), 1.42 (4H, m, H-12, 13), 1.29 (3H, t, J =
7.0 Hz, H-18), 0.96 (3H, d, J = 7.5 Hz, H-16); 13C-NMR
(125 MHz, CDCl3+CD3OD) �: 207.4 (s, C-9), 171.2 (s,
C-1), 164.5 (s, C-7), 161.0 (s, C-5), 137.8 (s, C-3), 117.5
(s, C-8), 113.3 (d, C-4), 104.1 (d, C-6), 74.0 (d, C-15),
62.4 (t, C-17), 44.1 (t, C-10), 42.7 (t, C-2), 37.5 (t, C-
11), 31.2 (t, C-14), 26.2 (t, C-12), 25.8 (t, C-13), 15.1 (q,
C-18), 10.8 (q, C-16). 

Dothiorelone C (3)
Colorless gum; UV (MeOH) �max nm (log �): 219 (3.50),
268 (3.01), 304 (2.95); IR (neat) �max cm-1 3256, 1712,
1607; EIMS m/z: 338 (M+) (14), 223 (100), 205 (37),
177 (42), 167 (85); 1H-NMR (300 MHz, CDCl3) �: 6.21
(1H, brs, H-6), 6.20 (1H, brs, H-4), 4.12 (2H, q, J = 7.2
Hz, H-17), 3.74 (2H, brs, H-2), 3.57 (2H, t, J = 6.3 Hz,
H-16), 2.77 (2H, t, J = 7.2 Hz, H-10), 1.63 (2H, m, H-
11), 1.49 (2H, m, H-15), 1.26 (6H, m, H-12, 13, 14),
1.22 (3H, t, J = 7.2 Hz, H-18); 13C-NMR (75 MHz,
CDCl3) �: 205.7 (s, C-9), 170.1 (s, C-1), 163.2 (s, C-5),
159.3 (s, C-7), 135.7 (s, C-3), 115.8 (s, C-8), 111.5 (d, C-
4), 102.5 (d, C-6), 62.0 (t, C-16), 60.5 (t, C-17), 42.2 (t,
C-10), 40.7 (t, C-2), 31.6 (t, C-15), 28.0 (t, C-12,14),
24.5 (t, C-13), 23.8 (t, C-11), 13.1 (q, C-18). 

2,3-Dihydromycoepoxydiene (4)
Colorless gum; [�]D

26 +200.3o (MeOH; c 0.10); UV
(MeOH) �max nm (log �): 215 (3.25), 265 (3.56); IR
(neat) �max cm-1 1777, 1739; HR-EI-MS m/z: 292.1314
(calcd for C16H20O5: 292.1311); EIMS m/z: 292 (M+)

(23), 232 (75), 176 (72), 94 (93), 85 (100); 1H-NMR (300
MHz, CDCl3) �: 6.19 (1H, dd, J = 10.0, 6.0 Hz, H-8),
5.99 (1H, brdd, J = 11.0, 4.5 Hz, H-11), 5.89 (1H, m,
H-9), 5.85 (1H, m, H-10), 5.10 (1H, dd, J = 10.5, 2.4
Hz, H-5), 4.52 (1H, ddm, J = 6.3, 2.4 Hz, H-4), 4.37 (1H,
t, J = 6.0 Hz, H-7), 4.19 (1H, d, J = 4.5 Hz, H-12), 2.68
(1H, qn, J = 7.2 Hz, H-13), 2.93 (1H, m, H-6), 2.45 (1H,
m, Ha-2), 2.39 (1H, m, Hb-2), 2.23 (1H, m, Ha-3), 2.06
(3H, s, H-16), 2.00 (1H, m, Hb-3), 0.92 (3H, d, J = 7.2
Hz, H-14); 13C-NMR (75 MHz, CDCl3) �: 176.2 (s, C-1),
170.5 (s, C-15), 137.6 (d, C-8), 136.9 (d, C-11), 126.3 (d,
C-9), 125.0 (d, C-10), 86.2 (d, C-12), 80.1 (d, C-4), 77.0
(d, C-7), 72.7 (d, C-5), 52.3 (d, C-13), 51.5 (d, C-6), 28.1
(t, C-2), 23.9 (t, C-3), 21.0 (q, C-16), 14.4 (q, C-14).

Mycoepoxydiene (5)
White solid; mp 143.0-144.0oC; [�]D

26 +205.8o (MeOH; c
0.11); UV (MeOH) �max nm (log �): 210 (3.78), 265
(3.02); IR (neat) �max cm-1 1735, 1726; 1H-NMR (300
MHz, CDCl3) �: 6.96 (1H, dd, J = 9.6, 6.0 Hz, H-3),
6.15 (1H, d, J = 9.6 Hz, H-2), 6.02 (1H, ddd, J = 9.9,
6.9, 4.5 Hz, H-11), 5.97 (1H, m, H-8), 5.87 (1H, m, H-
9), 5.84 (1H, m, H-10), 5.01 (1H, dd, J = 6.0, 2.4 Hz, H-
4), 4.42 (1H, dd, J = 11.1, 2.4 Hz, H-5), 4.25 (1H, d, J
= 4.5 Hz, H-12), 4.21 (1H, t, J = 6.0 Hz, H-7), 3.00 (1H,
m, H-6), 2.95 (1H, m, H-13), 1.96 (1H, s, H-16), 1.07
(3H, d, J = 6.6 Hz, H-14); 13C-NMR (75 MHz, CDCl3)
�: 170.0 (s, C-15), 162.1 (s, C-1), 140.2 (d, C-3), 137.5
(d, C-11), 137.0 (d, C-8), 126.3 (d, C-9), 125.0 (d, C-2),
124.4 (d, C-10), 86.4 (d, C-12), 77.6 (d, C-5), 75.9 (d, C-
7), 63.2 (d, C-4), 52.6 (d, C-13), 50.1 (d, C-6), 20.6 (q, C-
16), 14.1 (q, C-14).

Fig. 1. Chemical structures of compounds in this study
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Deacetylmycoepoxydiene (6)
White solid; mp 157.0-159.0oC; [�]D

26 +195.3o (MeOH; c
0.10); UV (MeOH) �max nm (log �): 212 (3.81), 265
(3.03); IR (neat) �max cm-1 3383, 1718; 1H-NMR (300
MHz, CDCl3) �: 6.97 (1H, dd, J = 9.6, 6.3 Hz, H-3),
6.19 (1H, ddd, J = 10.5, 5.4, 1.5 Hz, H-8), 6.05 (1H, d,
J = 9.6 Hz, H-2), 6.02 (1H, m, H-11), 5.89 (1H, m, H-
9), 5.85 (1H, m, H-10), 4.36 (1H, t, J = 5.4 Hz, H-7),
4.28 (1H, dd, J = 10.5, 2.4 Hz, H-5), 4.25 (1H, d, J =
4.5 Hz, H-12), 4.00 (1H, brt, J = 5.4 Hz, H-4), 2.95
(1H, m, H-6), 2.91 (1H, q, J = 6.9 Hz, H-13), 1.06 (1H,
d, J = 6.9 Hz, H-14); 13C-NMR (75 MHz, CDCl3) �:
163.3 (s, C-1), 144.3 (d, C-3), 137.4 (d, C-8), 137.2 (d,
C-11), 126.1 (d, C-9), 124.8 (d, C-10), 122.2 (d, C-2),
86.1 (d, C-12), 79.5 (d, C-5), 76.9 (d, C-7), 62.1 (d, C-4),
51.7 (d, C-6, 13), 14.3 (q, C-14). 

Tyrosol (7)
Colorless gum; UV (MeOH) �max nm (log �): 222 (2.94),
279 (2.36); IR (neat) �max cm-1 3617; 1H-NMR (300
MHz, CDCl3) �: 7.11 (2H, d, J = 9.0 Hz, H-3, 5), 6.79
(2H, d, J = 9.0 Hz, H-2, 6), 3.83 (2H, t, J = 6.0 Hz, H-
8), 2.81 (2H, t, J = 6.0 Hz, H-7); 13C-NMR (75 MHz,
CDCl3) �: 154.2 (s, C-1), 130.6 (s, C-4), 130.2 (d, C-3,
5), 115.5 (d, C-2, 6), 63.8 (t, C-8), 38.3 (t, C-7). 

RESULTS AND DISCUSSION

Fungal endophyte PSU-H2 was identified based on
the rDNA sequence analysis. The nuclear large sub-
unit (LSU) ribosomal DNA region was initially carried
out for higher taxonomic levels. LSU sequence of the
endophyte PSU-H2 (633 base pairs, GenBank accession
number FJ386515) was closely related with Phomopsis
sp. EU219393 (Diaporthales, Diaporthaceae). Sequence
analysis between the fungus PSU-H2 and this isolate
yielded 24 base pairs difference (100% similarity). The
internal transcribed spacer (ITS) sequence analysis
was further performed in order to identify at lower
taxonomic levels. The results showed that this endo-
phytic fungus (509 base pairs, GenBank accession
number FJ386514) displayed the close relationship
with two unidentified fungal endophytes sequences
(DQ485947, DQ485954) isolated from Magnolia liliifera
(Promputtha et al., 2005) with sequence similarity
ranging from 95.4-97.0%. Moreover, within the same
subclade, the fungus PSU-H2 had affinity with various
strains of Phomopsis sp. and Diaporthe sp. (sequence
similarity 93.5-94.3%). Because of inadequate sequences
from GenBank for comparison, this fungus could only
be placed in the Diaporthales (Subclass Sordariomy-
cetidae, Class Sordariomycetes) and named as Diapor-
thaceous fungus PSU-H2.

Compounds 2-7 were identified by comparison of the
1H- and 13C-NMR data with those previously reported
in the literature as dothiorelone A (2) (Xu et al., 2004)
dothiorelone C (3) (Xu et al., 2004), 2,3-dihydromyco-
epoxydiene (4) (Prachya et al., 2007), (+)-mycoepoxy-
diene (5) (Cai et al., 1999), deacetylmycoepoxydiene
(6) (Shen et al., 2007) and tyrosol (7) (Capasso et al.,
1992). Compounds 3-7 were evaluated for cytotoxic
activity toward human breast cancer cell line, MCF-7.

Compound 1 with the molecular formula C9H14O3
from HREIMS, was obtained as a colorless gum with
[�]D

26 +55.7o (c = 0.08, MeOH). It exhibited an UV ab-
sorption band at 213 nm while hydroxyl and carbonyl
absorption bands were found at 3127 and 1734 cm-1,
respectively, in the IR spectrum. The 1H NMR spectrum
displayed signals for one oxymethine proton (� 3.93,
dd, J = 11.5 and 6.0 Hz), one set of nonequivalent
methylene protons (� 2.63, dd, J = 18.5, 6.0 Hz and �
2.41, dd, J = 18.5, 11.5 Hz) and three methyl groups (�
1.97, 1.81 and 1.22). The 13C NMR spectrum consisted
of one a,b-unsaturated carbonyl (� 201.7), two olefinic
quaternary (� 152.9 and 128.2) of an unsaturated ketone,
one oxyquaternary (� 77.0), one oxymethine (� 72.6),
one methylene (� 38.2) and three methyl (� 21.3, 17.7
and 11.4) carbons. In the COSY spectrum, the oxy-
methine proton, H-5 (� 3.93), was coupled with methy-
lene protons, Hab-4 (� 2.63 and 2.41). In the HMBC
spectrum, H-5 gave 3J cross peaks with C-1 (� 201.7)
and C-7 (� 17.7) while Hab-4 showed the same cross
peaks with C-2 (� 128.2), C-6 (� 77.0) and C-9 (� 21.3).
In addition, the methyl protons, H3-8 (� 1.81), gave
HMBC cross peaks with C-1, C-2 and C-3 (� 152.9).
These results together with HMQC correlations of H3-
7 (� 1.22)/C-7 and H3-9 (� 1.97)/C-9 constructed a
cyclohexenone ring having a double bond at C2-C3
and the methyl groups at C-2, C-3 and C-6. The che-
mical shifts of C-5 and C-6 revealed the presence of
hydroxyl groups at both carbons. In the NOEDIFF
experiment, irradiation of H-5 affected the intensity of
the H3-7 signal, thus indicating their cis-relationship.
Consequently, compound 1 was identified as 5,6-
Dihydroxy-2,3,6-trimethylcyclohex-2-enon, a new
cyclohexenone derivative. No attempts were made to
resolve the absolute configuration of 1 as it was
obtained in low quantity.

Dothiorelone and mycoepoxydiene derivatives dis-
played interesting cytotoxic activity (Chen et al., 2006;
Lin et al., 2005; Prachya et al., 2007; Xu et al., 2004).
The cytotoxic activity of compounds 4-6 against various
human cancer cell lines, except for MCF-7, was pre-
viously reported (Lin et al., 2005; Prachya et al., 2007).
Compounds 3-7, which were obtained in sufficient
amount, were further tested for cytotoxic activity against
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MCF-7. The results obtained in this investigation
were in agreement with previous data which revealed
that compound 5 exhibited more potent activity than
compound 6, and compound 4 was inactive. Compounds
5 and 6 gave the respective IC50 values of 2.24 and
8.70 �g/mL against MCF-7. These data also supported
the previous conclusion concerning an important role
of the a,b-unsaturated lactone unit in the cytotoxic
activity (Prachya et al., 2007). Compounds 3 and 7
showed no significant activity with the IC50 value
more than 50 �g/mL. 
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1. Introduction

The genus Pestalotiopsis produces a wide range of biologically
active secondary metabolites including antibacterial ambuic acid
(Ding et al., 2009), antifungal jesterone (Li and Strobel, 2001) and
anti-HIV-1 pestaloficiols (Liu et al., 2008b). In the course of our
ongoing search for bioactive substances from endophytic fungi
obtained from mangrove plants, Pestalotiopsis spp. PSU-MA92 and
PSU-MA119 were isolated from the twigs of two mangrove plants,
Rhizophora apiculata and Rhizophora mucronata, respectively.
Investigation of the broth extracts of both fungi led to the isolation
and structural elucidation of three new a-pyrone derivatives,
pestalotiopyrones A–C (1–3), two new seiricuprolides, pestalotio-
prolides A (4) and B (5), and two known compounds, seiricuprolide
(Ballio et al., 1988; Bartolucci et al., 1992), and 20-hydroxy-30,40-
didehydropenicillide (Kawamura et al., 2000). Compound 5 was
isolated as its diacetate derivative (6). In addition, the isolated
compound 2 was evaluated for its antibacterial and antifungal
activities.

2. Results and discussion

All compounds were purified using various chromatographic
techniques and their structures were elucidated by spectroscopic
data, including IR, UV, NMR and MS. Compounds 1–3 and 20-
hydroxy-30,40-didehydropenicillide (Fig. 1) were obtained from the
fungus PSU-MA92 whereas the remaining metabolites (4, the
diacetate derivative of 5 and seiricuprolide) were isolated from the
fungus PSU-MA119. For the known compounds, the structures
were confirmed by comparison of the 1H and 13C NMR data with
those previously reported. The relative configuration was assigned
on the basis of NOEDIFF data whereas the absolute configuration
was determined by comparison of their optical rotations with
those previously reported in the literature.

Pestalotiopyrone A (1) with the molecular formula C14H18O6 by
HREIMS was obtained as a colorless gum. The UV spectrum exhibited
maximum absorption bands at 210 and 287 nm. A hydroxyl
absorption band was found at 3410 cm�1 while carbonyl ones
were observed at 1722 and 1711 cm�1 in the IR spectrum. The 1H
NMR spectrum (Table 1) displayed signals for one olefinic proton (d
7.64, d, J = 0.9 Hz), one 2-methyl-1-propenyl unit [(d 5.69, 1H, hept,
J = 1.2 Hz), 2.16 (3H, d, J = 1.2 Hz) and 1.90 (3H, d, J = 1.2 Hz)], one set
of oxymethylene protons (d 5.05, 2H, s), one 1-hydroxyethyl group [d
4.81 (1H, m), 4.42 (1H, d, J = 4.5 Hz) and 1.40 (3H, d, J = 6.3 Hz)] and
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one methoxyl group (d 4.15, 3H, s). The 13C NMR spectrum displayed
one typical carbonyl carbon of an a-pyrone unit (d 164.0), one ester
carbonyl (d 165.6), four quaternary (d 169.2, 157.1, 122.4 and 106.1),
three methine (d 148.6, 115.3 and 62.3), one oxymethylene (d 56.22),
one methoxy (d 61.3) and three methyl (d 26.3, 23.2 and 19.2)
carbons. The presence of the 2-methyl-1-propenyl unit was
established by the 1H–1H COSY cross peaks from H-10 (d 5.69) to
H3-12 (d 1.90) and H3-13 (d 2.16) as well as the 3J HMBC correlations
of H-10 with C-12 (d 26.3) and C-13 (d 19.2) (Table 1). The olefinic
proton resonating at d 7.64 was assigned as H-6 of the a-pyrone unit
on the basis of its 3J HMBC correlations with C-2 (d 164.0) and C-4 (d
169.2). The 1-hydroxyethyl unit was attached at C-5 (d 122.4) of the
a-pyrone moiety because the methine proton, H-15 (d 4.81),
displayed the 3J HMBC correlations with C-4 and C-6 (d 148.6). The
small coupling constant (J = 0.9 Hz) between H-6 and H-15
supported the assigned location of the hydroxyethyl unit. In
addition, the methoxyl group was located at C-4 on the basis of
the 3J HMBC correlation from H3-14 (d 4.15) to C-4. The
oxymethylene protons (H2-7, d 5.05) displayed the 3J HMBC
correlations with C-2, C-4 and C-9 (d 165.6) while the methyl
protons, H3-12 and H3-13, of the 2-methyl-1-propenyl unit also
exhibited the HMBC correlation with C-9. These data connected the
oxymethylene group at C-3 (d 106.1) of the a-pyrone moiety and
further linked this group with the 2-methyl-1-propenyl unit
through an ester linkage. Signal enhancement of H-15 (d 4.81)

and H2-7 upon irradiation of H3-14 (d 4.15) in the NOEDIFF
experiment confirmed the assigned location of all substituents on
the a-pyrone unit. The observed optical rotation of 1, [a]D

25�44.07
(c 0.33, MeOH), was almost identical to that of taiwapyrone, [a]D

22

�48.50 (c 0.33, MeOH) (Camarda et al., 1976). Consequently, the
absolute configuration at C-15 in 1 would be S, identical to that of
taiwapyrone. The new pyrone (1) was named as pestalotiopyrone A.

Pestalotiopyrone B (2), a colorless gum, possessed the same
molecular formula as 1 from HREIMS. It exhibited UV and IR
absorption bands similar to those of 1. The 1H and 13C NMR data
(Table 1) were almost identical to those of 1 except for the
replacement of signals for the 1-hydroxyethyl unit and the a-
pyrone proton (H-6) in 1 with those for one hydroxymethyl unit (d
4.46, s, 2H) and one methyl group (d 2.35, 3H, s), respectively. The
HMBC correlations of H3-16 (d 2.35) to C-5 (d 113.1) and C-6 (d
161.9) confirmed the location of the methyl group at C-6 of the a-
pyrone unit. Irradiation of these methyl protons enhanced signal
intensity of H2-15 (d 4.46), thus supporting the attachment of the
1-hydroxymethyl unit at C-5. Therefore, pestalotiopyrone B had
the structure 2.

Pestalotiopyrone C (3) was obtained as a colorless gum with the
molecular formula C9H14O4 from HREIMS. The UV spectrum
displayed maximum absorption bands at 207 and 254 nm while
the IR spectrum showed absorption bands for an hydroxyl
(3407 cm�1) and a conjugated ester carbonyl (1679 cm�1) group.
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Fig. 1. Structures of metabolites isolated from Pestalotiopsis spp. PSU-MA92 and PSU-MA119.

Table 1
The NMR data for pestalotiopyrones A (1), B (2) and C (3) d in ppm, J in Hz.

Position 1 2 HMBC of 1 and 2 3 HMBC

dH dC dH dC dH dC

2 164.0 s 164.4 s 167.6 s

3 106.1 s 105.0 s 105.2 s

4 169.2 s 170.5 s 166.9 s

5 122.4 s 113.1 s 2.69 ddd (6.9, 3.6, 1.5) 40.9 d C-4, C-9

6 7.64 d (0.9) 148.6 d 161.9 s C-2, C-4, C-5, C-15 a: 4.40 dd (12.0, 1.5) 65.3 t C-2, C-4, C-5, C-9

b: 4.28 dd (12.0, 3.6)

7 5.05 s 56.2 t 5.07 s 56.3 t C-2, C-3, C-4, C-9 1.83 s 9.3 q C-2, C-3, C-4

8 3.88 s 56.5 q C-4

9 165.6 s 166.3 s 4.16 qn (6.9) 67.8 d C-6

10 5.69 hept (1.2) 115.3 d 5.68 s 115.5 d C-11, C-12, C-13 1.36 d (6.9) 21.0 q C-5, C-9

11 157.1 s 157.7 s

12 1.90 d (1.2) 26.3 q 1.88 s 27.4 q C-9, C-10, C-11, C-13

13 2.16 d (1.2) 19.2 q 2.17 s 20.3 q C-9, C-10, C-11, C-12

14 4.15 s 61.3 q 4.09 s 62.4 q C-4

15 4.81 m 62.3 d 4.46 s 56.0 t C-4, C-5, C-6, C-16

15-OH 4.42 d (4.5)

16 1.40 d (6.3) 23.2 q 2.35 s 17.4 q C-5, C-15

V. Rukachaisirikul et al. / Phytochemistry Letters xxx (2011) xxx–xxx2

G Model

PHYTOL-263; No. of Pages 5

Please cite this article in press as: Rukachaisirikul, V., et al., a-Pyrone and seiricuprolide derivatives from the mangrove-derived fungi
Pestalotiopsis spp. PSU-MA92 and PSU-MA119. Phytochem. Lett. (2011), doi:10.1016/j.phytol.2011.08.008



The 1H NMR spectrum (Table 1) contained signals for one set of
nonequivalent oxymethylene protons [d 4.40 (dd, J = 12.0 and
1.5 Hz) and 4.28 (dd, J = 12.0 and 3.6 Hz), each 1H], one
oxymethine proton (d 4.16, qn, J = 6.9 Hz), one methoxyl group
(d 3.88, s), one methine proton (d 2.69, ddd, J = 6.9, 3.6 and 1.5 Hz)
and two methyl groups (d 1.83, s and 1.36, d, J = 6.9 Hz, each 3H).
The 13C NMR spectrum displayed one typical carbonyl carbon of an
a,b-unsaturated ester moiety (d 167.6), two quaternary (d 166.9
and 105.2), one oxymethine (d 67.8), one oxymethylene (d 65.3),
one methoxy (d 56.5), one methine (d 40.9), and two methyl (d 21.0
and 9.3) carbons. The methyl protons at dH 1.83 (H3-7) gave the 3J

HMBC correlations with C-2 (d 167.6) and C-4 (d 166.9) while the
methoxy protons at d 3.88 (H3-8) showed the same correlation
with C-4 (Table 1). These data indicated the attachment of the
methyl and methoxyl groups at C-3 (d 105.2) and C-4, respectively.
The following 1H–1H COSY correlations: H-5 (d 2.69)/Hab-6 (d 4.40
and 4.28) and H-9 (d 4.16) and H3-10 (d 1.36)/H-9, as well as the
HMBC correlations of H-5/C-4 and Hab-6/C-2, constructed a 5,6-
dihydropyrone having a 1-hydroxyethyl unit at C-5 (d 40.9). H-5
was located at the pseudoequatorial position according to its small
coupling constants of 3.6 and 1.5 Hz with Hab-6. Signal enhance-
ment of H-9 and H3-8 upon irradiation of H-5 in the NOEDIFF
experiment indicated the close proximity of H-5 and H-9. The
absolute configuration of 3 was not determined due to the
insufficient amount. Consequently, pestalotiopyrone C (3) was
identified as a new 5,6-dihydropyrone derivative.

Pestalotioprolide A (4) with the molecular formula C14H22O6 by
HREIMS was obtained as a colorless gum. It exhibited UV and IR
absorption bands similar to those of seiricuprolide. The 1H and 13C
NMR data (Table 2) were similar to those of seiricuprolide. The
major differences were the replacement of signals for a cis-
epoxymethine unit (d 3.23 and 3.01, d 62.6 and 58.9) in
seiricuprolide (Ballio et al., 1988) with those of two hydro-
xymethine units (d 4.42 and d 3.59, d 68.2 and 73.8) in 4. The HMBC
correlations of H-5 (d 4.42)/C-3 (d 143.0), C-4 (d 71.9) and C-7 (d
68.6) and those of H-6 (d 3.59)/C-4, C-5 (d 68.2), C-7 and C-8 (d
129.0) (Table 2) supported the above conclusion. The appearance
of hydroxymethine protons in 4 as multiplets and the NOEDIFF
results provided inadequate data to establish their relative
configurations. To overcome this problem, an acetate derivative

of 4 (7) was prepared. The 1H NMR data of 7 (Table 2) were almost
identical to those of 4 except for the appearance of signals for three
oxymethine protons, H-4 (d 5.45, dd, J = 9.0 and 3.6 Hz), H-6 (d
4.97, dd, J = 8.7 and 2.4 Hz) and H-7 (d 5.96, dd, J = 9.9 and 2.4 Hz),
with well-defined multiplicities at a much lower field as well as
three additional singlets for three acetoxyl groups, dH 2.12, 2.14
and 2.17. These results indicated that the 5-OH was intact. In
addition, H-4, H-5, H-6 and H-7 were assigned at equatorial, axial,
axial and equatorial, respectively, on the basis of the following
coupling constants; J4,5 = 3.6 Hz, J5,6 = 8.7 Hz and J6,7 = 2.4 Hz.
Irradiation of H-5 (d 4.46) in the NOEDIFF experiment of the
triacetate 7 enhanced the signal intensity of H-4 (d 5.45), while
irradiation of H-7 (d 5.96) affected the signal intensity of H-6 (d
4.97) (Fig. 2). These results confirmed cis-relationship of H-4/H-5
and H-6/H-7 as well as trans-relationship of H-5/H-6. As 4 and
seiricuprolide were co-metabolites, we proposed that the absolute
configurations at C-4, C-7 and C-13 in 4 would have R, S and S

configurations, respectively, identical to those of seiricuprolide.
Thus, both C-5 and C-6 would possess R-configuration. Further-
more, the observed optical rotation of 4, [a]D

27 �18.1 (c 0.15,

Table 2
The NMR data for pestalotioprolide A (4), the diacetate of pestalotioprolide B (6), the triacetate of 4 (7) and the diacetate of seiricuprolide (8).

Position 4 6 7 8 HMBC of 4, 6, 7 and 8

dH dC dH dC dH dC dH dC

1 165.6 s 164.9 s 165.1 s 165.3 s

2 6.26 d (15.6) 125.6 d 5.95 dd (15.5, 1.5) 122.4 d 6.46 d (15.9) 130.1 d 6.13 dd (15.6, 1.2) 126.1 d C-1, C-3, C-4, C-5

3 6.86 dd (15.6, 7.0) 143.0 d 7.01 dd (15.5, 4.5) 140.9 d 6.93 dd (15.9, 9.0) 136.2 d 6.77 dd (15.6, 6.8) 138.5 d C-1, C-2, C-4, C-5

4 4.73 m 71.9 d 5.34 ddd (6.5, 4.5, 1.5) 72.4 d 5.45 dd (9.0, 3.6) 71.5 d 5.33 m 73.1 d C-2, C-3, C-5

5 4.42 m 68.2 d 3.25 dd (6.5, 4.5) 58.0 d 4.46 dd (8.7, 3.6) 60.8 d 3.26 dd (6.3, 4.2) 58.9 d C-3, C-4, C-7

6 3.59 dd (7.2, 2.0) 73.8 d 3.22 dd (8.5, 4.5) 55.3 d 4.97 dd (8.7, 2.4) 74.0 d 3.02 dd (8.4, 4.2) 55.8 d C-4, C-5, C-7, C-8

7 4.45 m 68.6 d 5.14 t (8.5) 73.0 d 5.96 dd (9.9, 2.4) 67.2 d 5.38 t (9.6) 66.0 d C-5, C-8, C-9

8 5.57 m 129.0 d 5.47 dd (15.5, 8.5) 124.5 d 5.16 t (9.9) 122.9 d 5.28 m 123.7 d C-6, C-7, C-10

9 5.47 m 133.0 d 6.16 ddd (15.5, 10.0, 5.5) 139.5 d 5.54 td (9.9, 5.1) 136.1 d 5.51 td (10.1, 3.0) 138.0 d C-7, C-10, C-11

10 a: 2.20 m 29.8 t a: 2.16 m 33.1 t a: 2.55 m 30.4 t a: 2.44 m 29.0 t C-8, C-9

b: 1.95 m b: 2.06 m b: 1.87 m b: 2.05 m

11 a: 1.57 m 26.0 t a: 1.90 m 24.5 t a: 1.69 m 25.8 t a: 1.75 m 24.9 t C-9, C-10, C-12, C13

b: 1.11 m b: 1.13 m b: 1.13 m b: 1.17 m

12 a: 1.84 m 35.0 t a: 1.80 m 34.4 t a: 1.85 m 34.8 t a: 1.81 m 33.3 t C-10, C-11, C-13

b: 1.49 m b: 1.56 m b: 1.51 m b: 1.43 m

13 5.02 m 73.2 d 4.78 dqd (10.0, 6.0, 2.0) 72.3 d 5.01 m 74.2 d 4.98 m 72.9 d C-1, C-11, C-12, C-14

14 1.30 d (6.3) 20.6 q 1.27 d (6.0) 20.2 q 1.32 d (6.3) 20.7 q 1.21 d (6.3) 19.8 q C-12, C-13

CH3CO 2.20 s, 2.20 s 169.8 s 2.12 s, 2.14 s, 169.7 s 2.02 s, 2.07 s 169.3 s

20.7 q 2.17 s 20.5 q 20.8 q

169.9 s 169.4 s 169.8

21.2 q 20.8 q 21.0 s

170.5 s

20.9 q

Fig. 2. NOEDIFF data of the triacetate of pestalotioprolide A (7).

V. Rukachaisirikul et al. / Phytochemistry Letters xxx (2011) xxx–xxx 3

G Model

PHYTOL-263; No. of Pages 5

Please cite this article in press as: Rukachaisirikul, V., et al., a-Pyrone and seiricuprolide derivatives from the mangrove-derived fungi
Pestalotiopsis spp. PSU-MA92 and PSU-MA119. Phytochem. Lett. (2011), doi:10.1016/j.phytol.2011.08.008



CHCl3), was similar to that of the 5R,6R-bromohydrin derivative of
seiricuprolide, [a]D

25 �16.0 (c 0.15, CHCl3) (Ballio et al., 1988;
Bartolucci et al., 1992), thus supporting the assigned absolute
configurations. Therefore, pestalotioprolide A (4) was a new 5R,6R-
dihydroxy derivative of seiricuprolide.

Pestalotioprolide B (5) was isolated as a diacetate derivative (6)
due to difficulty in the separation of 5 from seiricuprolide.
Compound 6 was assigned to have the molecular formula C18H24O7

by HREIMS. It exhibited UV and IR absorption bands similar to
those of the diacetate derivative of seiricuprolide (8). Their 1H NMR
data (Table 2) were almost identical except for the replacement of
signals for two cis-olefinic protons (d 5.51, td, J = 10.1 and 3.0 Hz,
H-9 and 5.28, m, H-8) in 8 with those for two trans-olefinic protons
(d 6.16, ddd, J = 15.5, 10.0 and 5.5 Hz, H-9 and 5.47, dd, J = 15.5 and
8.5 Hz, H-8). This conclusion was confirmed by the 3J HMBC
correlations of H-8/C-6 (d 55.3) and C-10 (d 33.1) and those of H-9/
C-7 (d 73.0) and C-11 (d 24.5). The observed optical rotation of 6,
[a]D

25 +69.9 (c 1.45, CHCl3), was almost identical to that of
seiricuprolide, [a]D

25 +67.2 (c 1.45, CHCl3) (Ballio et al., 1988) and
8, [a]D

25 +65.8 (c 1.45, CHCl3), indicating that 6 possessed identical
absolute configurations to seiricuprolide. Therefore, pestalotio-
prolide B (5), the precursor of 6, differed from seiricuprolide in the
configuration of the C8–C9 double bond.

Compound 2 was the only one obtained in amounts sufficient for
antibacterial testing against Staphylococcus aureus ATCC25923 and a
methicillin S. aureus clinical isolate as well as for antifungal activity
against Candida albicans NCPF3153, Cryptococcus neoformans

ATCC90113 and Microsporum gypseum clinical isolate. Unfortunate-
ly, it exhibited no activity against any of these human pathogens.

The fungi of the genus Pestalotiopsis have produced various
bioactive metabolites of polyketide and terpenoid types (Deyrup
et al., 2006; Ding et al., 2008; Lee et al., 1996; Li and Strobel, 2001;
Liu et al., 2008a; Pulici et al., 1996a, 1996b; Strobel, 2003; Strobel
et al., 1996, 2002, 2004). However, there have been only two
reports on the isolation of chromones (Xu et al., 2009a), coumarins
and cytosporones (Xu et al., 2009b) from two mangrove-derived
Pestalotiopsis sp., isolated from the Chinese mangrove R. mucro-

nata. This is the first report on 14-membered lactones and a-
pyrones from Pestalotiopsis sp., isolated from the mangrove plants.

3. Experimental

3.1. General experimental procedures

Optical rotations were measured on a JASCO P-1020 polarime-
ter. Infrared spectra (IR) were recorded on a Perkin-Elmer 783 FTS
165 FT-IR spectrometer. Ultraviolet (UV) absorption spectra were
measured in MeOH on a Shimadzu UV-160A spectrophotometer.
1H and 13C NMR spectra were recorded in CDCl3 on a 300 or a
500 MHz Bruker FTNMR Ultra Shield spectrometer. Mass spectra
were obtained on a MAT 95 XL mass spectrometer (Thermo-
finnigan). Thin-layer chromatography (TLC) and precoated TLC
(PTLC) were performed on silica gel GF256 (Merck). Column
chromatography (CC) was carried out on silica gel (Merck) type 60
(230–400 mesh ASTM) or type 100 (70–230 mesh ASTM), or
Sephadex LH-20 with MeOH or on reverse phase silica gel C-18
with a gradient system of MeOH–H2O.

3.2. Fungal material

The mangrove-derived fungus Pestalotiopsis sp. PSU-MA92
(GenBank accession number GU592002) was isolated from a twig
of R. apiculata, collected from Trang province, Thailand in 2006
while Pestalotiopsis sp. PSU-MA119 (GenBank accession number
HQ187633) was obtained from a twig of R. mucronata, collected
from Satun province, Thailand in 2007. These fungi were deposited

as PSU-MA92 and PSU-MA119 at the Department of Microbiology,
Faculty of Science, Prince of Songkla University and as BCC 35918
and BCC 42020 at the National Center for Genetic Engineering and
Biotechnology (BIOTEC) Culture Collection, Thailand.

3.3. Fermentation, extraction and isolation

The mangrove-derived fungus Pestalotiopsis sp. PSU-MA92 was
grown on potato dextrose agar at 25 8C for 5 days. Three pieces
(0.5 cm � 0.5 cm) of mycelial agar plugs were inoculated into
500 ml Erlenmeyer flasks containing 300 ml of potato dextrose
broth at room temperature for 4 weeks. The culture (15 l) was
filtered to give the filtrate and mycelia. The filtrate was divided into
30 portions. Each portion was extracted three times with EtOAc.
The combined EtOAc extracts were dried over anhydrous Na2SO4

and evaporated to dryness under reduced pressure to afford a
broth extract (278.8 mg) as a dark brown gum. The crude extract
was fractionated by CC over Sephadex-LH 20 to give four fractions
(A–D). Fraction B (87.9 mg) was purified by CC over reverse phase
silica gel using 50% methanol in water as a mobile phase to yield
five subfractions (B1–B5). Subfraction B2 (4.2 mg) was further
purified by PTLC with 10% ethyl acetate in chloroform as a mobile
phase (10 runs) to give 3 (1.4 mg). Subfraction B3 was further
separated by CC over silica gel with 30% ethyl acetate in petroleum
ether as a mobile phase to give 1 (1.2 mg) and 2 (11.7 mg). Fraction
C (68.1 mg) was purified using the same procedure as fraction B to
yield four subfractions (C1–C4). Subfraction C2 (9.2 mg) was
further purified by CC over Sephadex LH-20 to afford four
subfractions. The third subfraction was further purified by PTLC
with 3% methanol in dichloromethane as a mobile phase (6 runs) to
give 20-hydroxy-30,40-didehydropenicillide (2.2 mg). The crude
extract of the fungus PSU-MA119 (976 mg) was prepared using
the same procedure as that of the fungus PSU-MA92 to afford a
dark brown gum (976 mg). It was fractionated by CC over
Sephadex LH-20 to give five fractions (A–E). Fraction C
(501.2 mg) was purified by CC over reverse phase silica gel using
50% methanol in water as a mobile phase to yield four subfractions
(C1–C4). Subfraction C2 (79.3 mg) was further separated by flash
CC over silica gel with 40% ethyl acetate in petroleum ether as a
mobile phase to afford five subfractions (C21–C25). Seiricuprolide
(2.1 mg) was obtained from subfraction C22. Subfraction C23
(14.0 mg) was further subjected to an acetylation reaction (Ac2O in
pyridine at room temperature, overnight). After work up, the
reaction mixture was obtained as a yellow gum (24.9 mg). It was
further purified by flash CC over silica gel with 10% acetone in
petroleum ether as a mobile phase to yield three subfractions.
Compounds 7 (3.9 mg) and 8 (3.3 mg) were obtained from the first
and the second subfractions, respectively. The third subfraction
(4.7 mg) was further purified by PTLC to give 6 (2.0 mg).
Compound 4 (1.8 mg) was obtained from subfraction C24.

3.4. Pestalotiopyrone A (1)

Colorless gum. [a]D
25 �44.07 (c 0.33, MeOH). UV lmax

MeOH nm
(log e): 210 (3.96), 287 (3.40). FT-IR nmax

neat cm�1: 3410, 1722,
1711. 1H and 13C NMR (Acetone-d6) data see Table 1. EIMS m/z (%
relative intensity): 282 (1), 199 (100), 183 (28), 153 (9), 139 (10),
83 (54). HREIMS m/z 282.1104 [M]+ (calcd for C14H18O6, 282.1103).

3.5. Pestalotiopyrone B (2)

Colorless gum. UV lmax
MeOH nm (log e): 212 (3.54), 273 (3.79).

FT-IR nmax
neat cm�1: 3414, 1720, 1712. 1H and 13C NMR (CDCl3)

data see Table 1. EIMS m/z (% relative intensity): 282 (1), 199 (100),
183 (28), 153 (9), 139 (10), 83 (54). HREIMS m/z 282.1097 [M]+

(calcd for C14H18O6, 282.1103).
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3.6. Pestalotiopyrone C (3)

Colorless gum. [a]D
25 +38.2 (c 1.0, CHCl3). UV lmax

MeOH nm
(log e): 207 (3.03), 254 (3.45). FT-IR nmax

neat cm�1: 3407, 1679. 1H
and 13C NMR (CDCl3) data see Table 1. EIMS m/z (% relative
intensity): 186 (7), 142 (100), 124 (24), 109 (19), 97 (10). HREIMS
m/z 186.0901 [M]+ (calcd for C9H14O4 186.0892).

3.7. Pestalotioprolide A (4)

Colorless gum. [a]D
27 �18.1 (c 0.15, CHCl3). UV lmax

MeOH nm
(log e): 208 (3.66). FT-IR nmax

neat cm�1: 3404, 1722. 1H and 13C
NMR (CDCl3) data see Table 2. EIMS m/z (% relative intensity): 286
(1), 251 (7), 144 (23), 125 (61), 109 (67), 95 (66), 81 (100). HREIMS
m/z 268.1302 [M-H2O]

+ (calcd for C14H20O5, 268.1311).

3.8. The diacetate derivative of 5 (6)

Colorless gum. [a]D
25 +69.9 (c 1.45, CHCl3). UV lmax

MeOH nm
(log e): 208 (3.60). FT-IR nmax

neat cm�1: 1715. 1H and 13C NMR
(CDCl3) data see Table 2. EIMS m/z (% relative intensity): 352 (1),
310 (7), 268 (6), 250 (28), 167 (54), 126 (53), 97 (83), 81 (100).
HREIMS m/z 310.1417 [M-C2H2O]

+ (calcd for C16H22O6, 310.1416).

3.9. The triacetate derivative of 4 (7)

Colorless gum. [a]D
26 �11.9 (c 1.0, CHCl3). UV lmax

MeOH nm
(log e): 208 (3.69). FT-IR nmax

neat cm�1: 3372, 1738. 1H and 13C
NMR (CDCl3) data see Table 2.

3.10. The diacetate derivative of seiricuprolide (8)

Colorless gum. [a]D
25 +65.8 (c 1.45, CHCl3). UV lmax

MeOH nm
(log e): 208 (3.61). FT-IR nmax

neat cm�1: 1734. 1H and 13C NMR
(CDCl3) data see Table 2.

3.11. Antimicrobial assays using a colorimetric broth microdilution

test (CLSI, 2002a,b,c; Drummond and Waigh, 2000)

The pure compound (200 mg/ml) was preliminarily tested
against all the test microorganisms by a colorimetric broth
microdilution test. A stock solution (10 mg/ml) was diluted with
Mueller–Hinton broth (MHB) for bacteria and RPMI for fungi to
400 mg/ml and 50 ml ofeachtest solutionwas pipetted into3 wells of
a 96 well plate. 50 ml of each inoculum was added to the test solution
and incubatedat 35 8C for 15 h (S. aureus, MRSA and C. albicans), 25 8C
for 45 h (C. neoformans) and 25 8C for 6 days (M. gypseum). Then,
10 ml of 0.18% resazurin was added into each well and further
incubated for another 2–3 h for S. aureus, MRSA, C. albicans and C.

neoformans and 1 day for M. gypseum. Vancomycin, amphotericin B
and miconazole were used as positive controls for S. aureus and
MRSA, C. albicans and C. neoformans, and M. gypseum, respectively.
The color change was then observed visually.A blue orpurple color of
the wells indicated inhibition of growth (positive result). Any color
changes from purple to pink or colorless were recorded as negative
result. Vancomycin, amphotericin B and miconazole exhibited the
MIC values of 1, 0.25 and 1 mg/ml, respectively.
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Many biologically active secondary metabolites have been
isolated from the genus Aspergillus.1 During our ongoing

search for biologically active metabolites from marine-derived
fungi, the broth EtOAc extract of Aspergillus sydowii PSU-
F154, isolated from a gorgonian sea fan of the genus Annella,
exhibited antioxidant activity in the 1,1-diphenyl-2-picrylhy-
drazyl (DPPH•) scavenging assay. Investigation of the EtOAc
extract led to the isolation and structure determination of three
new sesquiterpenes, aspergillusenes A (1) and B (2) and
(+)-(7S)-7-O-methylsydonic acid (3), and two new hydroge-
nated xanthone derivatives, aspergillusones A (4) and B (5),
along with 10 known compounds, including one sesquiterpene
(6), two hydrogenated xanthones (7, 8), five xanthones
(including 9�11), one diketopiperazine alkaloid, and one
phenol. Their antioxidant activity was examined with the
DPPH• assay.

All compounds were purified using various chromatographic
techniques, and their structures were elucidated by interpretation
of spectroscopic data, including IR, UV, NMR, and MS. For the
10 known compounds, the structures were confirmed by com-
parison of the 1H and 13C NMR data with those previously
reported. They were identified as (+)-(7S)-sydonic acid (6),2

(7R,8R)-AGI-B4 (7),3 (7R,8R)-R-diversonolic ester (8),4,5 meth-
yl 8-hydroxy-6-methyl-9-oxo-9H-xanthene-1-carboxylate (9),6

sydowinins A (10) and B (11),7 pinselin,8 methyl 1,6-dihydroxy-
3-methyl-9-oxo-9H-xanthene-1-carboxylate,9 (11S,14S)-cyclo-
(L-Trp-L-Phe),10 and orcinol.11

Aspergillusene A (1) was isolated as a colorless gum with the
molecular formula C15H22O2 assigned from HREIMS data. The
UV spectrum displayed absorption bands at 228 and 270 nm,
characteristic of an aromatic chromophore. The IR spectrum
exhibited absorption bands for hydroxy and double-bond func-
tionalities at 3313 and 1635 cm�1, respectively. The 1H NMR
spectrum (Table 1) showed characteristic signals for three aro-
matic protons of a 1,2,4-trisubstituted benzene [δH 7.07 (d, J =
7.8 Hz), 6.92 (d, J = 1.5 Hz), and 6.87 (dd, J = 7.8 and 1.5 Hz)],
an isopentyl moiety [δH 2.32 (q, J = 7.2 Hz), 1.60 (m), 1.34 (m),
and 0.93 (d, J = 6.6 Hz)], one hydroxy proton (δH 5.69, brs), one
olefinic proton of a trisubstituted double bond (δH 5.55, tq, J =
7.2 and 1.2 Hz), one hydroxymethyl group (δH 4.62, s), and one
methyl group (δH 1.98, d, J = 1.2 Hz). Three aromatic protons
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ABSTRACT: Three new sesquiterpenes, named aspergillu-
senes A (1) and B (2) and (+)-(7S)-7-O-methylsydonic acid
(3), and two new hydrogenated xanthone derivatives, named
aspergillusones A (4) and B (5), were isolated from the sea fan-
derived fungus Aspergillus sydowii PSU-F154 together with 10
known compounds. Their structures were identified on the
basis of spectroscopic data. The isolated compounds were
evaluated for their antioxidant activity.
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resonating at δH 7.07, 6.92, and 6.87 were assigned as H-5, H-2,
andH-4, respectively, on the basis of their multiplicities, coupling
constants, and 3J HMBC correlations: H-2/C-4 (δC 118.6)
and C-6 (δC 130.5); H-4/C-2 (δC 113.8) and C-6; H-5/C-1
(δC 152.1) and C-3 (δC 141.1) (Figure 1). The substituent at
C-1 of the 1,2,4-trisubstituted benzene ring was identified as a
hydroxy group according to the chemical shift of C-1. The
hydroxymethylene protons, H2-15 (δH 4.62), showed HMBC
correlations with C-2, C-3, and C-4, suggesting that the hydro-
xymethyl unit was located at C-3 of the benzene ring. Signal
enhancement of H-2 and H-4 after irradiation of H2-15 in the
NOEDIFF experiment supported the assigned location. The
isopentyl unit was established according to the following 1H�1H
COSY and HMBC correlations: H2-10 (δH 1.34)/H2-9 (δH
2.32) and H-11 (δH 1.60); H-11/H3-12 (δH 0.93) and H3-13
(δH 0.93); H2-9/C-10 (δC 38.6) and C-11 (δC 27.8); H-11/C-9
(δC 26.4), C-12, and C-13; and H3-13/C-10, C-11, and C-12. In
the 1H�1H COSY spectrum, the methylene protons, H2-9, of
the isopentyl unit showed a cross-peak with the olefinic proton,
H-8 (δH 5.55), which was further coupled with the methyl
protons, H3-14 (δH 1.98), with a small coupling constant of
1.2 Hz. These data as well as the HMBC correlations of H3-14
with C-7 (δC 131.6) and C-8 (δC 132.1) established a 2-sub-
stituted 6-methyl-2-heptenyl fragment. This fragment was at-
tached at C-6 of the benzene ring on the basis of the HMBC

correlations of H-8 and H3-14 with C-6. The configuration of the
double bond in the heptenyl unit was assigned as E according to
signal enhancement of H2-9 upon irradiation of H3-14 in the
NOEDIFF experiment. Therefore, aspergillusene A had the
structure 1.

Aspergillusene B (2), a colorless gum, had the molecular for-
mula C15H18O3, which was determined by HREIMS. The UV
spectrum revealed the presence of a benzofuran chromophore at
219, 250, 266, 295, and 303 nm.12 The IR spectrumwas similar to
that of 1 with an additional absorption band for a carbonyl group
of a carboxylic acid at 1721 cm�1. A carbonyl resonance at
δC 172.0 in the 13C NMR spectrum (Table 1) supported the IR
data. The 1H NMR spectrum (Table 1) was similar to that of 1.
The differences were the downfield shift of all aromatic protons,
H-4 (δH 7.37), H-5 (δH 7.89), and H-7 (δH 8.04), and the
disappearance of signals for olefinic, hydroxy, and hydroxymethyl
protons in 2. In the 13C NMR spectrum, the replacement of the
hydroxymethyl carbon in 1 with the carboxyl carbonyl carbon,
C-14 (δC 172.0), in 2 revealed that the hydroxymethyl group in 1
was oxidized to the carboxylic acid in 2. The 3J HMBC correla-
tions of H-5 and H-7 with C-14 (Figure 1) confirmed the assign-
ment. In addition, the 2-substituted 6-methyl-2-heptenyl side
chain and 1-OH in 1 formed an ether linkage between C-2
(δC 158.8) and C-7a (δC 153.2) in 2 to form a benzofuran
moiety. The HMBC correlations of the methyl protons, H3-13
(δH 2.10), with C-2, C-3 (δC 110.0) and C-3a (δC 135.6) and
those of H2-8 (δH 2.67) with C-2 and C-3 established the lo-
cation of the methyl and isopentyl groups at C-3 and C-2 of the
benzofuran unit, respectively. Consequently, aspergillusene B
(2) was assigned as a cyclized benzofuran derivative of 1.

(+)-(7S)-7-O-Methylsydonic acid (3) was obtained as a color-
less gum. The molecular formula was assigned as C16H24O4

through analysis of its HREIMS spectrum. The UV (230 and

Table 1. 1H and 13C NMR Data for Aspergillusenes A (1) and B (2) and (+)-(7S)-7-O-Methylsydonic Acid (3)

1 2 3

position δC δH m (J, Hz) δC δH m (J, Hz) δC δH m (J, Hz)

1-OH 152.1, C 5.69, brs 156.1, C 8.96, s

2 113.8, CH 6.92, d (1.5) 158.8, C 118.6, CH 7.49, s

3 141.1, C 110.0, C 129.9, C

3a 135.6, C

4 118.6, CH 6.87, dd (7.8, 1.5) 118.2, CH 7.37, d (8.1) 121.2, CH 7.49, d (8.5)

5 128.5, CH 7.07, d (7.8) 124.2, CH 7.89, d (8.1) 127.5, CH 7.03, d (8.5)

6 130.5, C 135.6, C 133.8, C

7 131.6, C 112.7, CH 8.04, s 83.0, C

7a 153.2, C

8 132.1, CH 5.55, tq (7.2, 1.2) 24.5, CH2 2.67, t (7.5) 39.8, CH2 1.77, m

1.75, m

9 26.4, CH2 2.32, q (7.2) 36.9, CH2 1.55, m 21.6, CH2 1.27, m

1.05, m

10 38.6, CH2 1.34, m 27.7, CH 1.49, m 39.0, CH2 1.05, m

11 27.8, CH 1.60, m 22.3, CH3 0.86, d (6.0) 27.8, CH 1.42, m

12 22.5, CH3 0.93, d (6.6) 22.3, CH3 0.86, d (6.0) 22.5, CH3 0.75, d (6.5)

13 22.5, CH3 0.93, d (6.6) 7.8, CH3 2.10, s 22.5, CH3 0.75, d (6.5)

14 17.9, CH3 1.98, d (1.2) 172.0, C 169.4, C

15 65.1, CH2 4.62, s 22.2, CH3 1.55, s

16 50.6, CH3 3.16, s

Figure 1. Selected HMBC correlations for compounds 1 and 2.
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283 nm) and IR (3400 and 1720 cm�1) absorption bands
revealed the presence of a benzoic acid.2 Its 1H NMR data
(Table 1) were comparable with those of 62 except for an
additional signal for a methoxy group (δH 3.16, s). The presence
of the methoxy group was supported by a resonance at δC 50.6 in
the 13C NMR and DEPT spectra. A HMBC correlation from
the methoxy protons, H3-16 (δ 3.16), to C-7 (δC 83.0) revealed
the replacement of the hydroxy group in 6 with the methoxy
group in 3. The observed specific rotation of 3, [R]20D +2 (c 1.9,
MeOH), which correlated well with that of 6, [R]20D +2.7 (c 2.3,
MeOH), indicated that C-7 in 3 has the S configuration, identical
to that of 6. Therefore, 3 was identified as a methyl ether
derivative of 6.

Aspergillusone A (4) was obtained as a colorless gum with
[R]25D �1 (c 0.4, MeOH). The UV and IR spectra were almost
identical to those of7.3 TheHREIMSdata supported themolecular
formula C16H14O6, one oxygen atom less than that of 7. The 1H
and 13C NMR data (Table 2) of 4 were comparable to those of 7
except for the appearance of a signal for the aromatic methyl group
(δH 2.41 and δC 22.4) in 4, instead of the hydroxymethyl signal
(δH 4.67 and δC 64.3) in 7. The location of the methyl group at
C-3 (δC 147.2) was confirmed by the HMBC correlations of
the methyl protons, H3-11, with C-2 (δC 112.4), C-3 and C-4
(δC 107.5) as well as signal enhancement ofH-2 (δH6.63) andH-4
(δH 6.71) upon irradiation of H3-11 in the NOEDIFF experiment.
The relative configuration of ring A in 4 was assigned as trans,
identical to that of 7 according to their similar coupling constants
(4: J6,7 = 5.0Hz and J7,8 = 3.5Hz; 7: J6,7 = 4.8Hz and J7,8 = 3.6Hz).
Irradiation ofH-7 in theNOEDIFF experiment did not affect signal
intensity of H-8, supporting their trans orientation. The observed
specific rotation of 4was almost identical to that of 7, [R]25D�1.6
(c 0.4, MeOH),3 indicating that they have the same absolute
configuration at C-7 and C-8. Consequently, aspergillusone A
(4) was the 11-deoxy derivative of 7.

Themolecular formula of aspergillusone B (5) was established
by analysis of its HREIMS data as C16H16O8. The UV and IR
spectra were almost identical to those of 8.4 Its 1H NMR
spectrum (Table 2) differs from that of 85 by the replacement
of the aromatic methyl signal in 8 with a hydroxymethyl signal
(δH 4.76, brs) in 5. The HMBC correlations of the hydroxy-
methyl protons, H2-11 (δH 4.76), with C-2 (δC 108.9), C-3
(δC 151.0), and C-4 (δC 104.3) as well as signal enhancement
of both H-2 (δH 6.76) and H-4 (δH 6.94) upon irradiation of
H2-11 in the NOEDIFF experiment supported the attachment of
the hydroxymethyl group at C-3. The coupling constants of 10.5
and 4.0 Hz between H-7 (δH 4.09) andHab-6 (δH 2.31 and 2.21)
showed the pseudoaxial position of H-7, identical to that (H-7,
δH 4.08, dd, J = 10.5 and 3.5 Hz) in 8, thus suggesting the
same relative configuration. The configurations of both C-7 and
C-8 were proposed as R, identical to that of 8, on the basis of
above data and the same signs of their specific rotations: 5,
[R]25D�46.3 (c 0.2, CHCl3); 8, [R]

25
D�22.6 (c 0.23, CHCl3).

4

Accordingly, aspergillusone B (5) was determined as the
1-hydroxy derivative of 8.

The isolated compounds 1�3, 7�11, and (11S,14S)-cyclo-(L-
Trp-L-Phe) were subjected to a DPPH• assay. Among them, only
the dihydroxanthone 7 showed antioxidant activity, with an IC50

value of 17μM,while the remaining compoundswere inactive. This
dihydroxanthone derivative (7), however, was much less effective
than the standard butylated hydroxyanisole (IC50 = 0.13 μM). The
dihydroxanthone 7 and the xanthone 11 are structurally similar,
with three hydroxy groups being at the same positions (C-1, C-7,
and C-11). However, 7 differed from 11 in the absence of a
double bond at the C7�C8 position, indicating that the planar
structure in 11 might decrease the antioxidant activity.

Investigation of the sea fan-derived fungus A. sydowii PSU-
F154 led to the isolation of 15 compounds, including three new
sesquiterpenes (1�3) and two new dihydroxanthones (4, 5).
The xanthone derivatives have a right-hand ring structurally
similar to the co-isolated orcinol. So far, there have been only
two reports on compounds of this type isolated from marine-
derived Aspergillus spp.13,14 Furthermore, only five phenolic
bisabolane sesquiterpenes, for example, 6, have been obtained
from a marine-derived Aspergillus sp.15 Consequently, com-
pounds 1�3 are newmembers of bisabolane-type sesquiterpenes
and are derived via the same biosynthetic pathway as the co-
occurring metabolite 6.

’EXPERIMENTAL SECTION

General Experimental Procedures. Optical rotations were
measured on a JASCO P-1020 polarimeter. Ultraviolet spectra (UV) were
measured in MeOH with an UV-160A Shimadzu spectrophotometer.
Infrared spectra (IR) were recorded on a Perkin-Elmer 783 FTS 165
FT-IR spectrometer. 1H and 13C NMR spectra were recorded in CDCl3
on a 300 or 500 MHz Bruker FTNMR Ultra Shield spectrometer using
tetramethylsilane (TMS) as an internal standard. Mass spectra were
obtained on a MAT 95 XL mass spectrometer (Thermo Finnigan).
Solvents for extraction and chromatography were distilled at their boiling
point range prior to use except for EtOAc and light petroleum, which
were analytical grade reagents. Thin-layer chromatography (TLC) and
precoated TLC (PTLC) were performed on silica gel GF254 (Merck).
Column chromatography (CC) was carried out on silica gel (Merck)
type 100 (70�230 Mesh ASTM) with a gradient system of MeOH�
CH2Cl2, on Sephadex LH-20 with MeOH, or on reversed-phase silica
gel C-18 with a gradient system of MeOH�H2O, or as otherwise stated.

Table 2. 1H and 13CNMRData for Aspergillusones A (4) and
B (5)

4 5

position δC δH m (J, Hz) δC δH m (J, Hz)

1-OH 160.3, C 12.30, s 160.7, C 11.97, s

2 112.4, CH 6.63, brs 108.9, CH 6.76, s

3 147.2, C 151.0, C

4 107.5, CH 6.71, brs 104.3, CH 6.94, s

4a 155.6, C 156.0, C

5 123.0, CH 6.45, d (10.0) 26.0, CH2 2.96, m

2.87, m

6 137.8, CH 6.61, dd (10.0, 5.0) 24.2, CH2 2.31, m

2.21, m

7 65.2, CH 4.87, m 72.7, CH 4.09, dd

(10.5, 4.0)

8 44.9, CH 4.29, d (3.5) 76.0, C

8a 110.1, C 117.0, C

9 181.0, C 180.0, C

9a 108.9, C 116.8, C

10a 158.5, C 167.2, C

11 22.4, CH3 2.41, brs 64.4, CH2 4.76, brs

12 170.9, C 172.0, C

13 52.8, CH3 3.73, s 53.3, CH3 3.85, s
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FungalMaterial and Identification.Themarine-derived fungus
A. sydowii PSU-F154 was isolated from a sea fan, Annella sp., collected
from the coastal area in Suratthani Province, Thailand, in 2006. This
fungus was deposited as PSU-F154 at the Department of Microbiology,
Faculty of Science, Prince of Songkla University, and as BCC 28785 at
the National Center for Genetic Engineering and Biotechnology
(BIOTEC) Culture Collection, Thailand.

The fungus PSU-F154 was identified on the basis of its morphological
and molecular characteristics. Colonies on potato dextrose agar at 25 �C
grew slowly, reaching 20�25 mm in diameter after 7 days, velvety to
rather floccose. Colony color is blue-green and edge of colony is white.
Conidiophores are upright, simple, terminating in a globose conidial
head bearing phialides, which are the characteristics of the genus
Aspergillus.16 The analysis of the DNA sequences of the internal tran-
scribed spacer (ITS1-5.8S-ITS2) regions of its rRNA gene revealed that
the PSU-F154 ITS sequence (GenBank accession no. JN123448)
matched with three A. sydowii sequences from GenBank (HQ637369,
FR733849, and FR733845) with sequence identity of 99.7%, respec-
tively. This sea fan-derived fungus was then identified as A. sydowii.
Fermentation, Extraction, and Isolation. The EtOAc extract

from the culture broth was prepared using the same procedure described
previously.17 The broth EtOAc extract was obtained as a brown gum in
1.7 g. It was fractionated over Sephadex LH-20 to give five fractions
(A�E). Separation of fraction B (573.6 mg) using Sephadex LH-20 CC
afforded four fractions (B1�B4). Fraction B2 (501.3 mg) was further
purified by CC over reversed-phase silica gel to give five fractions
(B21�B25). Compound 5 (1.0 mg) was obtained from fraction B21
(23.5 mg) after purification by silica gel CC followed by PTLCwith 40%
EtOAc�light petroleum. Separation of fraction B22 (45.2 mg) using
silica gel CC gave three fractions. The third fraction (4.7 mg) was further
purified by PTLC using 1% MeOH�CH2Cl2 as a mobile phase to
furnish 8 (3.1 mg). Fraction B24 (61.1 mg) was separated by CC over
silica gel to give 1 (8.4 mg) and 2 (4.0 mg). Purification of fraction B25
(4.8 mg) by PTLCwith 40% EtOAc�light petroleum yielded 3 (2.9 mg)
and 6 (1.2 mg). Compound 4 (1.1 mg) was obtained from fraction B3
(57.3 mg) after purification by silica gel CC followed by PTLCwith 10%
EtOAc�CH2Cl2. Purification of fraction B4 (5.1 mg) by PTLCusing 5%
EtOAc�light petroleum afforded 10 (3.3 mg). Fraction C (630.1 mg)
was separated using CC over reversed-phase silica gel to furnish six
fractions (C1�C6). Fraction C1 (69.0 mg) was further purified by silica
gel CC to give three fractions. The second fraction contained orcinol
(3.0 mg). Purification of fraction C3 (26.3 mg) using CC over silica gel
yielded (11S,14S)-cyclo-(L-Trp-L-Phe) (6.2mg). Compound 9 (2.8mg)
was obtained from fraction C5 (35.6 mg) after purification with silica gel
CC. Fraction D (269.6 mg) was subjected to CC over silica gel to afford
six fractions (D1�D6). Fraction D2 (8.2 mg) was further purified by
PTLC using 30% EtOAc�light petroleum to furnish pinselin (0.9 mg).
Compound 7 (3.4 mg) was obtained from fraction D4 (7.3 mg) after
purification by PTLC with 40% EtOAc�light petroleum. Fraction D6
contained 11 (20.0 mg). Fraction E (169.5 mg) was further purified by
CC over silica gel using a gradient of EtOAc�light petroleum to afford
three fractions (E1�E3). Fraction E2 (8.3 mg) after purification on
PTLC with 10% EtOAc�CH2Cl2 yielded methyl 1,6-dihydroxy-3-
methyl-9-oxo-9H-xanthene-1-carboxylate (1.2 mg).
Aspergillusene A (1): colorless gum; UV (MeOH) λmax (log ε) 228

(3.10), 270 (3.21) nm; FT-IR (neat) νmax 3313, 1635 cm
�1; 1H NMR

(300 MHz) and 13C NMR (75 MHz) data, see Table 1; HREIMS m/z
234.1622 [M]+ (calcd for C15H22O2, 234.1620).
Aspergillusene B (2): colorless gum; UV (MeOH) λmax (log ε) 219

(4.20), 250 (4.01), 266 (3.81), 295 (3.65), 303 (3.10) nm; FT-IR (neat)
νmax 3312, 1721, 1623 cm

�1; 1H NMR (300 MHz) and 13C NMR (75
MHz) data, see Table 1; HREIMS m/z 246.1254 [M]+ (calcd for
C15H18O3, 246.1256).

(+)-(7S)-7-O-Methylsydonic acid (3): colorless gum; [R]20D +2
(c 1.9, MeOH); UV (MeOH) λmax (log ε) 230 (3.73), 283 (3.15) nm;
FT-IR (neat) νmax 3400, 1720, 1659 cm�1; 1H NMR (500 MHz) and
13C NMR (125 MHz) data, see Table 1; HREIMS m/z 280.1675 [M]+

(calcd for C16H24O4, 280.1675).
Aspergillusone A (4): colorless gum; [R]25D �1 (c 0.4, MeOH); UV

(MeOH) λmax (log ε) 220 (4.13), 263 (3.81), 292 (3.79), 304
(3.15) nm; FT-IR (neat) νmax 3380, 1745, 1681, 1653 cm�1; 1H
NMR (500 MHz) and 13C NMR (125 MHz) data, see Table 2;
HREIMS m/z 284.0685 [M�H2O]

+ (calcd for C16H12O5, 284.0681).
Aspergillusone B (5): colorless gum; [R]20D �46.3 (c 0.2, CHCl3);

UV (MeOH) λmax (log ε) 230 (3.71), 280 (3.30), 320 (3.10) nm; FT-IR
(neat) νmax 3400, 1725, 1697, 1649 cm

�1; 1HNMR (500MHz) and 13C
NMR (125 MHz) data, see Table 2; HREIMS m/z 336.0842 [M]+

(calcd for C16H16O8, 336.0845).
(+)-(7S)-Sydonic acid (6): [R]23D +2.0 (c 2.0, MeOH).
(7R,8R)-AGI-B4 (7): [R]25D �1.0 (c 0.4, MeOH).
(7R,8R)-R-Diversonolic ester (8): [R]23D �47.6 (c 0.2, CHCl3).
Biological Activity. The DPPH radical scavenging assay was

carried out according to Yen and Hsieh.18 The IC50 value was recorded
by reading the sample concentration that produced 50% scavenging
of those radicals. Butylated hydroxyanisole displayed an IC50 value of
0.13 μM.

’ASSOCIATED CONTENT

bS Supporting Information. 1H and 13C NMR spectra for
new compounds (1�5). This material is available free of charge
via the Internet at http://pubs.acs.org.
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Investigation of secondary metabolites from the sea fan-derived fungus Curvularia sp. PSU-
F22 resulted in isolation of three new metabolites, curvulapyrone (1), curvulalide (2) and cur-
vulalic acid (3) together with six known compounds, modiolides A (4) and B (5), pyrenolide A
(6), stagonolide E (7), mycoepoxydiene (8), and deacetylmycoepoxydiene (9). Their antimicro-
bial activity against Staphylococcus aureus ATCC 25923, methicillin-resistant S. aureus and
Microsporum gypseum SH-MU-4 were examined.
Key words: Curvularia sp., Sea fan-derived fungus, Modiolide, Pyrone, Mycoepoxydiene,
Antibacterial activity, Antifungal activity

INTRODUCTION

Fungi belonging to the genus Curvularia are a rich
source of chemically diverse metabolites with a wide
range of pharmaceutical activities. These include
phytotoxic pyrenocines (Kim et al., 2000), antibacterial
lunatin (Jadulco et al., 2002), antifungal benzopyrans
(Teles et al., 2005) and cytotoxic apralactone (Greve et
al., 2008a). In our search of fungi for new secondary
metabolites with antimicrobial activity, we investigated
the marine-derived fungus Curvularia sp. PSU-F22,
isolated from a sea fan of the genus Annella. One new
pyrone derivative, curvulapyrone (1), and the known
modiolide A (4) (Tsuda et al., 2003) were obtained
from the mycelial extract of Curvularia sp. PSU-F22.
In addition, two new metabolites, named curvulalide
(2) and curvulalic acid (3), were isolated from the
broth extract together with five known macrolides,
modiolide B (5) (Tsuda et al., 2003), pyrenolide A (6)
(Nukina et al., 1980), stagonolide E (7) (Evidente et

al., 2008), mycoepoxydiene (8) (Sommart et al., 2009)
and deacetylmycoepoxydiene (9) (Sommart et al.,
2009). The isolated compounds were examined for
antimicrobial activities against Staphylococcus aureus
ATCC 25923 (SA), a clinical isolate of methicillin-
resistant Staphylococcus aureus (MRSA) SK1 and a
clinical isolate of Microsporum gypseum (MG) SH-
MU-4.

MATERIALS AND METHODS

General experimental procedures
Infrared spectra (IR) were recorded on a Perkin

Elmer 783 FTS 165 FT-IR spectrometer. Ultraviolet
spectra (UV) were measured with an UV-160A
SHIMADSU spectrophotometer. 1H- and 13C-NMR
spectra were recorded on a 300 MHz Bruker FTNMR
Ultra Shield spectrometer using tetramethylsilane
(TMS) as an internal standard. Optical rotations were
measured on a JASCO P-1020 polarimeter. Solvents
for extraction and chromatography were distilled at
their boiling point range prior to use except for ethyl
acetate and light petroleum, which were analytical
grade reagents. Thin-layer chromatography (TLC)
and precoated TLC (PTLC) were done on silica gel
GF254 (Merck). Column chromatography (CC) was

Correspondence to: Vatcharin Rukachaisirikul, Department of
Chemistry and Center for Innovation in Chemistry, Faculty of
Science, Prince of Songkla University, Hat Yai, Songkhla 90112,
Thailand
Tel: 66-74-288-435, Fax: 66-74-558-841
E-mail: vatcharin.r@psu.ac.th
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performed on silica gel (Merck) type 100 (70 230
mesh ASTM) or on Sephadex LH-20 with MeOH.

Fungal material 
The marine-derived fungus PSU-F22 was isolated

from sea fan, Annella sp., collected near the Similan
Islands, Phangnga Province, Thailand, in 2006. This
fungus was deposited as Curvularia sp. PSU-F22
(GenBank accession number EU714387) at the
Department of Microbiology, Faculty of Science,
Prince of Songkla University and the National Center
for Generic Engineering and Biotechnology (BIOTECH)
Culture Collection, Thailand (BCC number 28631).

Antibacterial and antifungal activities 
Crude extracts (200 �g/mL) were preliminarily

tested against all the test microorganisms by a
colorimetric broth microdilution test (Clinical and
Laboratory Standards Institute, 2002a, 2002b, 2002c;
Drummond and Waigh, 2000). Stock solutions of the
crude extracts (10 mg/mL) were diluted with MHB to
400 �g/mL and 50 �L of each extract solution was
pipetted into 3 wells of a 96 well plate. Fifty mL of
each inoculum was added to the test solution and
incubated at 35oC for 15 h (S. aureus, and MRSA) or
at 25oC for 6 days (M. gypseum). Then, 10 �L of 0.18%
resazurin was added to each well and incubated for
another 2-3 h for bacteria and 1 day for fungi.
Vancomycin and micronazole were used as positive
controls for bacteria and fungi, respectively. The color
change was then observed visually. Any color changes
from purple to pink or colorless were recorded as
positive. The crude extracts that showed antimicrobial
activity at 200 �g/mL were further assessed for their
minimum inhibitory concentrations (MICs). The MICs
of extracts were tested over the concentration range of
0.25-128 �g/mL by the above colorimetric broth micro-
dilution test. The lowest concentration at which color
change occurred (2 to 3 wells) was taken as the MIC
value.

Fermentation, extraction and isolation 
The sea fan-derived fungus Curvularia sp. PSU-F22

was grown on potato dextrose agar (PDA) at 25oC for
five days. Three pieces (0.5�0.5 cm2) of mycelial agar
plugs were inoculated into 500 mL Erlenmeyer flasks
containing 300 mL potato dextrose broth (PDB) at
room temperature for four weeks. The culture (15 L)
was filtered to give the filtrate and mycelia. The
filtrate and the mycelial cakes were then extracted
using the same procedure as described previously
(Trisuwan et al., 2008). The broth and mycelia
extracts were obtained as a brown gum in 1.3 g and

380.0 mg, respectively. The broth extract was
separated by CC over Sephadex LH-20 to give five
fractions (A-E). Fraction B (144.8 mg) was further
purified by silica gel CC with a gradient of EtOAc-
light petroleum to obtain 5 (3.2 mg) and 6 (1.0 mg).
Separation of fraction C (1.1 g) using Sephadex LH-
20 CC afforded five fractions (C1-C5). Fraction C3
(165.6 mg) was fractionated with the same procedure
as fraction B to furnish four fractions. Compound 7
(3.3 mg) was obtained in the second fraction. The
fourth fraction (35.7 mg) was further purified by CC
over silica gel using a gradient of MeOH-CH2Cl2 as a
mobile phase followed by PTLC with 2% MeOH-
CH2Cl2 to yield 3 (1.0 mg). Fraction D (60.1 mg) was
subjected by Sephadex LH-20 CC to give three
fractions. The third fraction (12.4 mg) was purified by
PTLC with 30% EtOAc-light petroleum to afford 2
(3.1 mg), 8 (2.2 mg) and 9 (2.4 mg). The mycelia
extract was fractionated by Sephadex LH-20 CC to
give three fractions (E1-E3). Fraction E2 (203.6 mg)
was further purified with CC over silica gel to afford
five fractions. Compound 4 (6.5 mg) was present in
the second fraction. Purification of the fourth fraction
by PTLC with 40% EtOAc-light petroleum obtained 1
(2.5 mg).

Curvulapyrone (1)
Colorless gum; [�]D

25 �147o (c 0.38, MeOH); UV (MeOH)
�max nm (log 	) 231 (3.62), 226 (3.65), 251 (3.70), 320
(2.81); IR (neat) 
max cm-1 3394, 1714; HR-EI-MS m/z:
238.0837 (calcd for C12H14O5, 238.0841); EIMS m/z:
238 (M-H2O+) (11), 181 (100), 152 (8), 111 (50), 69 (56);
1H-NMR (300 MHz, acetone-d6) and 13C-NMR (75
MHz, acetone-d6): see Table I.

Curvulalide (2)
Colorless gum; [�]D

25 �48o (c 0.10, CHCl3); UV (MeOH)
�max nm (log 	) 208 (3.48); IR (neat) 
max cm-1 3385,
1715; HR-EI-MS m/z: 197.0813 (calcd for C10H13O4,
197.0814); EIMS m/z: 197 (M-OH+) (17), 141 (100), 123
(73), 95 (80); 1H-NMR (300 MHz, acetone-d6) and 13C-
NMR (75 MHz, CDCl3): see Table I.

Curvulalic acid (3)
Colorless gum; [�]D

25 �8o (c 0.10, CHCl3); UV (MeOH)
�max nm (log 	) 207 (2.90), 257 (2.27); IR (neat) 
max cm-1

3422, 1704; HR-EI-MS m/z: 184.1090 (calcd for
C10H16O3, 184.1099); EIMS m/z: 184 (M+) (2), 151 (8),
124 (28), 79 (100), 67 (19); 1H-NMR (300 MHz, CD3OD)
and 13C-NMR (75 MHz, CD3OD): see Table I. 

Modiolide A (4)
Colorless gum; [�]D18 +40o (c 0.25, MeOH); UV (MeOH)
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�max nm (log 	) 208 (3.48); IR (neat) 
max cm-1 3224,
1714, 1638; 1H-NMR (300 MHz, acetone-d6): � 5.87
(2H, d, J = 11.7 Hz, H-2, 3), 5.60 (1H, dd, J = 15.3, 6.9
Hz, H-5), 5.58 (1H, dd, J = 15.3, 6.9 Hz, H-6), 5.26
(1H, dqd, J = 10.5, 6.3, 1.8 Hz, H-9), 4.73 (1H, brs, H-
4), 4.49 (1H, brs, 4-OH), 4.13 (1H, m, H-7), 1.94 (1H,
ddd, J = 14.0, 3.0, 1.8 Hz, Ha-8), 1.73 (1H, dt, J = 14.0,
10.5 Hz, Hb-8), 1.24 (3H, d, J = 6.3 Hz, H-10); 13C-
NMR (75 MHz, acetone-d6): � 168.0 (s, C-1), 137.8 (d,
C-6), 137.3 (d, C-3), 129.7 (d, C-5), 121.3 (d, C-2), 71.6
(d, C-7), 71.0 (d, C-4), 68.3 (d, C-9), 43.2 (t, C-8), 20.8
(q, C-10).

Modiolide B (5) 
Colorless gum; [�]D18 +40o (c 0.25, MeOH); UV (MeOH)
�max nm (log 	) 207 (3.22); IR (neat) 
max cm-1 3416,
1698; 1H-NMR (300 MHz, CDCl3): � 5.88 (1H, dd, J =
12.6, 2.4 Hz, H-3), 5.87 (1H, dd, J = 12.6, 1.2 Hz, H-2),
5.69 (1H, ddd, J = 15.6, 11.1, 3.6 Hz, H-6), 5.54 (1H,
ddd, J = 15.6, 7.8, 1.5 Hz, H-5), 5.32 (1H, m, H-9), 4.75
(1H, brd, J = 6.9 Hz, H-4), 2.39 (1H, dm, J = 13.5 Hz,
Ha-7), 2.20 (1H, m, Hb-7), 1.68 (2H, m, H-8), 1.22 (3H,
d, J = 6.6 Hz, H-10); 13C-NMR (75 MHz, CDCl3): �
168.9 (s, C-1), 136.5 (d, C-3), 135.4 (d, C-6), 129.1 (d,
C-5), 122.6 (d, C-2), 72.4 (d, C-9), 71.8 (d, C-4), 33.9 (t,
C-8), 31.0 (t, C-7), 21.5 (q, C-10).

Pyrenolide A (6)

Colorless gum; [�]D29��257o (c 0.67, CHCl3); UV (MeOH)
�max nm (log 	) 204 (2.86), 221 (2.41), 262 (2.06); IR
(neat) 
max cm-1 1700, 1686, 1619; 1H-NMR (300 MHz,
CDCl3): � 6.75 (1H, dd, J = 17.0, 6.5 Hz, H-6), 6.63
(1H, d, J = 12.5 Hz, H-2), 6.20 (1H, dd, J = 17.0, 1.0
Hz, H-5), 6.14 (1H, d, J = 12.5 Hz, H-3), 5.58 (1H, qd,
J = 7.0, 2.0 Hz, H-9), 3.82 (1H, ddd, J = 6.5, 4.5, 1.5
Hz, H-7), 3.25 (1H, dd, J = 4.5, 2.0 Hz, H-8), 1.52 (3H,
d, J = 7.0 Hz, H-10); 13C-NMR (75 MHz, CDCl3): �
192.9 (s, C-4), 166.6 (s, C-1), 145.7 (d, C-6), 134.6 (d, C-
2), 133.5 (d, C-3), 128.7 (d, C-5), 66.2 (d, C-9), 60.9 (d,
C-8), 54.8 (d, C-7), 16.8 (q, C-10).

Stagonolide E (7)
Colorless gum; [�]D25 �180o (c 0.20, CHCl3); UV (MeOH)
�max nm (log 	) 207 (3.37), 253 (2.89); IR (neat) 
max cm-1

3422, 1700; 1H-NMR (300 MHz, CDCl3): � 6.62 (1H,
ddd, J = 12.0, 3.0, 1.0 Hz, H-3), 6.12 (1H, dd, J = 15.0,
1.0 Hz, H-4), 5.85 (1H, dd, J = 12.0, 3.0 Hz, H-2), 5.74
(1H, ddd, J = 15.0, 9.0, 3.0 Hz, H-5), 4.98 (1H, qnd, J
= 6.0, 3.0 Hz, H-9), 4.24 (1H, td, J = 9.0, 3.0 Hz, H-6),
2.09 (1H, ddd, J = 15.0, 9.0, 6.0 Hz, Ha-7), 1.84 (1H,
ddd, J = 15.0, 9.0, 3.0 Hz, Ha-8), 1.75 (1H, m, Hb-7),
1.62 (1H, m, Hb-8), 1.12 (3H, d, J = 6.0 Hz, H-10); 13C-
NMR (75 MHz, CDCl3): � 168.3 (s, C-1), 140.2 (d, C-5),
139.6 (d, C-3), 126.6 (d, C-4), 125.6 (d, C-2), 73.7 (d, C-
6), 73.3 (d, C-9), 37.8 (t, C-7), 30.4 (t, C-8), 21.4 (q, C-
10).

Table I. 1H- and 13C-NMR data for curvulapyrone (1), curvulalide (2) and curvulalic acid (3)

Position
1 2 3

1H 13C 1H 13C 1H 13C
d (mult., J , Hz) d (mult.) d (mult., J , Hz) d (mult.) d (mult., J , Hz) d (mult.)

1 - - - 167.8 (s) - 173.0 (s)
2 - 163.1 (s) 5.84 (dd, 12.6, 1.5) 122.4 (d) 5.62 (d, 11.4) 121.7 (d)
3 - 100.9 (s) 5.88 (dd, 12.6, 3.0) 136.8 (d) 6.36 (t, 11.4) 139.3 (d)

4 - 164.0 (s) 5.01 (brd, 7.5) 71.2 (d) 7.28 (dd, 15.3, 
11.4) 127.8 (d)

5 5.98 (s) 99.0 (d) 5.93 (ddd, 15.6, 
7.5, 1.5) 131.5 (d) 5.94 (dt, 15.3, 6.9) 140.4 (d)

6 - 158.2 (s) 6.29 (dd, 15.6, 3.3) 128.0 (d) 2.18 (brd, 6.9) 32.4 (t)
7 6.16 (dq, 15.6, 1.5) 123.1 (d) 4.87 (brd, 5.3) 58.8 (d) 1.51 (m) 24.9 (t)
8 6.61 (dq, 15.6, 6.9) 133.9 (d) 3.87 (dd, 5.3, 2.5) 76.0 (d) 1.48 (m) 38.3 (t)
9 1.89 (dd, 6.9, 1.5) 17.4 (q) 5.64 (qd, 6.6, 2.5) 68.1 (d) 3.75 (sextet, 6.3) 67.0 (d)
10 4.49 (d, 5.4) 66.4 (d) 1.29 (d, 6.6) 17.2 (q) 1.16 (d, 6.3) 22.1 (q)
11 3.70 (dd, 6.6, 5.4) 71.9 (d) - - - -
12 4.29 (qn, 6.6) 77.0 (d) - - - -
13 1.46 (d, 6.6) 16.4 (q) - - - -
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Mycoepoxydiene (8)
Colorless gum; [�]D29 +215o (c 0.11, MeOH); UV (MeOH)
�max nm (log 	) 208 (3.78), 257 (3.50), 273 (3.27); IR
(neat) 
max cm-1 1739, 1720, 1655; 1H-NMR (300 MHz,
CDCl3): � 7.03 (1H, dd, J = 9.9, 6.0 Hz, H-3), 6.23 (1H,
d, J = 9.9 Hz, H-2), 6.10 (1H, ddd, J = 10.5, 6.6, 4.5
Hz, H-11), 6.05 (1H, m, H-8), 5.93 (1H, m, H-9), 5.90
(1H, m, H-10), 5.08 (1H, dd, J = 6.0, 2.4 Hz, H-4), 4.49
(1H, dd, J = 11.1, 2.4 Hz, H-5), 4.32 (1H, d, J = 4.5 Hz,
H-12), 4.28 (1H, t, J = 6.0 Hz, H-7), 3.06 (1H, m, H-6),
3.02 (1H, m, H-13), 2.03 (3H, s, H-16), 1.14 (3H, d, J =
6.9 Hz, H-14); 13C-NMR (75 MHz, CDCl3): � 170.0 (s,
C-15), 162.1 (s, C-1), 140.2 (d, C-3), 137.5 (d, C-11),
136.9 (d, C-8), 126.3 (d, C-9), 125.1 (d, C-2), 124.4 (d,
C-10), 86.4 (d, C-12), 77.7 (d, C-5), 75.9 (d, C-7), 63.2
(d, C-4), 52.6 (d, C-13), 50.1 (d, C-6), 20.7 (q, C-16),
14.3 (q, C-14).

Deacetylmycoepoxydiene (9)
Colorless gum; [�]D29 +83o (c 0.59, MeOH); UV (MeOH)
�max nm (log 	) 206 (3.08), 256 (2.56), 265 (2.46); IR
(neat) 
max cm-1 3418, 1721, 1655; 1H-NMR (300 MHz,
CDCl3): � 6.97 (1H, dd, J = 9.6, 6.3 Hz, H-3), 6.19 (1H,
m, H-8), 6.05 (1H, d, J = 6.9 Hz, H-2), 6.02 (1H, m, H-
11), 5.89 (1H, m, H-9), 5.85 (1H, m, H-10), 4.36 (1H, t,
J = 5.4 Hz, H-7), 4.28 (1H, dd, J = 10.5, 2.4 Hz, H-5),
4.25 (1H, d, J = 4.5 Hz, H-12), 4.00 (1H, brt, J = 5.4
Hz, H-4), 2.95 (1H, m, H-6), 2.91 (1H, q, J = 6.9 Hz, H-
13), 1.06 (3H, d, J = 6.9 Hz, H-14); 13C-NMR (75 MHz,
CDCl3): � 163.3 (s, C-1), 144.3 (d, C-3), 137.4 (d, C-8),
137.2 (d, C-11), 126.1 (d, C-9), 124.8 (d, C-10), 122.9 (d,
C-2), 86.1 (d, C-12), 79.5 (d, C-5), 76.9 (d, C-7), 62.1 (d,
C-4), 51.7 (d, C-6, 13), 14.3 (q, C-14).

RESULTS AND DISCUSSION

The sea fan-derived fungus PSU-F22 is a dematiaceous
fungus. Its colony is slow-growing, velvetty and
olivaceous grey in color with dark pigment under the
colony. As neither conidia nor spores were observed,
this fungus was identified based on the analysis of the
ITS regions of its rDNA gene. Its ITS sequence
(EU714387) is well placed in the major Curvularia
clade comprising Curvularia sp. (DQ993652), Curvula-
ria affinis (AF071335), Curvularia sp. (DQ993649),
Curvularia affinis (EF187909) and Curvularia sp.
(EF025971) with high statistical support (100%).
Sequence similarity as compared to Curvularia sp.
(EF025971) was 96.1%. PSU-F22 was then identified
as Curvularia sp. 

All compounds (Fig. 1) were isolated using chro-
matographic techniques. Their structures were eluci-
dated by analysis of spectroscopic data, including UV,

IR, NMR and MS. The absolute configuration of known
compounds was assigned according to NOEDIFF
results and by comparison of their optical rotations
with those previously reported in the literature. In
addition, the absolute configurations in 2 and 3 were
proposed on the basis of known absolute configura-
tions of co-metabolites 4-5 and (R)-9-hydroxydecanoic
acid (Jones et al., 1997), respectively.

Curvulapyrone (1) with the molecular formula
C12H16O6 from a high resolution-electron ionization-
mass spectrum (HR-EI-MS) was obtained as a color-
less gum. Its UV spectrum with maximum absorption
bands at �max 213, 226, 251 and 320 nm indicated that
1 had a conjugated pyrone chromophore (Lee et al.,
1995). The IR spectrum showed absorption bands at
3394 and 1714 cm-1 for hydroxyl and conjugated
carbonyl groups, respectively. The 1H-NMR spectrum
(Table I) displayed characteristic signals for a trans-
propenyl unit [� 6.61 (1H, dq, J = 15.6, 6.9 Hz), 6.16
(1H, dq, J = 15.6, 1.5 Hz) and 1.89 (3H, dd, J = 6.9,
1.5 Hz)], a 1,2,3-trihydroxybutyl unit [� 4.49 (1H, d, J
= 5.4 Hz), 4.29 (1H, qn, J = 6.6 Hz), 3.70 (1H, dd, J =
6.6, 5.4 Hz) and 1.46 (3H, d, J = 6.6 Hz)] and one
olefinic proton (� 5.98, 1H, s). The presence of the
1,2,3-trihydroxybutyl unit was established using 1H-
1H correlation spectroscopy (COSY) and heteronuclear
multiple bond correlations (HMBC). The 13C-NMR and
DEPT spectra showed four quaternary, six methine
and two methyl carbons. The olefinic proton (� 5.98)
was attributed to H-5 on the basis of its HMBC
correlations with C-3 (� 100.9), C-4 (� 164.0) and C-6
(� 158.2). These results together with the chemical
shift of C-4 established a hydroxyl group at C-4 of the
pyrone unit. The trans-propenyl fragment was
attached at C-6 of the pyrone ring based on the
HMBC correlations of both H-7 (� 6.16) and H-8 (�
6.61) of the trans-propenyl unit with C-6. Thus, the
remaining 1,2,3-trihydroxybutyl unit was located at

Fig. 1. Structures of compounds 1-9.
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C-3. This assignment was confirmed by HMBC cross
peaks of the hydroxymethine proton, H-10 (� 4.49),
with C-2 (� 163.1), C-3 and C-4. Therefore, curvulapyr-
one (1) was identified as a new �-pyrone derivative.
Because of insufficient material, no attempts were
made to assign absolute configurations.

The molecular formula of curvulalide (2), isolated as
a colorless gum, was determined as C10H14O5 from
HR-EI-MS. Its 1H-NMR spectrum (Table I) was
similar to that of 4 except for the replacement of the
resonances for the methylene protons (H2-8) in 4 with
the signal of a hydroxymethine proton, � 3.87 (1H, dd,
J = 5.3, 2.5 Hz). Thus, this hydroxymethine proton
was identified as H-8. This assignment was confirmed
by the 1H-1H COSY cross peaks from H-8 to H-7 (�
4.87) and H-9 (� 5.64) as well as its 3J HMBC
correlations with C-6 (� 128.0) and C-10 (� 17.2). The
location of all substituents in 2 was determined by
comparison of the JH,H values observed with those of 4
and 5 (Tsuda et al., 2003). The location of 4-OH at the

-position, identical to those in 4 and 5, was deduced
from the J3/4 and J4/5 values of 3.0 and 7.5 Hz,
respectively. However, 7-OH was assigned at the 
-
position, not the �-position (J6/7 7.5 Hz) as found in 4,
due to the smaller J6/7 value of 3.3 Hz. Both 8-OH and
H3-10 were �-oriented on the basis of the J7/8 (5.3 Hz)
and J8/9 (2.5 Hz) values. The assigned relative con-
figurations were in agreement with the nuclear
Overhauser effect difference (NOEDIFF) data shown
in Fig. 2. The absolute configurations of C-4, C-7, C-8
and C-9 in 2 were proposed to be R, S, R and R,
respectively, on the basis of the known absolute
configurations (4R and 9R) of its co-metabolites 4 and
5. Consequently, curvulalide (2) was identified as a
new member of modiolide macrolides. 

Curvulalic acid (3) with the molecular formula
C10H16O3 from HR-EI-MS was obtained as a colorless
gum. The UV spectrum displayed absorption bands of
a conjugated chromophore at 207 and 257 nm while
hydroxyl (3422 cm-1) and conjugated carboxylic carbonyl
(1704 cm-1) absorption bands were found in the IR
spectrum. The 1H-NMR spectrum (Table I) displayed
characteristic signals for trans-olefinic protons [� 7.28

(1H, dd, J = 15.3, 11.4 Hz) and 5.94 (1H, dt, J = 15.3,
6.9 Hz)], cis-olefinic protons [� 6.36 (1H, t, J = 11.4 Hz)
and 5.62 (1H, d, J = 11.4 Hz)] and a 2-hydroxypentyl
unit [� 3.75 (1H, sextet, J = 6.3 Hz), 2.18 (2H, brd, J =
6.9 Hz), 1.51 (2H, m), 1.48 (2H, m) and 1.16 (3H, d, J
= 6.3 Hz)]. The 1H-1H COSY correlations supported
the presence of the 2-hydroxypentyl moiety. One of
the trans-olefinic protons, H-4 (� 7.28), showed a 1H-
1H COSY cross peak with the cis-olefinic proton, H-3
(� 6.36), while the other trans-olefinic proton, H-5 (�
5.94), was correlated with H2-6 (� 2.18) of the hydroxy-
pentyl unit. In addition, the cis-olefinic proton, H-3,
showed an HMBC correlation with a carboxylic car-
bonyl carbon, C-1 (� 173.0). Irradiation of H-3 in the
NOEDIFF experiment affected signal intensity of H-2
and H-5, indicating an s-trans configuration for a C3-
C4 single bond. Thus, curvulalic acid (3) was identified
as a new uncyclized metabolite of modiolide macrolides.
The absolute configuration at C-9 was proposed to be
R, identical to those of compounds 4-7, according to its
optical rotation which was similar to that of (R)-9-
hydroxydecanoic acid, [�]D

25 �7o (Jones et al., 1997). 
The isolated metabolites, except for 3 and 6 which

were obtained in small amounts, were evaluated for
antibacterial activity against SA and MRSA SK1 as
well as for antifungal activity against MG SH-MU-4.
They were inactive against all strains at the initial
concentration of 200 �g/mL, which was identical to the
activity of both broth and mycelial extracts. So far,
there has been only one report on the isolation of ten-
membered lactones from the marine-derived fungus
Curvularia sp. (Greve et al., 2008b). Furthermore,
this is the first isolation of an �-pyrone derivative
from the genus Curvularia.
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Five new metabolites, fusaranthraquinone (1), fusarnaphthoquinones A-C (2-4), and fusarone (5), were isolated from
the sea fan-derived fungi Fusarium spp. PSU-F14 and PSU-F135 along with 18 known compounds. The structures
were elucidated on the basis of spectroscopic evidence. Their antibacterial, antifungal, antimycobacterial, antimalarial,
and cytotoxic activities were examined.

Fungi in the genus Fusarium with the capability of producing
various bioactive metabolites have drawn attention from many
chemists to investigate their metabolites. They have produced a
broad range of secondary metabolites that show various biological
activities. Some of them are the antifungal fungerin,1 the antibacte-
rial and cytotoxic neomangicols,2 and the anti-Helicobacter pylori
methylsulochrin.3 We have recently reported the investigation of
sea fan-derived fungi that yielded the antibacterial nigrospoxydon
A4 and nigrosporapyrone A.5 In this paper, we describe the isolation
and structure determination of metabolites from two sea fan-derived
fungi, Fusarium spp. PSU-F14 and PSU-F135. One new octahy-
droanthraquinone, fusaranthraquinone (1), and four new compounds,
three hydronaphthoquinones, fusarnaphthoquinones A-C (2-4),
and one cyclopentanone, fusarone (5), were obtained from the broth
extracts of Fusarium spp. PSU-F14 and PSU-F135, respectively.
Seven known compounds, 9R-hydroxydihydrodesoxybostrycin (6),6

9R-hydroxyhalorosellinia A (7),6 nigrosporin A (8),7 bostrycin (9),8

austrocortirubin (10),9 (+)-dehydrovomifoliol,10 and 2-(2′S-hy-
droxypropyl)-5-methyl-7-hydroxychromone,11 were also obtained
from the broth extract of the fungus PSU-F14, while its mycelial
extract contained two additional known compounds, nigrosporin
B (11)7 and uridine.12 Compound 9 was isolated as its 11-acetoxy
derivative. Moreover, nine known compounds, aspergillol B,13 (+)-
solaninol (12),14 javanicin (13),15 5-hydroxy-8-methoxy-2,4-dim-
ethylnaphtho[1,2-b]furan-6,9-dione (14),14 2,3-dihydro-5-hydroxy-
8-methoxy-2,4-dimethylnaphtho[1,2-b]furan-6,9-dione(15),14fusarubin
(16),16 methyl ether fusarubin (17),17 anhydrofusarubin (18),16 and
tyrosol,18 were obtained from the broth extract of Fusarium sp.
PSU-F135. Their antibacterial, antifungal, antimalarial, antimyco-
bacterial, and cytotoxic activities were evaluated.

Results and Discussion

The marine-derived fungi PSU-F14 and PSU-F135, isolated from
a gorgonian sea fan (Annella sp.), were identified on the basis of
their morphological and molecular characteristics as Fusarium spp.
All compounds were isolated using chromatographic techniques,
and their structures were elucidated by spectroscopic data (IR, UV,
NMR, and MS). The relative configuration was assigned according
to NOEDIFF results. The absolute configurations of the known

compounds were determined by comparison of their specific
rotations with those previously reported in the literature (Supporting
Information).

Fusaranthraquinone (1) was obtained as a colorless gum with
the molecular formula C16H20O7 from HREIMS. The UV absorption
bands at 242, 280, and 353 nm revealed the presence of a conjugated
carbonyl chromophore, while the IR spectrum showed absorption
bands for hydroxy and conjugated ketone carbonyl groups at 3417
and 1667 cm-1, respectively. The 1H NMR and 13C NMR spectra
(Table 1) were similar to those of 9R-hydroxydihydrodesoxybos-
trycin (6)6 with significant differences in the chemical shifts of H2-1
(1: δH 1.87, t, J ) 11.5 Hz and 1.76, dd, J ) 11.5 and 3.5 Hz; 6:
δH 2.43, dd, J ) 12.6 and 5.1 Hz and 1.34, dd, J ) 12.6 and 11.7
Hz) and the coupling constants between H-9 and H-9a [1: J ) 3.5
Hz, H-9 (δH 5.00, t, J ) 3.5 Hz) and H-9a (δH 2.16, tt, J ) 11.5
and 3.5 Hz); 6: J ) 10.2 Hz, H-9 (δH 4.83, d, J ) 10.2 Hz) and
H-9a (δH 2.25, m)]. A small coupling constant of 3.5 Hz established
the location of H-9 in a pseudoequatorial position, not at the
pseudoaxial position as in 6. Ring C existed in a chair conformation,
identical to 6, according to the large coupling constants (J ) 11.5
Hz) between H-4a (δH 2.82, td, J ) 11.5 and 4.5 Hz) and H-9a
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and H-4b (δH 1.56, q, J ) 11.5 Hz) as well as the NOEDIFF data
of H-4a (Figure 1). The NOEDIFF data in Figure 1 further revealed
that the relative configurations of all asymmetric carbons in 1,
except C-9, were identical to that of 6. Consequently, 1 was
identified as the 9� epimer of 6. However, the absolute configuration
for 1 remains to be determined.

Fusarnaphthoquinone A (2) was obtained as a colorless gum with
the molecular formula C15H18O7 by HREIMS. The UV spectrum
was similar to that of 1. A hydroxy absorption band was found at
3330 cm-1, while carbonyl bands were found at 1700 and 1682
cm-1, in the IR spectrum. Compound 2 had a naphthalenone unit
(AB ring) related to that of 1 according to similar 1H and 13C NMR
data (Table 2) with significant differences in the chemical shifts of
C-5, C-6, and C-7 compared to the corresponding carbons in 1 (C-
9, C-9a, and C-4a, respectively). The presence of this naphthalenone
unit was confirmed by the HMBC correlations depicted in Figure
2. The proton signals for ring C in 1 were replaced by signals for
a 2-oxopropyl unit (δH 2.49, 1H, dd, J ) 17.7 and 5.4 Hz, 2.76,
1H, dd, J ) 17.7 and 8.1 Hz, and 2.20, 3H, s) and a hydroxymethyl
group (δH 4.18, 1H, dd, J ) 9.0 and 5.4 Hz and 3.77, 1H, d, J )
9.0 Hz) in 2. The presence of the 2-oxopropyl unit was supported
by the HMBC correlations from both H2-9 (δH 2.76 and 2.49) and
H3-11 (δH 2.20) to C-10 (δC 205.8). A reduced 1,4-naphthoquinone
unit having the 2-oxopropyl and hydroxymethyl substituents at C-6
(δC 44.0) and C-7 (δC 54.1), respectively, was established on the
basis of the HMBC correlations of H2-9 and H2-12 (δH 4.18 and
3.77) (Figure 2). The substituents at C-5, C-6, and C-7 were located
at the same side of the molecule on the basis of signal enhancement
of H-5 (δH 5.39) and H-7 (δH 2.99) upon irradiation of H-6 (δH

2.87) as well as that of H2-9 and H-7 after irradiation of H2-12 in
the NOEDIFF experiment (Figure 2). Therefore, fusarnaphtho-
quinone A has the structure 2, with the relative configuration shown.

Fusarnaphthoquinone B (3) with the molecular formula C15H16O5

by HREIMS was isolated as a red gum. The UV spectrum of 3

exhibited absorption bands at 227, 312, and 360 nm. Hydroxy and
ketone carbonyl functionalities were found at 3425 and 1629 cm-1,
respectively, in the IR spectrum. The 1H NMR spectrum of 3 (Table
2) was similar to that of 14, except for the disappearance of a typical
signal for a quinone proton (δH 6.19, s) in 3 and the appearance of
signals typical for two oxymethine protons (δH 3.83, ddd, J ) 11.1,
4.8, and 3.3 Hz and 5.60, brs) and two nonequivalent methylene
protons (δH 3.16, dd, J ) 16.8 and 11.1 Hz and 2.89, ddd, J )
16.8, 4.8, and 0.9 Hz). In the 1H-1H COSY spectrum, one of the
oxymethine protons, H-3 (δH 3.83), gave cross-peaks with the
nonequivalent methylene protons, H2-2 (δH 3.16 and 2.89), and
the other oxymethine proton, H-4 (δH 5.60). The HMBC correlations
H2-2/C-8a (δC 111.1), H-4/C-4a (δC 119.6), and H3-13 (δH 3.55)/
C-3 (δC 76.9) (Figure 3) together with the chemical shifts of C-3
and C-4 (δC 62.3) constructed a hydronaphthoquinone skeleton with
the methoxy and hydroxy groups at C-3 and C-4, respectively. The
signal intensity of H-3 was enhanced when H-4 was irradiated,
suggesting their cis-relationship. H-3 and H-4 were assigned
pseudoaxial and pseudoequatorial orientations, respectively, ac-
cording to the large J (11.1 Hz) and small J (3.3 Hz) values of H-3
with H-2a (δH 3.16) and H-4, respectively. Thus, fusarnaphtho-
quinone B (3) was identified as a new tetrahydronaphthoquinone
derivative of 14. Only the relative configuration is indicated.

Fusarnaphthoquinone C (4) was obtained as a red gum. Its
molecular formula, C29H26O11, by HREIMS indicated that 4 had

Table 1. 13C (75 MHz) and 1H (300 MHz) NMR and HMBC
Data of Compound 1 in Acetone-d6

position δC, mult. δH, mult. (J in Hz) HMBC

1 40.2, CH2 1.87, t (11.5) 4a, 9, 9a
1.76, dd (11.5, 3.5) 2, 3, 4a

2-OH 70.5, C 3.21, s 1, 2, 3
3 74.1, CH 3.47, ddd (11.5, 6.5, 4.5) 4
3-OH 3.81, d (6.5) 2, 3, 4
4 29.6, CH2 2.38, dt (11.5, 4.5) 2, 3, 4a, 9a

1.56, q (11.5) 2, 3, 4a, 9a
4a 41.5, CH 2.82, td (11.5, 4.5) 1, 3, 4, 9, 9a
5-OH 158.7, C 12.76, s 5, 6, 10a
6 98.8, CH 6.44, s 5, 7, 8, 10a
7 155.0, C
8 136.0, C
8a 129.0, C
9 62.4, CH 5.00, t (3.5) 4a, 8, 8a, 10a
9-OH 4.15, d (3.5) 8a, 9, 9a
9a 38.5, CH 2.16, tt (11.5, 3.5) 4
10 203.0, C
10a 107.8, C
11 55.7, CH3 3.93, s 7
12 26.7, CH3 1.29, s 1, 2, 3

Figure 1. Selected NOEDIFF data for 1.

Table 2. 13C (75 MHz) and 1H (300 MHz) NMR Data of
Compounds 2 and 3 in CDCl3

2 3

position δC, mult. δH, mult. (J in Hz) δC, mult. δH, mult. (J in Hz)

1 158.8, C 201.6, C
1-OH 11.67, s
2 99.0, CH 6.37, s 38.4, CH2 3.16, dd (16.8, 11.1)

2.89, ddd (16.8, 4.8, 0.9)
3 154.2, C 76.9, CH 3.83, ddd (11.1, 4.8, 3.3)
4 134.5, C 62.3, CH 5.60, brs
4-OH 2.70, d (1.8)
4a 127.6, C 119.6, C
5 74.6, CH 5.39, s 145.9, C
6 44.0, CH 2.87, dd (8.1, 5.4) 137.9, C
7 54.1, CH 2.99, d (5.4) 116.6, C
8 203.5, C 155.8, C
8-OH 12.34, s
8a 107.3, C 111.1, C
9 44.0, CH2 2.76, dd (17.7, 8.1) 102.6, CH 6.41, q (0.9)

2.49, dd (17.7, 5.4)
10 205.8, C 161.4, C
11 30.3, CH3 2.20, s 14.6, CH3 2.50, d (0.9)
12 66.4, CH2 4.18, dd (9.0, 5.4) 11.6, CH3 2.33, s

3.77, d (9.0)
13 56.4, CH3 3.91, s 56.6, CH3 3.55, s

Figure 2. Selected HMBC and NOEDIFF data for 2.

Figure 3. Selected HMBC data for 3.
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17 degrees of unsaturation. The presence of UV absorption bands
at 227, 275, 296, 403, 473, 500, 535, and 571 nm indicated the
existence of a 1,4-naphthoquinone chromophore.14 Furthermore, a
hydroxy absorption band was found at 3470 cm-1, while carbonyl
ones were found at 1717 and 1644 cm-1, in the IR spectrum. In
the 1H and 13C NMR spectra (Table 3), signals for four chelated
hydroxy protons [δH 12.24 (1H, s), 12.73 (1H, s), 12.76 (1H, s),
and 13.17 (1H, s)] and four carbonyl carbons (δC 177.8, 184.3,
200.4, and 203.6) suggested the presence of two 1,4-napthoquinone
units. Analysis of the HMBC correlations (Table 3, Figure 4) for
the left portion of 4 revealed that two chelated hydroxy protons
resonating at δH 12.76 and 13.17 were attributed to 9-OH and 10-
OH, respectively. The olefinic proton (δH 6.20) was assigned as
H-6 on the basis of its 3J HMBC correlations with C-8 (δC 177.8)
and C-10a (δC 107.9). Irradiation of H-6 enhanced the signal
intensity of H3-11 (δH 3.94), indicating the location of the methoxy
group at C-7 (δC 160.7). The 3J HMBC correlations from H2-1 (δH

3.12 and 3.02) to C-3 (δC 54.1) and C-4a (δC 137.6) and those
from H2-4 (δH 3.53 and 2.92) to C-2 (δC 72.3) and C-9a (δC 134.7)
established a tetrahydroanthraquinone unit. Both methyl (H3-12,
δH 1.30) and hydroxy groups were attached to C-2, according to
the 3J HMBC correlations of H3-12 and the chemical shift of C-2.
Two remaining chelated hydroxy protons resonating at δH 12.24
(8′-OH) and 12.73 (5′-OH) were sequentially placed at C-8′ (δC

152.8) and C-5′ (δC 154.5). The HMBC correlations from 8′-OH
to C-7′ (δC 139.4), C-8′, and C-8′a (δC 113.5) together with those

from the methyl protons (H3-12′, δH 2.24) to C-6′ (δC 132.9) and
C-8′ attached this methyl group at C-7′. A 2-oxopropyl unit was
established and located at C-6′ on the basis of the HMBC
correlations of H2-9′ (δH 3.93) and H3-11′ (δH 2.30), as demonstrated
in Figure 4. In the NOEDIFF experiment, signal enhancement of
8′-OH and H2-9′ upon irradiation of H3-12′ (δH 2.24) supported
the assigned location of the methyl and 2-oxopropyl groups. In
addition, two nonequivalent methylene protons (H2-2′, δH 3.20 and
2.88) displayed 3J HMBC correlations with C-8′a, connecting the
methylene group at C-1′ (δC 200.4). The HMBC correlations of
H2-2′/C-2, C-3 (C-3′), and C-4′ and those of H2-4/C-4′ established
a spiro skeleton by connecting the dihydronaphthoquinone and
tetrahydroanthraquinone at C-3 (C-3′). Therefore, fusarnaphtho-
quinone C (4) was identified as a new spiro dihydronaphthoquinone-
tetrahydroanthraquinone derivative.

Fusarone (5) was isolated as a colorless gum with the molecular
formula C14H22O3 by HREIMS. It showed absorption bands at 3209
and 1731 cm-1 for hydroxy and carbonyl groups, respectively. A
3,4-disubstituted cyclopentanone was established using a series of
1H-1H COSY cross-peaks (Supporting Information) from H2-2 (δH

2.32 and 2.06) through H-3 (δH 1.82) to H-4 (δH 1.88) and then to
H2-5 (δH 2.16 and 1.42) as well as the HMBC correlations of both
H2-2 and H2-5 with C-1 (δC 220.2). Another series of 1H-1H COSY
correlations from H2-6 (δH 2.35) through an olefinic proton (H-7,
δH 5.23) to the other olefinic proton (H-8, δH 5.43) and then to
H2-9 (δH 2.01) and H3-10 (δH 0.95) constructed a 2-pentenyl unit.
The configuration of the double bond was assigned as Z due to a
coupling constant of 10.8 Hz between H-7 and H-8. The 1H-1H
COSY cross-peaks of H2-12 (δH 1.75 and 1.63) and H2-13 (δH 2.38)
together with the HMBC correlations of both H2-12 and H2-13 to
C-11 (δC 34.1) and C-14 (δC 177.8) established a 3-carboxypropyl
unit. In the HMBC spectrum, H-3 of the cyclopentanone exhibited
a 3J HMBC correlation with C-7 (δC 125.3) of the 2-pentenyl unit
(Supporting Information), while H2-12 of the carboxypropyl unit
showed the same correlation with C-4 (δC 40.9). These data
sequentially connected the 2-pentenyl and the carboxypropyl units
at C-3 (δC 54.8) and C-4 of the cyclopentanone ring. In the
NOEDIFF experiment, irradiation of H2-11 enhanced the signal
intensity of H-3, but not any protons of the 2Z-pentenyl unit,
indicating that two substituents on the cyclopentanone ring were
trans-oriented. Therefore, fusarone (5) was identified as a new
cyclopentanone derivative.

The isolated compounds 1-3, 5-11, 13-16, 18, and 2-(2′S-
hydroxypropyl)-5-methyl-7-hydroxychromone were tested for an-
tibacterial activity against Staphylococcus aureus (SA) and methicillin-
resistant SA. Compounds 6, 10, 15, 16, and 18 exhibited very mild
antibacterial activity against both strains (MIC values >350 μM).
For antifungal activity, among the naphthoquinone derivatives 2-3,
13-16, and 18, compounds 3 and 16 exhibited very weak antifungal
activity against Cryptococcus neoformans and Microsporum gyp-
seum (MIC values >200 μM).

The known octahydroanthraquinone 7 has been previously
reported to exhibit antimalarial (against Plasmodium falciparum
K1, IC50 24.50 μM)6 and antimycobacterial (against Mycobacterium
tuberculosis H37Ra, MIC 38.57 μM)6 activities. Thus, the an-
thraquinone (6, 7, and 9-11) and naphthoquinone (2, 13, 15, 16,
and 18) derivatives were further evaluated for these activities (Table
4). Compounds 9, 11, 13, and 18 displayed weak antimalarial
activity, but better activity than 7, with IC50 values in the range
9.8-14 μM. Compounds 11 and 18 exhibited milder activity than
7 against M. tuberculosis. In addition, they were evaluated for
cytotoxic activities against oral human carcinoma cells (KB), human
breast cancer cells (MCF-7), and noncancerous Vero cells (African
green monkey kidney fibroblasts). Compounds 2, 10, and 15 were
noncytotoxic to Vero cell lines. Compound 10 was selectively
cytotoxic to MCF-7 cells, whereas compound 9 exhibited strong
activity to all tested cell lines. Furthermore, compound 18 showed

Table 3. 13C (75 MHz) and 1H (300 MHz) NMR and HMBC
Data of Compound 4 in CDCl3

position δC, mult. δH, mult. (J in Hz) HMBC

1 36.8, CH2 3.12, d (19.8) 2, 3, 4a, 9, 9a
3.02, d (19.8)

2 72.3, C
3, 3′ 54.1, C
4 32.2, CH2 3.53, d (19.8) 2, 3, 4a, 9a, 2′, 4′

2.92, d (19.8)
4a 137.6, C
5 184.3, C
6 109.7, CH 6.20, s 5, 8, 10a
7 160.7, C
8 177.8, C
8a 109.7, C
9-OH 161.2, C 12.76, s 8a, 9, 9a
9a 134.7, C
10a 107.9, C
10-OH 159.6, C 13.17, s 4a, 10, 10a
11 56.8, CH3 3.94, s 7
12 25.7, CH3 1.30, s 1, 2, 3
1′ 200.4, C
2′ 44.9, CH2 3.20, d (17.4) 2, 3, 4, 1′, 4′, 8′a

2.88, d (17.4)
4′ 203.6, C
4′a 112.8, C
5′-OH 154.5, C 12.73, s 4′, 5′, 6′
6′ 132.9, C
7′ 139.4, C
8′-OH 152.8, C 12.24, s 7′, 8′, 8′a
8′a 113.5, C
9′ 41.5, CH2 3.93, s 5′, 6′, 7′, 10′
10′ 203.6, C
11′ 30.0, CH3 2.30, s 9′, 10′
12′ 12.8, CH3 2.24, s 6′, 7′, 8′

Figure 4. Selected HMBC data for 4.
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significant selective cytotoxicity to both KB and MCF-7 cell lines.
Interestingly, compounds 9 and 18 displayed cytotoxic activity as
potent as the standard compounds against KB and MCF-7 cell lines,
respectively. Because they share a common 1,4-naphthoquinone
unit, this unit may play an important role in the activity. It is worth
noting that the hydropyran unit in compound 18 might contribute
to the selective cytotoxic activity.

Experimental Section

General Experimental Procedures. Optical rotations were measured
on a JASCO P-1020 polarimeter. The ultraviolet (UV) absorption
spectra were measured in MeOH on a Shimadzu UV-160A spectro-
photometer. The infrared (IR) spectra were recorded neat using a Perkin-
Elmer 783 FTS165 FT-IR spectrometer. 1H and 13C NMR spectra were
recorded on a 300 MHz Bruker FTNMR Ultra Shield spectrometer.
Chemical shifts are expressed in δ (ppm) referring to the tetrameth-
ylsilane peak. Mass data were obtained on a MAT 95 XL mass
spectrometer (ThermoFinnigan). Thin-layer chromatography (TLC) and
preparative TLC were performed on silica gel 60 GF254 (Merck).
Column chromatography was carried out on Sephadex LH-20 with
MeOH, silica gel (Merck) type 60 (230-400 mesh ASTM) or type
100 (70-230 mesh ASTM), or on reversed-phase silica gel C-18. Light
petroleum had a bp of 40-60 °C.

Fungal Material. The marine-derived fungi Fusarium spp. PSU-
F14 and PSU-F135 were isolated from a gorgonian sea fan (Annella
sp.) collected near Koh Hin Ran Pet, Suratthani Province, on October
11, 2005, by Mr. Sakanan Plathong, the Department of Biology, Faculty
of Science, Prince of Songkla University. They were deposited at the
Department of Microbiology, Faculty of Science, Prince of Songkla
University, as PSU-F14 and PSU-F135 (GenBank accession numbers
EU714385 and EU714402, respectively) on October 20, 2005.

The fungus PSU-F135 was identified on the basis of its morphologi-
cal and molecular characteristics. Its colony is rapid-growing, woolly
to cottony, and white in color with some tinge of pink in the mycelium
and pink to pale orange pigment in the agar medium. It produces two
kinds of conidia: macroconidia with multiple cells, slightly curved at
the pointed ends, and one-celled microconidia, which are the charac-
teristics of the genus Fusarium.19 Its 550 base pair ITS sequence
(EU714402) had 98.2% sequence identity to that for Fusarium sp.
NRRL 43815 (EF453208). This confirmed the identity of PSU-F135
to be a Fusarium sp. Colonies of the fungus PSU-F14 are also rapid-
growing, velvety, and pale orange in color. They release a bright orange
pigment into the agar medium. As neither conidia nor spores were
observed, this fungus was identified on the basis of the analysis of the
ITS regions of its rDNA gene. Its 525 base pair ITS sequence
(EU714385) had 99.8% and 100% sequence identity to those for
Fusarium spp. AF158314 and AF158313, respectively. This confirmed
the identity of PSU-F14 to be a Fusarium sp.

Fermentation, Extraction, and Isolation. The marine-derived fungi
Fusarium spp. PSU-F14 and PSU-F135 were grown on potato dextrose

agar at 25 °C for 5 days. Three pieces (0.5 × 0.5 cm2) of mycelial
agar plugs were inoculated into 500 mL Erlenmeyer flasks containing
300 mL of potato dextrose broth at room temperature for four weeks.
The flask culture (15 L) was filtered to separate filtrate from wet
mycelia. The filtrate was divided into three portions. Each portion was
extracted three times with an equal volume of EtOAc (3 × 800 mL).
The combined EtOAc layer was dried over anhydrous Na2SO4 and
evaporated to dryness under reduced pressure to give a dark red solid
(3.7 g) and a red-brown gum (839.0 mg) from Fusarium spp. PSU-
F14 and PSU-F135, respectively. The mycelia cake from the fungus
PSU-F14 was extracted with MeOH (500 mL). The MeOH layer was
concentrated under reduced pressure. H2O (100 mL) was added to the
extract, and the mixture was washed with hexane (300 mL). The
aqueous residue was extracted three times with an equal volume of
EtOAc (3 × 300 mL). The EtOAc layer was then dried over anhydrous
Na2SO4 and evaporated to dryness to obtain a brown solid (560.0 mg).
The extracts from the fungi PSU-F14 and PSU-F135 were then
subjected to a variety of chromatographic techniques to give compounds
1 (3.1 mg), 2 (4.0 mg), 3 (3.0 mg), 4 (1.5 mg), and 5 (3.1 mg) and 18
other compounds. Details are shown in flow diagrams in the Supporting
Information.

Fusaranthraquinone (1): colorless gum; [R]25
D -18 (c 0.92,

acetone); UV (MeOH) λmax (log ε) 242 (3.91), 280 (3.61), 353 (3.42)
nm; IR (neat) νmax 3417, 1667 cm-1; 1H NMR (acetone-d6, 300 MHz),
see Table 1; 13C NMR (acetone-d6, 75 MHz), see Table 1; HREIMS
m/z [M]+ 324.1195 (calcd for C16H20O7, 324.1209).

Fusarnaphthoquinone A (2): colorless gum; [R]24
D -25 (c 0.45,

MeOH); UV (MeOH) λmax (log ε) 244 (3.51), 282 (3.69), 352 (3.26)
nm; IR (neat) νmax 3330, 1700, 1682 cm-1; 1H NMR (CDCl3, 300 MHz),
see Table 2; 13C NMR (CDCl3, 75 MHz), see Table 2; HREIMS m/z
[M - H2O]+ 292.0948 (calcd for C15H16O6, 292.0947).

Fusarnaphthoquinone B (3): red gum; [R]25
D -11 (c 0.12, MeOH);

UV (MeOH) λmax (log ε) 227 (4.08), 312 (4.01), 360 (3.45) nm; IR
(neat) νmax 3425, 1629 cm-1; 1H NMR (CDCl3, 300 MHz), see Table
2; 13C NMR (CDCl3, 75 MHz), see Table 2; HREIMS m/z [M]+

276.1001 (calcd for C15H16O5, 276.0988).
Fusarnaphthoquinone C (4): red gum; [R]25

D -125 (c 0.13,
MeOH); UV (MeOH) λmax (log ε) 227 (4.23), 275 (3.70), 296 (3.69),
403 (3.61), 473 (3.47), 500 (3.53), 535 (3.44), 571 (3.12) nm; IR (neat)
νmax 3470, 1717, 1644 cm-1; 1H NMR (CDCl3, 300 MHz), see Table
3; 13C NMR (CDCl3, 75 MHz), see Table 3; HREIMS m/z [M]+

550.1478 (calcd for C29H26O11, 550.1475).
Fusarone (5): colorless gum; [R]23

D -58 (c 0.20, MeOH); UV
(MeOH) λmax (log ε) 213 (3.18) nm; IR (neat) νmax 3209, 1731 cm-1;
1H NMR (CDCl3, 300 MHz) δ 5.43 (1H, dtt, J ) 10.8, 7.2, 1.5 Hz,
H-8), 5.23 (1H, dtt, J ) 10.8, 7.5, 1.5 Hz, H-7), 2.38 (2H, m, H-13),
2.35 (2H, m, H-6), 2.32 (1H, m, H-2a), 2.16 (1H, m, H-5a), 2.06 (1H,
m, H-2b), 2.01 (2H, m, H-9), 1.88 (1H, m, H-4), 1.82 (1H, m, H-3),
1.77 (1H, m, H-11a), 1.75 (1H, m, H-12a), 1.63 (1H, m, H-12b), 1.42
(1H, m, H-5b), 1.31 (1H, m, H-11b), 0.95 (3H, t, J ) 7.5 Hz, H-10);
13C NMR (CDCl3, 75 MHz) δ 220.2 (C, C-1), 177.8 (C, C-14), 133.7
(CH, C-8), 125.3 (CH, C-7), 54.8 (CH, C-3), 40.9 (CH, C-4), 37.9
(CH2, C-2), 34.1 (CH2, C-11), 33.8 (CH2, C-13), 26.9 (CH2, C-5), 25.5
(CH2, C-6), 22.3 (CH2, C-12), 20.6 (CH2, C-9), 14.1 (CH3, C-10);
HREIMS m/z [M]+ 238.1560 (calcd for C14H22O3, 238.1569).

9r-Hydroxydihydrodesoxybostrycin (6): [R]25
D -8 (c 0.16, MeOH);

[lit. [R]25
D -5.6 (c 0.16, MeOH)].6

Antimicrobial Assays Using a Colorimetric Broth Microdilution
Test. Antimicrobial activity was determined as described by the Clinical
and Laboratory Standards Institute20-22 and Drummond and Waigh.23

Antimycobacterial Assay. Antimycobacterial activity was deter-
mined against M. tuberculosis H37Ra using green fluorescent protein
(GFP)-based fluorescent detection.24

Antimalarial Assay. The activity was evaluated against the parasite
P. falciparum (K1, multi-drug-resistant strain), using the microculture
radioisotope technique based on the method described.25

Cytotoxicity Assays. The activity assay against African green
monkey kidney fibroblast (Vero) cells was performed in triplicate
employing the method described by Hunt and co-workers.26 The
activities against KB and MCF-7 cell lines were evaluated using the
resazurin microplate assay.27
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Table 4. Antimalarial, Antimycobacterial, and Cytotoxic
Activities of Some Metabolites

antimalarial
(IC50, μM)

anti-TB
(MIC μM) cytotoxicity (IC50, μM)

compound
P. falciparum

K1
M.

tuberculosis KB MCF-7 Vero

2 d d 130 22 d

6 d d 19 15 57
7 25 39 49 6.2 54
9 9.8 d 0.9 2.7 4.2
10 d d d 6.3 d

11 13 41 88 5.4 29
13 12 d 5.7 13 170
15 d d 120 101 d

16 d d 14 9.8 79
18 14 87 2.0 0.9 58
dihydroartemisinina 0.004
isoniazidb 0.17-0.34
doxorubicinc 0.33 2.18
ellipticinec 1.10 4.47

a Standard antimalarial drug. b Reference compounds for anti-
mycobacterial activity. c Standard compounds for cytotoxicity assay.
d Inactive.
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Nigrosporanenes A (1) and B (2), two new cylohexene derivatives, and tyrosol (3) were isolated
from the sea fan-derived fungus Nigrospora sp. PSU-F11, whereas five known compounds: 4-
hydroxybenzoic acid (4), aplysiopsene D (5), 3-isochromanone (6), (-)-drimenin (7) and dike-
topiperazine derivative (8), were obtained from the fungus Nigrospora sp. PSU-F12. Their
structures were established by spectroscopic evidence. We also tested their cytotoxic (on Afri-
can green monkey kidney fibroblast and breast cancer cells), antioxidant (in the DPPH assay),
and antibacterial (against the standard Staphylococcus aureus ATCC 25923 and methicillin-
resistant S. aureus) activities. 
Key words: Nigrospora sp., Cyclohexenes, Lactones, Cytotoxic activity, Antioxidant activity,
Antibacterial activity

INTRODUCTION

During our ongoing search for bioactive natural
products from marine-derived fungi, a number of
isolates in the genus Nigrospora with interesting
biological activities were isolated from a gorgonian sea
fan (Annella sp.) collected near the Similan Islands,
Southern Thailand. Bioactive secondary metabolites
isolated from Nigrospora sp. include phytotoxic and
antibacterial nigrosporins from Nigrospora oryzae
(Tanaka et al., 1997), herbicidal phomalactone from
the culture broth of Nigrospora sacchari (Fukushima
et al., 1998), and antiviral aphidicolin from Nigrospora
sphaerica (Starratt et al., 1974; Michaelis et al., 2002).
We have recently identified metabolites from two sea

fan-derived fungi, Nigrospora sp. PSU-F5 (Trisuwan
et al., 2008), which contained epxydon and pyrone
analogues, and PSU-F18 (Trisuwan et al., 2009), which
contained pyrone derivatives of the solanapyrone type.
We report herein the isolation of two new cyclohexene
metabolites (1 and 2) along with one known phenol,
tyrosol (3) (Trisuwan et al., 2009), from the fungus
Nigrospora sp. PSU-F11, and five known metabolites,
4-hydroxybenzoic acid (4) (Pyo et al., 2002), aplysio-
psene D (5) (Ciavatta et al., 2009), 3-isochromanone
(6) (Almena et al., 1995), (-)-drimenin (7) (Akita et al.,
2000), and diketopiperazine derivative (8) (Chu et al.,
1993), from the fungus Nigrospora sp. PSU-F12. We
also report on their antibacterial activity against the
standard Staphylococcus aureus ATCC 25923 (SA)
and methicillin-resistant S. aureus (MRSA), antioxi-
dant activity in the DPPH assay, and cytotoxicity
against both breast cancer (MCF-7) and African green
monkey kidney fibroblast (Vero) cell lines.
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Chemistry, Faculty of Science, Prince of Songkla University,
Songkhla 90112, Thailand
Tel: 66-74-288-435, Fax: 66-74-212-918
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MATERIALS AND METHODS

General experimental procedures
The Infrared (IR) spectra were recorded using a

Perkin-Elmer 783 FTS165 FT-IR spectrometer. The
Ultraviolet (UV) absorption spectra were measured on
a SHIMADZU UV-160A spectrophotometer. 1H and
13C NMR spectra were recorded on a 300 MHz Bruker
FTNMR Ultra Shield™ spectrometer in deutero-
chloroform solution with tetramethylsilane (TMS) as
an internal standard. The electron ionization (EI) and
high resolution electron ionization (HREI) mass
spectra were obtained on a MAT 95 XL Mass Spectro-
meter (Thermofinnigan). Optical rotation was mea-
sured on a JASCO P-1020 polarimeter. Thin-layer
chromatography (TLC) and preparative TLC were
performed on silica gel 60 GF254 (Merck). Column
Chromatography (CC) was performed on Sephadex
LH-20 with MeOH, silica gel (Merck) type 60 (230-400
mesh ASTM) or type 100 (70-230 mesh ASTM) with a
MeOH-CH2Cl2 gradient, or reverse phase C-18 silica
gel with a MeOH-H2O gradient. Light petroleum had
a bp of 40-60°C.

Fungal material
The fungi Nigrospora sp. PSU-F11 and PSU-F12

were isolated from the gorgonian sea fan (Annella sp.),
which was collected near the Similan Islands, Thailand,
in 2005. They were deposited as PSU-F11 and PSU-
F12 at the Department of Microbiology, Faculty of
Science, Prince of Songkla University.

Fermentation and isolation
The broth extracts of both fungi were prepared

using the same procedure as described for Nigrospora
sp. PSU-F5 (Trisuwan et al., 2008). The crude extract
of Nigrospora sp. PSU-F11 (497.7 mg) was subjected
to CC over Sephadex LH-20 to obtain four fractions
(1A-1D). Fraction 1B (287.9 mg) was further purified
by CC over silica gel to afford three subfractions (1B1-
1B3). Subfraction 1B2 (101.4 mg, eluted with 2-4%
MeOH-CH2Cl2), was purified by reverse phase C-18
CC to give three subfractions. The second subfraction
(48.1 mg, eluted with 40-60% MeOH-H2O) was further
purified by flash CC over silica gel to afford 1 (6.4 mg)
and 2 (4.5 mg). Fraction 1C (64.9 mg) was purified by
CC over silica gel with 30% EtOAc-light petroleum
followed by preparative TLC using 20% acetone-light
petroleum (6 runs) as a mobile phase to afford 3 (2.7
mg). Purification of the broth extract of the fungus
PSU-F12 (519.3 mg) was performed by CC over
Sephadex LH-20 to give four fractions (2A-2D). Frac-
tion 2B (266.6 mg) was then subjected to CC over

silica gel to afford four subfractions (2B1-2B4). Sub-
fraction 2B1 (17.9 mg, eluted with 1% MeOH-CH2Cl2)
was purified by preparative TLC using 3% EtOAc-
light petroleum (7 runs) as a mobile phase to give 6
(1.2 mg) and 7 (5.7 mg). 5 (1.5 mg) was obtained after
subjecting subfraction 2B2 (4.4 mg, eluted with 1-2%
MeOH-CH2Cl2) to preparative TLC using 4% EtOAc-
light petroleum (9 runs) as a mobile phase. Subfrac-
tion 2B3 (58.3 mg, eluted with 2-8% MeOH-CH2Cl2)
was subjected to CC over silica gel to afford 8 (1.2 mg).
Fraction 2C (40.8 mg) was separated by reverse phase
C-18 CC and then re-chromatographed by CC over
Sephadex LH-20 to afford 4 (4.7 mg).

Nigrosporanene A (1)
Colorless gum; [�]D

25 -145.2 (MeOH; c 0.85); UV (MeOH)
�max nm (log �): 203 (4.05); IR (neat): 3392, 1705 cm-1;
HREIMS m/z 254.1524 [M]+ (calcd. for C14H22O4,
254.1518); EIMS m/z 254 [M+], 236, 163, 107, 91; 1H
NMR (300 MHz, CDCl3) and 13C NMR (75 MHz,
CDCl3): see Table I.

Nigrosporanene B (2)
Colorless gum; [�]D

25 -40.5 (MeOH; c 0.54); UV (MeOH)
�max nm (log �): 206 (4.34); IR (neat):3391, 1708 cm-1;
HREIMS m/z 236.1416 [M-H2O]+ (calcd. for C14H20O3,
236.1412); EIMS m/z 254 [M+], 236, 163, 107, 91; 1H
NMR (300 MHz, CDCl3) and 13C NMR (75 MHz,
CDCl3): see Table I.

Tyrosol (3)
Colorless gum; UV (MeOH) �max nm (log �): 205 (3.47),
222 (3.50), 278 (3.05); IR (neat): 3354 cm-1; 1H NMR
(300 MHz, CDCl3) �: 7.11 (2H, d, J = 9.0 Hz, H-3, H-
5), 6.79 (2H, d, J = 9.0 Hz, H-2, H-6), 3.83 (2H, t, J =
6.0 Hz, H-8), 2.81 (2H, t, J = 6.0 Hz, H-7); 13C NMR
(75 MHz, CDCl3) �: 154.2 (s, C-1), 130.6 (s, C-4), 130.2
(d, C-3, C-5), 115.5 (d, C-2, C-6), 63.8 (t, C-8), 38.3 (t,
C-7).

4-Hydroxybenzoic acid (4)
Colorless gum; UV (MeOH) �max nm (log �): 253 (3.18),
273 (2.98); IR (neat): 3462, 1656 cm-1; 1H NMR (300
MHz, CDCl3) �: 7.93 (2H, d, J = 8.7 Hz, H-3, H-7), 6.93
(2H, d, J = 8.7 Hz, H-4, H-6); 13C NMR (75 MHz,
CDCl3) �: 166.9 (s, C-1), 161.8 (s, C-5), 131.8 (d, C-3, C-
7), 121.7 (s, C-2), 115.1 (d, C-4, C-6)

Aplysiopsene D (5)
Colorless gum; [�]D

24 -109.4 (MeOH; c 0.08); UV (MeOH)
�max nm (log �): 204 (3.87); IR (neat): 1724 cm-1; 1H
NMR (500 MHz, CDCl3) �: 6.35 (1H, dd, J = 10.0, 0.5
Hz, H-8), 6.03 (1H, s, H-5), 3.84 (3H, s, H-15), 2.38
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(1H, m, H-9), 1.87 (3H, s, H-14), 1.83 (3H, d, J = 1.5
Hz, H-13), 1.37 (1H, m, Ha-10), 1.28 (1H, m, Hb-10),
0.95 (3H, d, J = 7.0 Hz, H-12), 0.78 (3H, t, J = 7.5 Hz,
H-11); 13C NMR (125 MHz, CDCl3) �: 166.0 (s, C-4),
160.2 (s, C-2), 160.0 (s, C-6), 141.3 (d, C-8), 124.5 (s, C-
7), 102.0 (s, C-3), 91.8 (d, C-5), 56.2 (q, C-15), 35.1 (d,
C-9), 30.0 (t, C-10), 20.3 (q, C-12), 12.7 (q, C-13), 12.0
(q, C-11), 8.5 (q, C-14).

3-Isochromanone (6)
Colorless gum; UV (MeOH) �max nm (log �): 208 (3.63),
246 (3.45); IR (neat): 1756 cm-1; 1H NMR (300 MHz,
CDCl3) �: 7.46 (1H, d, J = 7.0 Hz, H-8), 7.40 (1H, t, J
= 7.0 Hz, H-7), 7.27 (1H, t, J = 7.0 Hz, H-6), 7.08 (1H,
brd, J = 7.0 Hz, H-5), 4.62 (2H, s, H-1), 3.89 (2H, s, H-
4); 13C NMR (75 MHz, CDCl3) �: 173.3 (s, C-3), 136.1
(s, C-4a), 129.2 (d, C-6), 128.9 (d, C-8), 128.7 (d, C-7),
128.5 (d, C-5), 127.4 (s, C-8a), 71.1 (t, C-1), 34.0 (t, C-
4).

(-)-Drimenin (7)
Colorless gum; [�]D

26 -57.4 (benzene; c 0.85); UV (MeOH)
�max nm (log �): 208 (3.72); IR (neat): 1762 cm-1; 1H
NMR (300 MHz, CDCl3) �: 5.74 (1H, brs, H-7), 4.68
(1H, dt, J = 12.0, 2.0 Hz, Ha-13), 4.65 (1H, dt, J =
12.0, 2.0 Hz, Hb-13), 2.78 (1H, brs, H-9), 2.49 (1H,
ddd, J = 13.5, 5.0, 2.0 Hz, Ha-1), 2.20 (1H, dm, J =
14.0 Hz, Ha-6), 1.99 (1H, dm, J = 14.0 Hz, Hb-6), 1.59
(1H, dm, J = 13.5 Hz, Ha-2), 1.49 (1H, dm, J = 14.0
Hz, Ha-3), 1.48 (1H, dm, J = 13.5 Hz, Hb-2), 1.36 (1H,
dd, J = 12.0, 5.0 Hz, H-5), 1.26 (1H, dm, J = 14.0 Hz,
Hb-3), 1.20 (1H, dd, J = 13.5, 3.5 Hz, Hb-1), 0.92 (3H,
s, H-14), 0.90 (3H, s, H-15), 0.88 (3H, s, H-16); 13C
NMR (75 MHz, CDCl3) �: 175.2 (s, C-11), 129.9 (s, C-

8), 121.2 (d, C-7), 69.8 (t, C-13), 53.7 (d, C-9), 49.7 (d,
C-5), 42.4 (t, C-3), 38.5 (t, C-1), 34.4 (s, C-10), 33.1 (s,
C-4), 33.0 (q, C-15), 23.4 (t, C-6), 21.4 (q, C-14), 18.3 (t,
C-2), 13.9 (q, C-16).

Sch 54796 (8)
White solid; mp 202.0-204.0oC; [�]D

25 -50.9 (MeOH; c
0.10); UV (MeOH) �max nm (log �): 206 (3.47), 224 (2.44),
272 (2.52); IR (neat): 3177, 3066, 1672 cm-1; 1H NMR
(300 MHz, CDCl3) �: 7.10 (2H, d, J = 8.5 Hz, H-9, H-
9'), 6.78 (1H, d, J = 8.5 Hz, H-10, H-10'), 6.05 (1H, brs,
4-NH), 5.97 (1H, brs, 1-NH), 5.39 (1H, tm, J = 7.0 Hz,
H-13), 4.90 (1H, d, J = 1.5 Hz, H-3), 4.41 (2H, d, J =
6.5 Hz, H-12), 3.50 (1H, d, J = 14.0 Hz, Ha-7), 2.95
(1H, d, J = 14.0 Hz, Hb-7), 2.16 (3H, s, H-18), 1.72
(3H, s, H-15), 1.67 (3H, s, H-16), 1.64 (3H, s, H-17); 13C
NMR (75 MHz, CDCl3) �: 165.3 (s, C-5), 164.5 (s, C-2),
158.8 (s, C-11), 138.3 (s, C-14), 132.1 (d, C-9, C-9'),
125.1 (s, C-8), 119.6 (d, C-13), 115.0 (d, C-10, C-10'),
67.8 (s, C-6), 64.9 (t, C-12), 58.5 (d, C-3), 43.0 (t, C-7),
25.8 (q, C-15), 18.2 (q, C-16), 13.3 (q, C-18), 11.3 (q, C-
17).

Biological assays
The antibacterial activity was evaluated against SA

and MRSA using the agar microdilution method
(Lorian, 1996). MICs were recorded by reading the
lowest substance concentration that inhibited visible
growth. Vancomycin, a positive control drug, exhibited
an MIC value of 1 �g/mL. Growth controls were per-
formed on the agar containing DMSO. Antioxidant
activity was tested as previously described (Yen and
Hsieh, 1997) and presented as IC50 (sample concentra-
tion that produced 50% scavenging of the DPPH

Table I. 1H, 13C NMR and HMBC data of nigrosporanenes A (1) and B (2) in CDCl3

Position
1 2 1 and 2

1H
� (mult., J, Hz)

13C
� (mult.) �H (mult., J, Hz) �C (mult.) HMBC

1
2
3
4
5
6
7
8
9
10
11
12
13
14

4.20 (brd, 8.4)
5.67 (dd, 0.9, 10.8)
5.54 (ddd, 2.1, 3.9, 10.8)
3.19 (m) 
3.19 (m)
4.08 (dd, 8.4, 10.2)
-
4.36 (q, 7.2)
1.40 (d, 7.2)
5.11 (dd, 8.4, 15.3) 
5.47 (td, 7.2, 15.3)
1.94 (dq, 1.2, 7.2)
1.32 (sext, 7.2)
0.84 (t, 7.2)

72.0 (d)
128.2 (d)
129.4 (d)
42.4 (d)
51.0 (d)
72.0 (d)
213.0 (s)
71.6 (d)
20.1 (q)
126.8 (d)
134.8 (d)
34.3 (t)
22.2 (t)
13.5 (q)

4.06 (brd, 2.1)
5.57 (d, 10.8)
5.77 (d, 10.8)
3.28 (t, 7.8) 
3.15 (dd, 2.1, 7.8)
3.93 (t, 2.1)
-
4.47 (q, 6.6)
1.34 (d, 6.6)
5.24 (dd, 7.8, 15.3) 
5.50 (td, 7.8, 15.3)
1.95 (q, 7.8)
1.36 (sext, 7.8)
0.87 (t, 7.8)

67.4 (d)
125.1 (d)
133.3 (d)
37.5 (d)
48.9 (d)
70.4 (d)
214.5 (s)
72.5 (d)
19.4 (q)
129.8 (d)
133.5 (d)
34.5 (t)
22.3 (t)
13.7 (q)

C-2, C-3, C-6
C-4, C-6
C-1, C-4, C-5, C-10
C-2, C-3, C-5, C-6, C-7, C-10, C-11
C-3, C-4, C-6, C-8, C-10
C-1, C-4, C-5, C-7
-
C-7, C-9
C-7, C-8 
C-3, C-4, C-5, C-7, C-11
C-4, C-10, C-12, C-13
C-10, C-11, C-13, C-14
C-11, C-12, C-14
C-12, C-13
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radical). 2,6-Di-tert-butyl-4-methylphenol, the standard
reagent, gave an IC50 value of 0.02 mg/mL. The cyto-
toxicity assay against African green monkey kidney
fibroblasts (Vero) and MCF-7 (human breast cancer)
cells was performed using the calorimetric method
(Skehan et al., 1990). The standard compound, ellipti-
cine, showed an IC50 value of 2.40 �g/mL.

RESULTS AND DISCUSSION

The fungi PSU-F11 and PSU-F12 were identified as
Nigrospora species on the basis of morphological
characteristics (Barnett and Hunter, 1998). Their col-
onies were rapid-growing, woolly to cottony, and white
to gray in color. The hyphae were septate. Conidiophores
are simple, unbranched, and short, with inflated ends
or vesicle. The conidium was black, spherical, and
borne on the end of the vesicle. The fungal strain was
cultivated on potato dextrose broth at room tempera-
ture for 4 weeks. The ethyl acetate extracts of the
culture broth of PSU-F11 and PSU-F12 were subjected
to chromatographic purification. The former afforded
two new cyclohexene analogues (1 and 2) and the
known tyrosol (3), whereas the latter yielded five
known metabolites: 4-hydroxybenzoic acid (4), aplysio-
psene D (5), 3-isochromanone (6), (-)-drimenin (7) and
a diketopiperazine derivative (8). Their structures
were established on the basis of spectroscopic an-
alyses, including 2D NMR spectroscopic techniques.
For the known compounds, their 1H and 13C NMR
data were also compared with previous reports. The
relative configuration of 1 and 2 was established on
the basis of NOEDIFF data. The absolute configura-
tion at C-1 and C-6 of 1 and 2 could be resolved using
the Harada-Nakanishi dibenzoate rule (Ayer et al.,
1992; Hashimoto et al., 2008), but we did not have
sufficient material. The absolute configuration of the
known metabolites was assigned by NOEDIFF data
and by comparison of their optical rotation with the
literature.

Nigrosporanene A (1), with the molecular formula
C14H22O4 from HREIMS, was obtained as a colorless
gum with [�]D

25 -145.2 (MeOH; c 0.85). It exhibited
hydroxyl and carbonyl absorption bands at 3392 and
1705 cm-1, respectively, in the IR spectrum. The
olefinic proton signals at � 5.67 and 5.54 (Table I)
were assigned as cis-olefinic protons, H-2 and H-3,
respectively, according to the coupling constant of 10.8
Hz. The 1H-1H COSY spectrum showed correlations of
H-2 with H-1(� 4.20) and H-3; H-4 (� 3.19) with H-3
and H-5 (� 3.19); and H-6 (� 4.08) with H-1 and H-5.
These results together with the chemical shifts of H-1
and H-6 established a cyclohexene skeleton with a

double bond at C-2 and C-3 and hydroxyl groups at C-
1 and C-6. The chemical shifts of C-1 (� 72.0) and C-6
(� 72.0) supported the above assignment. Two remain-
ing olefinic protons were attributed to H-10 (� 5.11)
and H-11 (� 5.47), which had trans orientation ac-
cording to their coupling constant of 15.3 Hz. In the
1H-1H COSY spectrum, H-11 showed cross peaks with
H-10 and H2-12 (� 1.94), whereas H2-13 (� 1.32) gave
the same correlations with H2-12 and H3-14 (� 0.84) to
show a 1-pentenyl subunit. Furthermore, the following
1H-1H COSY and HMBC data (Table I) indicated the
presence of a -(CO)CH(OH)CH3 subunit. The hydroxy-
methine proton, H-8 (� 4.36), exhibited a 1H-1H COSY
cross peak with H3-9 (� 1.40) and gave HMBC correl-
ations with C-7 (� 213.0) and C-9 (� 20.1). The connec-
tivity of the three assigned subunits was deduced by
the HMBC correlations of H-10 with C-3 (� 129.4), C-
4 (� 42.4), and C-5 (� 51.0); H-4 with C-7; and H-5 with
C-8 (� 71.6). These results showed the attachment of
the 1-pentenyl and �-hydroxy ketone units at C-4 and
C-5 of the cyclohexene ring, respectively. The relative
stereochemistry of 1 was determined by the NOEDIFF
data and J values. H-6 was coupled with H-1 and H-5
with coupling constants of 8.4 and 10.2 Hz, respectively,
indicating that these protons were at pseudoaxial
positions (Fig. 2). The signal intensity of H-6 was
enhanced when H-10 of the 1-pentenyl subunit was
irradiated in the NOEDIFF experiment, and was
assigned to the pseudoaxial position. Thus, the sub-
stituents of the cyclohexene ring, except for the 1-
pentenyl subunit, were pseudoequatorially oriented.
The difference in the J value of the pseudoaxial H-1
and H-2 versus that of H-3 and the pseudoequatorial
H-4 (Jolad et al., 1981) supported this conclusion.
Therefore, 1 was identified as a new cyclohexene deri-
vative (Fig. 1).

Nigrosporanene B (2) was obtained as a colorless
gum with [�]D

25 -40.5 (MeOH; c 0.54), and possessed
the same molecular formula as 1 from HREIMS. The
UV and IR absorption bands of 2 were similar to those
of 1. Comparison of their 1H, 13C NMR and HMBC
data (Table I) indicated that their structures were
alike. In the half-chair conformation, H-4 (� 3.28) was
coupled with H-5 (� 3.15) with a large coupling con-
stant of 7.8 Hz, indicating a trans diaxial relationship
(Fig. 2). In addition, H-5 was coupled with H-6 (� 3.93)
with a small coupling constant of 2.1 Hz, suggesting a
pseudoequatorial location, not pseudoaxial as in 1. H-
1 (� 4.06) was located either pseudoaxially or pseudo-
equatorially with a small J value of 2.1 Hz between H-
1 and H-6. H-1 was assigned the pseudoaxial position,
identical to 1, on the basis of the similar J values of H-
1 and H-2 in both compounds. This assignment was
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supported by the signal enhancement of H-1 upon
irradiation of H-5 in the NOEDIFF experiment. There-
fore, 2 differed from 1 in the spatial arrangement of
the substituents at C-4 (� 37.5) and C-6 (� 70.4) (Fig.
1).

Several fungal metabolites related to compounds 1
and 2, arthropsatriols A (9) and B (10) (Ayer et al.,
1992), and norleptospol C (11) (Murakami et al. 2009),
have been isolated from Arthropsis truncata and
Leptosphaeria doliolum, respectively. Although all of
them have different relative stereochemistry, they
share common structural features: C-1 and C-6
hydroxyl groups, a C-5 three-carbon chain, and a C-4
trans-1-alkenyl substituent with various numbers of
carbons. Thus, compounds 1, 2, and 11 may have a
biosynthetic pathway similar to that proposed for 9
and 10 (Ayer and Craw, 1992). 

Compounds 1, 2, and 7 were evaluated for cytotoxic
activity against MCF-7 and Vero cell lines, antioxi-
dant activity with the DPPH assay, and antibacterial

activity against SA and MRSA. Compound 1 exhibited
cytotoxic activity against MCF-7 and Vero cells with
respective IC50 values of 9.37 and 5.42 �g/mL, where-
as 2 and 7 were inactive at 50 �g/mL. Compound 7
was inactive against KB (mouth epidermoid carcin-
oma), HL60 (promyelocytic leukemia), and HCT116
(colon) cancer cell lines (Allouche et al., 2009). No
compound showed antibacterial activity against SA
and MRSA at the concentration of 200 �g/mL. Finally,
1 and 2 showed weak radical scavenging activity with
IC50 values of 0.34 and 0.24 mg/mL, respectively,
whereas 7 was inactive.
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a b s t r a c t

Pyrones, named nigrosporapyrones A–D (1–4), and five known compounds were isolated from the mar-
ine-derived fungus Nigrospora PSU-F18. Their structures were elucidated on the basis of spectroscopic
evidence. The antibacterial activity against the standard Staphylococcus aureus ATCC 25923 and methicil-
lin-resistant S. aureus was evaluated.

� 2009 Elsevier Ltd. All rights reserved.

1. Introduction

The genus Nigrospora has been recognized as plant endophyte
and also as a rich source of biologically active secondary metabo-
lites, including herbicidal lactones (Fukushima et al., 1998), anti-
bacterial nigrosporins (Tanaka et al., 1997), phytoxin
epoxyexserohilone (Cutler et al., 1991) and antibiotic griseofulvin
(Furuya et al., 1967). We recently reported the isolation and the
antibacterial activity of metabolites isolated from the first mar-
ine-derived fungus Nigrospora sp. (Trisuwan et al., 2008). We de-
scribed herein investigation of the second marine-derived fungus
Nigrospora sp. PSU-F18 of which the ethyl acetate extract from
the culture broth exhibited interesting antibacterial activity
against standard Staphylococcus aureus ATCC 25923 (SA) and a clin-
ical isolate of methicillin-resistant S. aureus (MRSA). Investigation
of the broth extract led to isolation and structural elucidation of
four new pyrones, nigrosporapyrones A–D (1–4) together with five
known compounds, solanapyrone A (5) (Alam et al., 1989), (+)-
phomalactone (6) (Yang et al., 1997), 5-(S)-[1-(1(S)-hydroxybut-
2-enyl)]-dihydrofuran-2-one (7) (Fukushima et al., 1998), musacin
F (8) (Grabley et al., 1994) and tyrosol (9) (Rasser et al., 2000).

2. Results and discussion

The marine-derived fungus Nigrospora sp. PSU-F18 was isolated
from the sea fan (Annella sp.). As neither conidia nor spores were

observed, this fungus was identified based on the analyses of the
partial large subunit (LSU) and the ribosomal internal transcribed
spacer (ITS) regions of their rDNA gene. Its LSU sequence
(EU852533) matched with the closely related sequence of Nigros-
pora sp. AY234934 with 100% bootstrap support. Moreover, its
ITS sequence (EU714386) was well placed in the major Nigrospora
clade comprising Nigrospora sp. (AM262341, EU714382, EF589888,
AM921707, EF564154) and Nigrospora oryzae (EU427044,
EU529995, EU529994, EU529993, DQ219433, EU196745) with
high statistical support (98%) and sequence similarity between
94.7% and 95.8%. The fungus PSU-F18 was then identified as Nigros-
pora sp.

The culture broth of this fungus grown in potato dextrose broth
at room temperature for 4 weeks was extracted with EtOAc. The
crude extract obtained was subjected to chemical investigation,
leading to the isolation of compounds 1–9. Six of them were pyr-
one derivatives (1–6), including four solanapyrone derivatives
(1–3 and 5). Their antibacterial activity against SA and MRSA was
evaluated.

Nigrosporapyrone A (1) was obtained as a colorless gum with
the molecular formula C18H22O5 from HREIMS. The UV spectrum
displayed maximum absorption bands at kmax 228, 273 and
320 nmwhile the IR spectrum showed absorption bands for hydro-
xyl (3390 cm�1), conjugated ester carbonyl (1719 cm�1) and conju-
gated aldehyde carbonyl (1698 cm�1) groups. The 1H and 13C NMR
spectra (Table 1) displayed characteristic signals for a decalin skel-
eton with a C3–C4 double bond, a hydroxyl group at C-6 (d 73.6)
and a methyl group attached at C-2 (d 35.1). The 1H–1H COSY cor-
relations supported the presence of the decalin moiety. The
following HMBC correlations (Table 2), H3-16 (d 0.98, d,

0031-9422/$ - see front matter � 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.phytochem.2009.01.008

* Corresponding author. Tel.: +66 74 288 435; fax: +66 74 212 918.
E-mail address: vatcharin.r@psu.ac.th (V. Rukachaisirikul).

Phytochemistry 70 (2009) 554–557

Contents lists available at ScienceDirect

Phytochemistry

journal homepage: www.elsevier .com/locate /phytochem



J = 7.2 Hz)/C-1 (d 49.0), C-2 and C-3 (d 132.1); H-6 (d 3.50, td,
J = 10.2 and 4.5 Hz)/C-4 (d 128.5), supported the assigned location
of the double bond, hydroxyl and methyl groups. In addition, the
1H and 13C NMR spectra of 1 established the presence of a pyrone
ring with methoxyl and the formyl groups at C-13 (d 173.5) and C-
14 (d 102.0), respectively. The presence of this unit was confirmed
by the chemical shifts and following HMBC correlations: H-12 (d
6.14, s)/C-11 (d 175.5), C-13 and C-14; H-17 (d 10.15, s)/C-13, C-
14 and C-15 (d 162.2); H3-18 (d 4.08, s)/C-13. The linkage between
C-1 of the decalin unit and C-11 of the pyrone ring was established
according to the HMBC correlations of H-1 (d 2.33, m) of the deca-
lin unit with C-11 and C-12 (d 95.9) of the pyrone ring. Conse-
quently, nigrosporapyrone A had the structure 1 (Fig. 1) that
differed from 5 in the presence of a hydroxyl group attached at
C-6. The relative configuration was established by the following
NOEDIFF results (Fig. 2). Irradiation of H-2 (d 2.65, m) affected H-
10 (d 2.37, m) and H-12, indicating their location at the same side
of the molecule and pseudoaxial orientations for H-2 and H-10.
When H-5 was irradiated, the signal intensity of H-10 was en-
hanced, thus suggesting a cis ring fusion of the decalin moiety.
The large coupling constant (10.2 Hz) observed between H-5 and

H-6 established axial orientations for both protons. These data per-
mitted assignment of the relative configuration for 1 at all chiral
centers except for C-6 identical to that of 5.

Nigrosporapyrone B (2) with the molecular formula C19H25NO5

fromHREIMSwas obtained as a colorless gum. TheUVand IR spectra
were almost identical to those of 1. Its 1H NMR spectrum (Table 1)
was similar to that of 1 except for the replacement of the methoxyl
group in 1 with signals for an aminohydroxyethyl moiety [d 10.85
(br s, 18-NH), 3.89 (t, J = 5.4 Hz, H2-19) and 3.54 (q, J = 5.4 Hz, H2-
18)]. The attachment of this unit at C-13 (d 171.5) was confirmed
by a HMBC correlation of H2-18 with C-13 (Table 2). Consequently,
nigrosporapyroneB (2)was identified as an aminoalcohol derivative
of 1.

Nigrosporapyrone C (3) was obtained as a colorless gum with
the molecular formula identical to that of 2. Its UV, IR and 1H
NMR spectra were almost identical to those of 2. Furthermore,
compounds 2 and 3 consisted of the same number and types of car-
bons. The differences were found in the 1H–1H COSY spectrum. A
hydroxymethine proton (d 4.10, m, H-7) was correlated with H2-
6 [d 1.81 (dm, J = 14.0 Hz, Ha-6) and 1.36 (td, J = 14.0 and 2.5 Hz,
Hb-6)] and H2-8 (d 1.55, m), but not with H-5 as found in 2. These

Table 2
Selected HMBC correlations of 1–3.

Position 1 2 3

H-1 C-5, C-11, C-12, C-16 C-2, C-5, C-10, C-11, C-12, C-16 C-10, C-11, C-16
H-2 C-3, C-16 C-1
H-3 C-1, C-2, C-5, C-16 C-1, C-2, C-5, C-16 C-1, C-2, C-5, C-16
H-4 C-2, C-5, C-10 C-2, C-5, C-10 C-3
H-5 C-1, C-3, C-4, C-6, C-10 C-1, C-3, C-4, C-6, C-10 C-1
H-6 C-4, C-8 C-5
H-7 C-5, C-6, C-8, C-9 C-6, C-8, C-9
H-8 C-6, C-10 C-7, C-9
H-9 C-5, C-8, C-10 C-7, C-8 C-1
H-10 C-2, C-5, C-8 C-1, C-5 C-1
H-12 C-1, C-11, C-13, C-14, C-17 C-1, C-11, C-13, C-14, C-17 C-1, C-13, C-14
H-16 C-1, C-2, C-3 C-1, C-2, C-3 C-1, C-2, C-3
H-17 C-13, C-14, C-15 C-12, C-14, C-15 C-13, C-14, C-15
H-18 C-13 C-13, C-19 C-19
H-19 C-18 C-18

Table 1
1H and 13C NMR data of 1–3.

Position 1 2 3

dH, mult. (J in Hz) dC, mult. dH, mult. (J in Hz) dC, mult. dH, mult. (J in Hz) dC, mult.

1 2.33, m 49.0, CH 2.24, dd (12.0, 9.9) 48.5, CH 2.29, m 46.8, CH
2 2.65, m 35.1, CH 2.63, m 34.6, CH 2.59, m 34.7, CH
3 5.63, d (9.9) 132.1, CH 5.62, d (10.2) 132.5, CH 5.49, dt (10.0, 1.5) 131.0, CH
4 6.06, ddd (9.9, 5.1, 2.4) 128.5, CH 6.04, ddd (10.2, 4.8, 2.4) 128.3, CH 5.64, m 131.2, CH
5 2.06, m 44.1, CH 2.02, m 44.2, CH 2.59, m 30.4, CH
6 3.50, td (10.2, 4.5) 73.6, CH 3.46, m 73.8, CH a: 1.81, dm (14.0) 36.1, CH2

b: 1.36, td (14.0, 2.5)
7 a: 2.00, m 35.4, CH2 a: 1.96, m 35.4, CH2 4.10, m 65.6, CH

b: 1.28, m b: 1.30, m
8 1.40, m 27.9, CH2 1.46, m 27.9, CH2 1.55, m 27.7, CH2

9 a: 1.63, m 20.1, CH2 a: 1.46, m 20.1, CH2 a: 1.93, tm (13.0) 21.5, CH2

b: 1.40, m b: 1.32, m b: 1.28, m
10 2.37, m 36.8, CH 2.41, m 36.3, CH 2.29, m 35.3, CH
11 175.5, qC 175.0, qC 175.0, qC
12 6.14, s 95.9, CH 5.97, s 96.1, CH 5.98, s 95.6, CH
13 173.5, qC 171.5, qC 172.5, qC
14 102.0, qC 94.9, qC 94.9, qC
15 162.2, qC 160.5, qC 160.6, qC
16 0.98, d (7.2) 20.2, CH3 0.98, d (6.9) 20.2, CH3 0.97, d (7.0) 20.3, CH3

17 10.15, s 186.6, CH 9.98, s 191.3, CH 10.00, s 191.4, CH
18 4.08, s 57.8, CH3 3.54, q (5.4) 44.9, CH2 3.52, q (5.5) 44.8, CH2

18-NH 10.85, brs 10.87, brt (1.5)
19 3.89, t (5.4) 61.1, CH2 3.90, t (5.5) 61.2, CH2
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data established the attachment of the hydroxymethine proton at
C-7 (d 65.6), not at C-6. Irradiation of H-5 (d 2.59, m) affected signal
intensity of H-10 (d 2.29, m), but not H-7, in the NOEDIFF experi-
ment (Fig. 2), established a cis ring fusion of the decalin skeleton
and the presence of 7-OH at an axial orientation. The appearance
of H-5 at much lower field and that of C-5 at much higher field
than those observed in compounds 1 and 2 due to Van der Waals
repulsion (a 1,3-diaxial interaction) supported the assigned loca-
tion of 7-OH. Thus, nigrosporapyrone C (3) differed from 2 in the
location of the hydroxyl group in the decalin skeleton.

Nigrosporapyrone D (4) with the molecular formula C8H8O4

from HREIMS was obtained as a colorless gum. It UV spectrumwith
maximum absorption bands at kmax 229, 254 and 304 nm indicated
that 4 had a conjugated pyrone chromophore (Lee et al., 1995). The
IR spectrum showed absorption bands for a conjugated ester car-
bonyl (1706 cm�1) and a conjugated ketone carbonyl
(1698 cm�1) groups. Its 1H NMR spectrum was similar to that of
pestalopyrone (Lee et al., 1995) except that signals for a 1-
methyl-1-propenyl unit of pestalopyrone were replaced with a
methyl signal of an acetyl group (d 2.53, s, H3-8). The presence
of the acetyl substituent was supported by signals of ketone car-
bonyl and methyl carbons at d 192.0 and 26.1, respectively, in
the 13C NMR spectrum. The attachment of this unit at C-6 (d
154.5) was confirmed by a HMBC correlation of H3-8 with C-6.
Consequently, nigrosporapyrone D (4) was assigned as a new pyr-
one derivative.

All isolated compounds, except for compounds 2, 3 and 9 which
were not obtained in sufficient amount, were tested for antibacte-
rial activity against SA and MRSA. Among them, 1 exhibited the
best activity with a MIC value of 128 lg/mL, while the others were
inactive with MIC values of >128 lg/mL against both strains. This is
the second report on the antibacterial activity against SA of solan-
apyrone analogues as solanapyrones J and K isolated from an
unidentified fungus have recently been found to show this activity
(Schmidt et al., 2007).

3. Concluding remarks

Analogues of the solanapyrones have been previously isolated
from the fungus Alternaria solani (Ichihara et al., 1983 and Oikawa
et al., 1998), Ascochyta rabiei (Alam et al., 1989) and two unidenti-
fied fungi (Jenkins et al., 1998 and Schmidt et al., 2007). Thus, this
is the first report on the isolation of solanapyrone derivatives from
the fungus Nigrospora sp. Biosynthetic investigations previously
established that the carbon skeleton was constructed via a polyke-
tide pathway (Oikawa et al. 1989). In addition, the formation of the
decalin skeleton involved an intramolecular Diels-Alder reaction of
a polyketide-derived pyrone (Oikawa et al., 1994 and 1995). The
replacement of the methoxyl group with the 2-aminohydroxyethyl
group would then occur at the later stage (Oikawa et al., 1998).

4. Experimental

4.1. General

Optical rotations were measured on a JASCO P-1020 polarime-
ter. Infrared spectra (IR) were recorded on a Perkin–Elmer 783
FTS 165 FT-IR spectrometer. Ultraviolet (UV) absorption spectra
were measured in MeOH on a Shimadzu UV-160A spectrophotom-
eter. 1H and 13C NMR spectra were recorded in CDCl3 on a 300 MHz
Bruker FTNMR Ultra Shield spectrometer. Mass spectra were ob-
tained on a MAT 95 XL mass spectrometer (Thermofinnigan).
Thin-layer chromatography (TLC) and precoated TLC (PTLC) were
performed on silica gel GF256 (Merck). Column chromatography
(CC) was carried out on silica gel (Merck) type 100 (70–230 Mesh
ASTM) with a gradient system of EtOAc-light petroleum, on Sepha-
dex LH-20 with MeOH or on reversed phase silica gel C-18 with a
gradient system of MeOH-H2O.

4.2. Fungal material

The marine-derived fungus PSU-F18 was isolated from sea fan
(Annella sp.) collected near Similan Islands, Thailand, in 2006. This
fungus was deposited as Nigrospora sp. PSU-F18 (GenBank acces-
sion numbers EU852533 and EU714386) at the Department of
Microbiology, Faculty of Science, Prince of Songkla University and
the National Center for Genetic Engineering and Biotechnology
(BIOTEC) Culture Collection, Thailand (BCC number 28630).

4.3. Fermentation and isolation

The marine-derived fungus Nigrospora sp. PSU-F18 was grown
on potato dextrose agar at 25 �C for 5 days. Three pieces
(0.5 � 0.5 cm2) of mycelial agar plugs were inoculated into
500 mL Erlenmeyer flasks containing 300 mL of potato dextrose
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broth at room temperature for 4 weeks. The culture (15 L) was fil-
tered to give the filtrate and mycelia. The filtrate (5 � 3 L) was ex-
tracted three times with EtOAc (3 � 1 L) to afford a broth extract
(4.4 g) as a brown gum after evaporation to dryness under reduced
pressure. The crude extract was fractionated by CC over Sephadex
LH-20 to give three fractions (A–C). Fraction B (4.0 g) was purified
by silica gel CC to give eight fractions (B1–B8). Fraction B2
(13.0 mg) contained 4 (2.5 mg). Fraction B4 (420.9 mg) was sepa-
rated by CC over silica gel to afford four fractions. The second
and third fractions contained 5 (10.7 mg) and 7 (240.9 mg), respec-
tively. Fraction B5 (32.0 mg) was further separated by CC over
Sephadex LH-20 to give 1 (8.0 mg) and 6 (8.3 mg). Fraction B6
(53.4 mg) was subjected to CC over reversed phase silica gel to
yield three fractions. The second fraction (35.2 mg) upon purifica-
tion on CC over reversed phase silica gel gave 2 (1.8 mg), 8 (2.8 mg)
and 9 (1.3 mg). Fraction B7 (43.0 mg) was purified by CC over re-
verse phase silica gel to give 3 (1.8 mg).

4.4. Nigrosporapyrone A (1)

Colorless gum; [a]D29 �254 (c 0.10, CHCl3); UV kmax
MeOH nm

(loge): 228 (3.75), 273 (3.84), 320 (2.65); FT-IR mmax
neat cm�1:

3390, 1719, 1698; For 1H NMR and 13C NMR (CDCl3) spectra, see
Table 1; EIMS m/z (% relative intensity): 318 (9), 290 (100), 153
(97), 71 (62); HREIMS m/z 318.1463 [M]+ (calcd for C18H22O5

318.1467).

4.5. Nigrosporapyrone B (2)

Colorless gum; [a]D29 �232 (c 0.10, CHCl3); UV kmax
MeOH nm

(loge): 237 (4.43), 280 (4.10), 316 (4.02); FT-IR mmax
neat cm�1:

3390, 1719, 1692; For 1H NMR and 13C NMR (CDCl3) spectra, see
Table 1; EIMS m/z (% relative intensity): 347 (59), 257 (37), 110
(100), 105 (11); HREIMS m/z 347.1731 [M]+ (calcd for C19H25NO5,
347.1733).

4.6. Nigrosporapyrone C (3)

Colorless gum; [a]D29 �202 (c 0.10, CHCl3); UV kmax
MeOH nm

(loge): 235 (3.85), 281 (3.41), 314 (3.42); FT-IR mmax
neat cm�1:

3395, 1706, 1689; For 1H NMR and 13C NMR (CDCl3) spectra, see
Table 1; EIMS m/z (% relative intensity): 347 (24), 257 (35), 110
(100), 105 (31); HREIMS m/z 347.1735 [M]+ (calcd for C19H25NO5,
347.1733).

4.7. Nigrosporapyrone D (4)

Colorless gum; UV kmax
MeOH nm (loge): 229 (3.19), 254 (2.32),

304 (2.63); FT-IR mmax
neat cm�1: 1706, 1698; 1H NMR (CDCl3,

300 MHz); d 6.67 (1H, d, J = 2.4 Hz, H-5), 5.72 (1H, d, J = 2.4 Hz,
H-3), 3.87 (3H, s, H-9), 2.53 (3H, s, H-8), 13C NMR (CDCl3,
75 MHz); d 192.0 (C, C-7), 169.8 (C, C-4), 161.5 (C, C-2), 154.5 (C,
C-6), 103.9 (CH, C-5), 93.2 (CH, C-2), 56.0 (CH3, C-9), 26.1 (CH3,
C-8); EIMS m/z (% relative intensity): 168 (77), 125 (100), 69
(90); HREIMS m/z 168.0421 [M]+ (calcd for C8H8O4, 168.0423).

4.8. Antibacterial activity testing

MICs were determined by the agar microdilution method (Lori-
an, 1996). The test substances were dissolved in DMSO (Merck,

Germany). Serial 2-fold dilutions of the test substances were mixed
with melted Mueller-Hinton agar (Difco) in the ratio of 1:100 in
microtiter plates with flat-bottomed wells (Nunc, Germany). Final
concentration of the test substances in agar ranged from 0.03 to
128 lg/mL. SA and MRSA were used as test strain. Inoculum sus-
pensions (10 lL) were spotted on agar-filled wells. The inoculated
plates were incubated at 35 �C for 18 h. MICs were recorded by
reading the lowest substance concentration that inhibited visible
growth. Vancomycin, a positive control drug, exhibited a MIC value
of 1 lg/mL. Growth controls were performed on the agar contain-
ing DMSO.
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a b s t r a c t

Nine new fungal metabolites, penicisochromans AeE, penicipyrone, penicipyranone, peniciphenol, and
penicisoquinoline, were isolated from the sea fan-derived fungus Penicillium sp. PSU-F40 together with
five known compounds. Their structures were determined by spectroscopic analysis. Their antibacterial
activity against the standard Staphylococcus aureus ATCC 25923 and methicillin-resistant S. aureus was
evaluated.

� 2010 Elsevier Ltd. All rights reserved.

1. Introduction

The fungi in the genus Penicillium have produced various bio-
active compounds, such as cytotoxic leptosphaerone,1 antioxidant
terrestrols,2 antifungal citrinin,3 antibacterial rugulotrosins,4 and
insecticidal decaturin.5 In our ongoing search for antibacterial
metabolites against Staphylococcus aureus ATCC 25923 (SA) and
a clinical isolate of methicillin-resistant S. aureus (MRSA) from the
marine-derived fungi, the fungus Penicillium PSU-F40 was isolated
from a gorgonian sea fan of the genus Annella. Investigation of its
culture broth led to the isolation of three new furo[3,2-h]isochro-
mans, penicisochromans AeC (1e3), two isochromans, pen-
icisochromans D and E (4 and 5), one new pyrone, penicipyrone (6),
one new pyranone, penicipyranone (7), one new phenol, pen-
iciphenol (8), and one new furo[3,2-h]isoquinoline, pen-
icisoquinoline (9), along with two known furo[3,2-h]isoquinolines,
TMC-120B (10)6 and TMC-120C (11),6 and one known ketophenol,
1-(2,4-dihydroxy-6-methylphenyl)-3-methyl-1-butanone (12).7

Furthermore, two known metabolites, 2-(2-methoxybenzoly)pyr-
role (13)8 and nicotinic acid (14),9 were isolated from the mycelia
extract. Their antibacterial activity against SA and MRSA were
examined.

2. Results and discussion

All compounds (1e14) (Fig. 1) were purified using chromato-
graphic techniques and their structures were elucidated by spec-
troscopic data (IR, UV, NMR, and MS). For known compounds, the
structures were confirmed by comparison of the 1H and 13C NMR
data with those previously reported. The relative configurationwas
assigned on the basis of NOEDIFF data. No attempts were made to
identify the absolute configuration of the new metabolites due to
the minute amounts.

Penicisochroman A (1) was obtained as a colorless gum. The
molecular formula C16H18O4 was assigned by HREIMS of
Mþ�CH3OH and the presence of 16 carbon resonances for 16 car-
bons in the 13C NMR spectrum. The UV spectrum displayed ab-
sorption bands for an aromatic chromophore at lmax 213, 253, 269,
and 324 nm. The IR spectrum showed absorption bands for con-
jugated ketone carbonyl and double bond functional groups at 1695
and 1647 cm�1, respectively. The 1H NMR spectrum (Table 1) con-
sisted of signals for two ortho-coupled aromatic protons [d 7.46 (1H,
d, J¼7.8 Hz) and 6.77 (1H, d, J¼7.8 Hz)], two sets of nonequivalent
methylene protons [d 4.86/4.66 (each 1H, d, J¼16.2 Hz) and 2.94/
2.85 (each 1H, d, J¼16.2 Hz,)], one methoxyl group (d 3.27, 3H, s)
and three methyl groups [d 2.29 (3H, s), 2.02 (3H, s), and 1.46 (3H,
s)]. The 13C NMR and DEPT 135 spectra (Table 1) showed one
conjugated ketone carbonyl (d 183.4), six aromatic quaternary (d
160.4, 145.3, 140.7, 131.5, 121.2, and 118.3), two aromatic methine (d

* Corresponding author. Tel.: þ66 74 288 435; fax: þ66 74 212 918; e-mail
address: vatcharin.r@psu.ac.th (V. Rukachaisirikul).
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123.0 and 121.9), one dioxygenated quaternary (d 97.4), two
methylene (d 57.8 and 39.3), one methoxy (d 49.0), and three
methyl (d 23.0, 20.2, and 17.4) carbons. The HMBC correlations of
the methyl protons, H3-13 (d 2.29) and H3-14 (d 2.02), with C-2 (d
145.3), C-3 (d 183.4), and C-12 (d 131.5) as well as the chemical shifts
of these carbons established a 2-oxy-3-methyl-2-butenoyl moiety.
One of the ortho-coupled aromatic protons resonating at d 7.46 was
assigned as H-4 on the basis of its 3J HMBC correlation with C-3 of
the butenoyl unit. This conclusion was supported by its downfield
appearance due to an anisotropic effect of the adjacent ketone
carbonyl group. The other ortho-coupled proton (d 6.77) was then

attributed to H-5. The nonequivalent methylene protons, Hab-6 (d
2.94 and 2.85), gave HMBC cross peaks with C-5 (d 123.0), C-5a (d
140.7), C-7 (d 97.4), and C-9a (d 118.3) while the methoxy (d 3.27)
and the methyl (d 1.46) protons showed cross peaks with the
dioxygenated carbon, C-7. These results attached a 2-methoxy-2-
oxypropyl unit at C-5a of the aromatic ring. In addition, the oxy-
methylene protons, Hab-9 (d 4.86 and 4.66), displayed the same
correlations with C-5a, C-9a, and C-9b (d 160.4), thus linking the
oxymethylene unit at C-9a. An isochroman unit having the
methoxyl and methyl groups at C-7 was established on the basis of
the 3J HMBC correlations of Hab-9 with C-7. An ether linkage
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Figure 1. Metabolites isolated from the sea fan-derived fungus Penicillium PSU-F40.

Table 1
1H and 13C NMR data of penicisochromans A (1), B (2), and C (3)

Position 1 2 3

dH, mult, J in Hz dC, mult. dH, mult, J in Hz dC, mult. dH, mult, J in Hz dC, mult.

2 145.3, qC 4.35, d, 4.0 90.2, CH 4.46, d, 3.5 91.0, CH
3 183.4, qC 202.0, qC 202.0, qC
3a 121.2, qC 120.1, qC 121.5, qC
4 7.46, d, 7.8 121.9, CH 7.43, d, 8.0 123.4, CH 7.46, d, 8.5 124.5, CH
5 6.77, d, 7.8 123.0, CH 6.72, d, 8.0 122.0, CH 6.76, d, 8.5 122.5, CH
5a 140.7, qC 145.4, qC 146.0, qC
6 a: 2.94, d, 16.2

b: 2.85, d, 16.2
39.3, CH2 a: 2.68, dd, 17.0, 3.5

b: 2.62, dd, 17.0, 11.0
35.9, CH2 a: 2.72, dd, 16.5, 2.5

b: 2.62, dd, 16.5, 10.0
36.9, CH2

7 97.4, qC 4.25, m 62.6, CH 4.40, m 63.5, CH
9 a: 4.86, d, 16.2

b: 4.66, d, 16.2
57.8, CH2 5.61, s 94.7, CH 6.18, s 88.8, CH

9a 118.3, qC 120.0, qC 121.0, qC
9b 160.4, qC 171.0, qC 172.5, qC
10 1.46, s 23.0, CH3 1.32, d, 6,5 21.1, CH3 1.33, d, 6.0 21.9, CH3

11 3.27, s 49.0, CH3 3.45, s 55.8, CH3 2.29, m 32.0, CH
12 131.5, qC 2.28, m 31.1, CH 1.08, d, 6.5 19.5, CH3

13 2.29, s 17.4, CH3 0.80, d, 7.0 15.8, CH3 0.81, d, 6.5 16.7, CH3

14 2.02, s 20.2, CH3 1.11, d, 7.0 19.0, CH3
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between C-2 and C-9b was formed to construct a 3-oxobenzofuran
unit according to the chemical shifts of C-2 and C-9b as well as the
mass data. Therefore, the structure of penicisochroman A was
established as depicted in 1.

Penicisochroman B (2) was obtained as a colorless gum. The
molecular formula C16H20O4 from HREIMS suggested that 2 was
a dihydro analogue of 1. This conclusion was supported by the re-
placement of signals for two olefinic carbons, C-2 (d 145.3) and C-12
(d 131.5), in 1, with those for two methine carbons (d 90.2 and 31.1)
in 2 (Table 1). The presence of the saturated ketone carbonyl
functionality was further confirmed by the appearance of the ke-
tone carbonyl carbon in 2 at d 202.0, which resonated at much
lower field than that observed in 1. Furthermore, the dioxyqua-
ternary carbon, C-7, and the oxymethylene carbon, C-9, in 1 were
replaced by one oxymethine carbon (d 62.6) and one dioxymethine
carbon (d 94.7) in 2. These datawere in agreementwith the 1H NMR
data of which signals for the nonequivalent oxymethylene protons
(Hab-9) in 1were replaced by those for one dioxymethine proton (d
5.61, 1H, s, H-9) and one oxymethine proton (d 4.25, 1H, m, H-7). In
the 1He1H COSY spectrum, H-7 showed cross peaks with Hab-6 and
the methyl protons, H3-10 (d 1.32, d, J¼6.5 Hz), indicating the
presence of a [eCH2CH(Oe)CH3] unit. The methoxy protons, H3-11
(d 3.45), gave a 3J HMBC cross peak with C-9 (d 94.7) while H-9 (d
5.61) displayed the same correlation with C-7 (d 62.6). Conse-
quently, an isochroman moiety having the methyl and the
methoxyl groups at C-7 and C-9, respectively, was established. As
Hb-6 was coupled with H-7 with a large coupling constant of
11.0 Hz, both of them were located at pseudoaxial position. Irradi-
ation of H3-11 (9-OMe) in the NOEDIFF experiment enhanced signal
intensity of H-7, indicating trans relationship between pseudoe-
quatorial H3-10 (7-Me) and pseudoaxial 9-OMe. However, the
NOEDIFF data were inadequate to identify the relative configura-
tion at C-2. Therefore, penicisochroman B had the structure 2.

Penicisochroman C (3) with the molecular formula C15H18O4

fromHREIMS was obtained as a colorless gum. Its UV spectrumwas
similar to that of 2 while the IR spectrum displayed an additional
absorption band for a hydroxyl group at 3409 cm�1. The 1H NMR
spectrum of 3 (Table 1) was similar to that of 2 except for the ab-
sence of the methoxyl signal. These data together with mass in-
formation revealed the replacement of the methoxyl group in 2
with a hydroxyl group in 3. The DEPT spectrum showed one
dioxygenated carbon (d 88.8) and threemethyl carbons (d 21.9,19.5,
and 16.7), supporting the above conclusion. The location of 7-Me
was at pseudoequatorial, identical to that in 2, on the basis of
a large coupling constant of 10.0 Hz between Hb-6 and H-7. Fur-
thermore, compounds 2 and 3 gave almost identical optical rota-
tion, indicating they would have the same absolute configuration.
These data revealed that 9-OMe in 2 was replaced by a hydroxyl
group in 3. Therefore, penicisochroman C (3) was assigned as a 9-
hydroxy derivative of 2.

Penicisochroman D (4), a colorless gum, has the molecular for-
mula C10H12O2 established by HREIMS. The UV spectrum exhibited
absorption bands at lmax 251, 277, and 284 nm for a benzene
chromophore. The IR spectrum showed an absorption band at
3351 cm�1 for a hydroxyl group. The 1H NMR (Table 2) and 1He1H
COSY spectra displayed signals for three aromatic protons of a 1,2,3-
trisubstitued benzene [d 7.11 (1H, t, J¼7.8 Hz), 6.74 (1H, d, J¼7.8 Hz),
and 6.71 (1H, d, J¼7.8 Hz)], the 1-substituted 2-oxypropyl unit [d
3.92 (1H, d br q, J¼10.0 and 6.0 Hz), 2.75 (1H, dd, J¼12.5 and 2.4 Hz),
2.74 (1H, dd, J¼12.5 and 10.0 Hz), and 1.24 (3H, d, J¼6.0 Hz)] and
one set of nonequivalent oxymethylene protons [d 4.85 and 4.79
(each 1H, d, J¼13.2 Hz)]. The aromatic protons resonating at d 6.74,
7.11, and 6.71were attributed to H-2, H-3, and H-4, respectively. The
nonequivalent methylene protons, Hab-5 (d 2.75 and 2.74), of the
oxypropyl unit showed the HMBC correlations with C-4 (d 122.5),
C-4a (d 137.7), and C-8a (d 124.9), linking above unit at C-4a of the

aromatic ring. Irradiation of Hab-5 enhanced signal intensity of H-4,
supporting the assignment. The remaining oxymethylene group
was attached at C-8a as Hab-8 (d 4.85 and 4.79) were correlated
with C-1 (d 156.2), C-4a, and C-8a in the HMBC spectrum. These
results together with the HMBC correlations of Hab-8 with C-6 (d
69.1) established an isochroman skeleton. The substituent at C-1
was a hydroxyl group due to the chemical shift of C-1. Therefore,
penicisochroman Dwas determined as 4. It is worth to note that the
oxymethine proton, H-6 (d 3.92, d br q, J¼10.0 and 6.0 Hz), was
located at psuedoaxial position due to a coupling constant of
10.0 Hz between Hb-5 and H-6.

Penicisochroman E (5) was isolated as a colorless gum whose
molecular formula was determined by HREIMS as C10H12O3, with
16 mass unit higher than 4. Its UV and IR spectra were almost
identical to those of 4. Its 1H NMR spectrum (Table 2) was similar
to that of 4 except for the replacement of signals for Hab-5 in 4
with signal of a hydroxymethine proton (d 4.95, 1H, d, J¼2.0 Hz) in
5. This was consistent with the molecular formula and the pres-
ence of two oxymethine carbons (d 88.5 and 70.0) in the 13C NMR
and DEPT spectra. These data implied that 5 was a 5-hydroxy
derivative of 4. A small coupling constant between H-5 and H-6 in
5 indicated the replacement of Hb-5 in 4 with a hydroxyl group in
5. Therefore, penicisochroman E (5) was determined as a 5-hy-
droxy derivative of 4.

The molecular formula of penicipyrone (6) was established by
analysis of its HREIMS as C13H13NO5. The UV spectrum displayed
characteristic absorption bands for a pyrone chromophore10 at lmax

224, 247, and 361 nm. The IR spectrum showed absorption bands at
3399 and 1683 cm�1 for hydroxyl and conjugated carbonyl groups,
respectively. The 1H NMR spectrum showed two olefinic protons of
trisubstituted double bonds [d 6.02 and 5.94 (each 1H, s)], one set of
nonequivalent methylene protons [d 3.64 and 3.54 (each 1H, d,
J¼9.6 Hz)], and two methyl groups [d 2.30 (3H, s) and 2.22 (3H, s)].
The 13C NMR and DEPT spectra exhibited one pyridinone carbonyl
(d 169.9),11 one pyrone carbonyl (d 166.5),10 six quaternary (d 169.1,
166.9, 160.7, 143.1, 108.2, and 102.4), two methine (d 103.1 and
102.8), one methylene (d 18.3), and two methyl (d 19.7 and 19.0)
carbons. The olefinic proton at d 5.94 was attributed to H-5 of the
pyrone moiety on the basis of its chemical shift as well as its HMBC
cross peaks with C-3 (d 102.4), C-4 (d 169.1), and C-6 (d 160.7). The
methyl protons, H3-7 (d 2.22), gave the same correlations with C-5
(d 102.8) and C-6. In addition, the methylene protons, Hab-8 (d 3.64
and 3.54), gave the HMBC cross peaks with C-2 (d 166.5) and C-3.
These results together with the chemical shift of C-4 indicated the
attachment of the methylene group, a hydroxyl group and the
methyl group at C-3, C-4, and C-6 of the pyrone ring, respectively.
The chemical shifts of the remaining carbons indicated the pres-
ence of a pyridinone unit.11 The olefinic proton at d 6.02 was
assigned as H-50 due to its HMBC correlations with C-30 (d 108.2),

Table 2
1H and 13C NMR data of penicisochromans D (4) and E (5)

Position 4 5

dH, mult, J in Hz dC, mult. dH, mult, J in Hz dC, mult.

1 156.2, qC 150.4, qC
2 6.74, d, 7.8 115.0, CH 6.60, d, 8.0 114.6, CH
3 7.11, t, 7.8 129.0, CH 7.07, t, 8.0 129.3, CH
4 6.71, d, 7.8 122.5, CH 6.73, d, 8.0 114.0, CH
4a 137.7, qC 140.9, qC
5 a: 2.75, dd, 12.5, 2.4

b: 2.74, dd, 12.5, 10.0
41.8, CH2 4.95, d, 2.0 88.5, CH

6 3.92, d br q, 10.0, 6.0 69.1, CH 3.85, qd, 6.5, 2.0 70.0, CH
8 a: 4.85, d, 13.2

b: 4.79, d, 13.2
58.5, CH2 a: 5.06, d, 12.0

b: 5.01, d, 12.0
71.1, CH2

8a 124.9, qC 126.1, qC
9 1.24, d, 6.0 23.4, CH3 1.26, d, 6.5 18.6, CH3
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C-40 (d 166.9), and C-60 (d 143.1). The methyl protons, H3-70 (d 2.30),
gave the HMBC correlations with C-50 and C-60. These data revealed
that the pyridinone unit carried hydroxyl andmethyl groups at C-40

and C-60, respectively. The HMBC correlations from Hab-8 of the
pyrone moiety to C-20 and C-30 of the pyridinone established
the methylene linkage between C-3 of the pyrone and C-30 of the
pyridinone. Consequently, penicipyrone was assigned as 6. The
appearance of the methylene protons (Hab-8) as nonequivalent
protons in the 1H NMR spectrum might be due to the formation of
H-bond between either the amino nitrogen or carbonyl oxygen of
the pyridinone moiety and the hydroxy hydrogen of the pyrone
unit, which would prevent bond rotation.

Penicipyranone (7) with the molecular formula C10H16O4 from
HREIMS was obtained as a colorless gum. The UV spectrum showed
an absorption band at lmax 269 nm. The IR spectrum displayed
absorption bands at 3409 and 1687 cm�1 for hydroxyl and conju-
gated carbonyl functional groups, respectively. The 1H NMR and
1He1H COSY spectra revealed the presence of signals for one ethyl
group [d 2.45 (1H, dq, J¼15.3 and 7.5 Hz), 2.40 (1H, dq, J¼15.3 and
7.5 Hz) and 1.18 (3H, t, J¼7.5 Hz)], one 1-oxyethyl group [(d 4.52, 1H,
q, J¼6.6 Hz) and 1.31 (3H, d, J¼6.6 Hz)], one hydroxymethyl group
[d 4.38 and 4.32 (each 1H, d, J¼12.6 Hz)], and one methyl group (d
1.40, 3H, s). The 13C NMR and DEPT spectra displayed ten carbon
resonances for one ketone carbonyl (d 196.2), three quaternary (d
175.6, 110.1, and 71.3), one methine (d 82.0), two methylene (d 56.3
and 25.6), and three methyl (d 24.1, 12.3 and 11.4) carbons. The
oxymethine proton of the 1-oxyethyl unit, H-5 (d 4.52), gave the
HMBC correlations with C-1 (d 196.2), C-3 (d 175.6), and C-6 (d 71.3)
while H3-7 (d 1.40) gave the same correlations with C-1, C-5 (d
82.0), and C-6. In addition, the hydroxymethyl protons, Hab-9 (d
4.38 and 4.32), gave the HMBC cross peaks with C-1, C-2 (d 110.1),
and C-3. These results together with the chemical shifts of C-3, C-5,
and C-6 established a dihydropyran-4-one unit with two methyl
groups at C-5 and C-6, a hydroxyl group at C-6 and the hydroxy-
methyl substituent at C-2. Consequently, the remaining ethyl group
was located at C-3. The HMBC correlations of the methylene pro-
tons, Hab-10 (d 2.45 and 2.40), of the ethyl group with C-2 and C-3
confirmed this assignment. The relative configuration between H-5
and H3-7 was not assigned as either cis or trans relationship gave
signal enhancement of H-5 upon irradiation of H3-7. Therefore,
penicipyranone (7) was determined as a new dihydropyran-4-one
derivative.

Peniciphenol (8) with the molecular formula C10H12O3 from
HREIMS was obtained as a colorless gum. The UV spectrum dis-
played absorption bands at lmax 250 and 289 nm for a benzene
chromophore. The IR spectrum showed absorption bands at 3328
and 1638 cm�1 for hydroxyl and double bond functional groups,
respectively. The 1H NMR and 1He1H COSY spectra showed char-
acteristic signals for three aromatic protons of a 1,2,3-trisubstituted
aromatic protons [d 7.14 (1H, t, J¼7.8 Hz), 6.81, and 6.59 (each 1H, d,
J¼7.8 Hz)], a (Z)-3-hydroxyl-1-propenyl unit [d 6.64 (1H, d,
J¼11.4 Hz), 5.97 (1H, dt, J¼11.4 and 6.9 Hz) and 4.07 (2H, dd, J¼6.9
and 0.6 Hz)], and one hydroxymethyl group (d 4.78, 2H, s). The
aromatic protons resonating at d 6.59, 7.14, and 6.81 were assigned
as H-4, H-5, and H-6, respectively. The (Z)-3-hydroxyl-1-propenyl
unit was located at C-3 (d 136.3) based on the HMBC correlations of
the olefinic proton, H-8 (d 6.64), with C-3, and C-4 (d 120.9). The
hydroxymethyl protons, H2-7 (d 4.78), showed HMBC cross peaks
with C-1 (d 156.3), C-2 (d 123.6), and C-3, thus connecting the
hydroxymethyl group at C-2. The substituent at C-1 of the benzene
ring was a hydroxyl group on the basis of its chemical shift. Signal
enhancement of H2-7 and H-4 upon irradiation of H-8 in the
NOEDIFF spectrum supported the assigned location of these sub-
stituents. Therefore, peniciphenol had the structure 8.

Penicisoquinoline (9) with the molecular formula C15H15NO4

from HREIMS was obtained as a yellow gum. Its UV and IR spectra

were almost identical to those of 11. The 1H NMR spectrum was
similar to that of 11 except for the replacement of the downfield
methyl signal in 11 with the signal of a hydroxymethyl group (d
4.89, 2H, s). The presence of two methyl (d 16.0 and 15.5) and one
oxymethylene (d 64.5) carbons in the 13C NMR and DEPT spectra
supported the 1H NMR data. The HMBC correlations of the
hydroxymethyl protons, H2-10 (d 4.89), with C-6 (d 117.4), and C-7
(d 159.3) together with signal enhancement of H2-10 upon irradi-
ation of H-6 (d 7.79, 1H, s) established the linkage of the hydroxy-
methyl group at C-7. Consequently, penicisoquinoline (9) was
identified as a 10-hydroxy derivative of 11.

The isolated metabolites 1, 4, 6e12, and 14 were tested for an-
tibacterial activities against SA and MRSA. None of them were ac-
tive at the concentration of 200 mg/mL. The remaining compounds
were not evaluated for the antibacterial activity due to sample
limitation.

The furo[3,2-h]isoquinolines (10,11) have been isolated from the
fungus Aspergillus ustus TC 11186 while this is the first report on the
isolation of the corresponding isochromans (1e3). We proposed
that all of the isolated isochromans (1e5) and furo[3,2-h]iso-
quinolines (9e11) would have a similar biosynthetic pathway.
Penicisochromans AeE (1e5) would be derived from the same
biosynthetic precursor, peniciphenol (8). Acid-catalysed intra-
molecular cyclization of the (Z)-3-hydroxyl-1-propenyl side chain
of 8 would generate an isochroman ring as shown in Scheme 1.
Dehydration and subsequent hydrogenation would produce 4 via
an isochroman intermediate (4a). Penicisochromans B (2) and C (3)
would be transformed from 4 via a 3-oxo-2-isopropylbenzofuran
(4b) by acylation with a 3-methyl-2-butenoyl unit and subsequent
cyclization. Oxidation of the isochroman unit of 4b would yield
compound 3, which would be further methylated to the corre-
sponding methyl ether 2. Compound 1 would be obtained from 4a
by hydration and methylation to yield a ketal intermediate (4c),
which would further undergo acylation, cyclization, and oxidation.
Finally, penicisochroman E (5) would be derived from 8 via a dif-
ferent biosynthetic route, which would involve epoxidation, cycli-
zation followed by dehydration and subsequent hydrogenation. In
addition, the furo[3,2-h]isoquinolines (9e11) would be bio-
synthesized via the similar pathway as that for the furo[3,2-h]iso-
chromans (1e3) using a 7-amino derivative of 8 as a biosynthetic
precursor.

3. Experimental

3.1. General experimental procedures

Infrared spectra (IR) were recorded on a PerkineElmer 783 FTS
165 FT-IR spectrometer. Ultraviolet (UV) absorption spectra were
measured in MeOH on a Shimadzu UV-160A spectrophotometer.
Optical rotations weremeasured on a JASCO P-1020 polarimeter. 1H
and 13C NMR spectra were recorded on 300 and 500 MHz Bruker
FTNMR Ultra Shield spectrometer. Chemical shifts are expressed in
d (ppm) referring to the TMS peak. Mass spectra were measured on
a MAT 95 XL mass spectrometer (Thermofinnigan). Thin-layer
Chromatography (TLC) and precoated TLC (PTLC) were performed
on silica gel GF256 (Merck). Column chromatography (CC) was
carried out on silica gel (Merck) type 100 (70e230 Mesh ASTM)
with a gradient system of MeOHeCH2Cl2, on Sephadex LH-20 with
MeOH or on reverse phase silica gel C-18 with a gradient system of
MeOHeH2O, or otherwise stated.

3.2. Fungal material

The marine-derived fungus Penicillium sp. PSU-F40 was isolated
from the sea fan, collected near the Similan Islands, Phangnga
Province, Thailand, in 2006. The sea fanwas identified as Annella sp.
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by C. Benzies and S. Plathong from the Coral Reef and Benthos
Research Unit, Center for Biodiversity of Peninsular Thailand
(CBIPT), Department of Biology, Prince of Songkla University,
Thailand. The sample (voucher no. sea fan-Similan 1.4) was de-
posited at CBIPT while the fungus was deposited as PSU-F40 at the
Department of Microbiology, Faculty of Science, Prince of Songkla
University.

3.3. Fermentation, extraction, and isolation

The crude EtOAc extracts from the culture broth and mycelia
were prepared using the same procedure as described earlier.10 The
crude extract from the broth (1.3 g, a dark brown gum) was frac-
tionated by CC over Sephadex-LH 20 to give five fractions (AeE).
Fraction B (325 mg) was purified by silica gel CC to afford three
fractions (B1eB3). Fraction B3 (59.2 mg) was then separated by CC

over reverse phase silica gel to afford four fractions. The second
fraction (7.5 mg) contained 7 (2.3 mg) after separation by PTLCwith
20% EtOAcelight petroleum. Compound 12 (2.4 mg) was obtained
from the third fraction (5.8 mg) after purification by PTLC with 1%
MeOHeCH2Cl2. Fraction C (396 mg) was separated by CC over silica
gel to yield four fractions (C1eC4). Fraction C2 (8.2 mg) was further
purified by PTLC using 50% CH2Cl2elight petroleum as a mobile
phase to furnish 2 (1.6 mg) and 3 (1.0 mg). Fraction C4 (22.8 mg)
was then separated by CC over reverse phase silica gel to afford 4
(3.5 mg). Fraction D (314 mg) was separated by silica gel CC to af-
ford five fractions (D1eD5). Fraction D2 (106 mg) was then purified
by CC over silica gel to give 1 (3.1 mg), 10 (9.7 mg), and 11 (3.4 mg).
Compound 5 (2.0 mg) was obtained from the fraction D3 (33.5 mg)
after purification by silica gel CC with a gradient of EtOAcelight
petroleum followed by PTLC with 20% EtOAcelight petroleum.
Fraction D4 (40.5 mg), upon CC over silica gel, afforded 8 (7.7 mg)

Scheme 1. Possible biosynthetic pathway of compounds 1e5 from compound 8.
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and 9 (3.5 mg). Fraction E (43.5 mg) was separated by silica gel CC
to give three fractions. Compound 6 (3.4 mg) was obtained from the
third fraction. The mycelial extract (540.0 mg, a brown gum) was
separated by CC over Sepadex LH-20 to afford three fractions. The
second fraction (92.6 mg) was further purified by silica gel CC fol-
lowed by CC over reverse phase silica gel to furnish 13 (1.3 mg) and
14 (3.2 mg).

3.3.1. Penicisochroman A (1). Colorless gum; [a]D
25 þ12 (c 0.16,

CHCl3); UV (MeOH) lmax (log 3) 213 (3.68), 253 (3.28), 269 (3.15),
324 (2.92) nm; IR (neat) nmax 1695, 1647 cm�1; HREIMS m/z
[M�CH3OH]

þ 242.0941 (calcd for C15H14O3, 242.0943);
1H NMR

(CDCl3, 300 MHz), see Table 1; 13C NMR (CDCl3, 75 MHz), see
Table 1.

3.3.2. Penicisochroman B (2). Colorless gum; [a]D
25 �57 (c 0.08,

CHCl3); UV (MeOH) lmax (log 3) 240 (3.01), 256 (2.97), 307 (2.70)
nm; IR (neat) nmax 1700, 1650 cm�1; HREIMS m/z [M]þ 276.1374
(calcd for C16H20O4, 276.1362);

1H NMR (CDCl3, 500 MHz), see Table
1; 13C NMR (CDCl3, 125 MHz), see Table 1.

3.3.3. Penicisochroman C (3). Colorless gum; [a]D
25 �55 (c 0.08,

CHCl3); UV (MeOH) lmax (log 3) 241 (3.04), 256 (2.99), 307 (2.73)
nm; IR (neat) nmax 3409, 1683, 1647 cm�1; HREIMS m/z [M]þ

262.1196 (calcd for C15H18O4, 262.1205);
1H NMR (CDCl3, 500 MHz),

see Table 1; 13C NMR (CDCl3, 125 MHz), see Table 1.

3.3.4. Penicisochroman D (4). Colorless gum; [a]D
25 �26 (c 0.21,

CHCl3); UV (MeOH) lmax (log 3) 251 (3.04), 277 (3.01), 284 (2.97)
nm; IR (neat) nmax 3351, 1657 cm�1; HREIMS m/z [M]þ 164.0836
(calcd for C10H12O2,164.0837);

1H NMR (CDCl3, 500 MHz), see Table
2; 13C NMR (CDCl3, 125 MHz), see Table 2.

3.3.5. Penicisochroman E (5). Colorless gum; [a]D
25 �12 (c 0.13,

CHCl3); UV (MeOH) lmax (log 3) 215 (3.35), 268 (2.63), 275 (2.61)
nm; IR (neat) nmax 3402, 1653 cm�1; HREIMS m/z [M]þ 180.0793
(calcd for C10H12O3,180.0786);

1H NMR (CDCl3, 500 MHz), see Table
2; 13C NMR (CDCl3, 125 MHz), see Table 2.

3.3.6. Penicipyrone (6). Colorless gum; UV (MeOH) lmax (log 3) 224
(3.64), 247 (3.43), 361 (3.31) nm; IR (neat) nmax 3399, 1683 cm�1;
HREIMS m/z [M]þ 263.0795 (calcd for C13H13NO5, 263.0794);

1H
NMR (CDCl3þCD3OD, 300 MHz) dH 6.02 (1H, s, H-50), 5.94 (1H, s, H-
5), 3.64 (1H, d, J¼9.6 Hz, Ha-8), 3.54 (1H, d, J¼9.6 Hz, Hb-8), 2.30
(3H, s, H-70), 2.22 (3H, s, H-7); 13C NMR (CDCl3þCD3OD, 75 MHz) dC
169.9 (C-20), 169.1 (C-4), 166.9 (C-40), 166.5 (C-2), 160.7 (C-6), 143.1
(C-60), 108.2 (C-30), 103.1 (C-50), 102.8 (C-5), 102.4 (C-3), 18.3 (C-8),
19.7 (C-7), 19.0 (C-70).

3.3.7. Penicipyranone (7). Colorless gum; [a]D
25�135 (c 0.16, CHCl3);

UV (MeOH) lmax (log 3) 269 (3.67) nm; IR (neat) nmax 3409,
1687 cm�1; HREIMS m/z [M]þ 200.1057 (calcd for C10H16O4,
200.1049); 1H NMR (CDCl3, 300 MHz) dH 4.52 (1H, q, J¼6.6 Hz, H-5),
4.38 (1H, d, J¼12.6 Hz, Ha-9), 4.32 (1H, d, J¼12.6 Hz, Hb-9), 2.45 (1H,
dq, J¼15.3, 7.5 Hz, Ha-10), 2.40 (1H, dq, J¼15.3, 7.5 Hz, Hb-10), 1.40
(3H, s, H-7), 1.31 (3H, d, J¼6.6 Hz, H-8), 1.18 (3H, t, J¼7.5 Hz, H-11);
13C NMR (CDCl3, 75 MHz) dC 196.2 (C-1), 175.6 (C-3), 110.1 (C-2),
82.0 (C-5), 71.3 (C-6), 56.3 (C-9), 25.6 (C-10), 24.1 (C-7), 12.3 (C-8),
11.4 (C-11).

3.3.8. Peniciphenol (8). Colorless gum; UV (MeOH) lmax (log 3) 250
(2.49), 289 (2.19) nm; IR (neat) nmax 3328, 1638 cm�1; HREIMS m/z

[M]þ 180.0788 (calcd for C10H12O3, 180.0786); 1H NMR
(CDCl3þCD3OD, 300 MHz) dH 7.14 (1H, t, J¼7.8 Hz, H-5), 6.81 (1H, d,
J¼7.8 Hz, H-6), 6.64 (1H, d, J¼11.4 Hz, H-8), 6.59 (1H, d, J¼7.8 Hz, H-
4), 5.97 (1H, dt, J¼11.4, 6.9 Hz, H-9), 4.78 (2H, s, H-7), 4.07 (2H, dd,
J¼6.9, 0.6 Hz, H-10); 13C NMR (CDCl3þCD3OD, 75 MHz) dC 156.3 (C-
1),136.3 (C-3),131.9 (C-9),130.0 (C-8),128.5 (C-5),123.6 (C-2),120.9
(C-4), 115.3 (C-6), 59.1 (C-7), 58.6 (C-10).

3.3.9. Penicisoquinoline (9). Yellow gum; [a]D
25 �21 (c 0.50, MeOH);

UV (MeOH) lmax (log 3) 252 (3.69), 353 (3.19) nm; IR (neat) nmax

3245, 1692, 1641 cm�1; HREIMS m/z [M]þ 273.1009 (calcd for
C15H15NO4, 273.1001);

1H NMR (CDCl3þCD3OD, 300 MHz) dH 9.48
(1H, s, H-9), 7.79 (1H, s, H-6), 7.72 (1H, d, J¼8.4 Hz, H-4), 7.36 (1H, d,
J¼8.4 Hz, H-5), 4.89 (2H, s, H-10), 2.36 (1H, m, H-11), 1.19 (3H, br s,
H-13), 0.97 (3H, br s, H-12); 13C NMR (CDCl3þCD3OD, 75 MHz) dC
199.0 (C-3), 171.9 (C-9b), 159.3 (C-7), 146.6 (C-9), 142.7 (C-5a), 124.5
(C-4), 120.3 (C-5), 117.4 (C-6), 115.9 (C-3a, C-9a), 110.1 (C-2), 64.5 (C-
10), 34.2 (C-11), 16.0 (C-12), 15.5 (C-13).

3.4. Antibacterial activity testing

MICs were determined by the agar microdilution method.12 The
test substances were dissolved in DMSO (Merck, Germany). Serial
twofold dilutions of the test substances were mixed with melted
MuellereHinton agar (Difco) in the ratio of 1:100 in microtiter
plates with flat-bottomed wells (Nunc, Germany). Final concen-
tration of the test substances in agar ranged from 0.03 to 128 mg/
mL. SA and MRSA were used as test strains. Inoculum suspensions
(10 mL) were spotted on agar-filled wells. The inoculated plates
were incubated at 35 �C for 18 h. MICs were recorded by reading
the lowest substance concentration that inhibited visible growth.
Vancomycin, a positive control drug, exhibited the MIC value of
1 mg/mL. Growth controls were performed on the agar containing
DMSO.
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Flavanone glucuronides from the leaves of
Garcinia prainiana

Saranyoo Klaiklay, Yaowapa Sukpondma, Vatcharin Rukachaisirikul,
Nongporn Hutadilok-Towatana, and Kanokphorn Chareonrat

Abstract: Phytochemical investigation of Garcinia prainiana’s leaves led to the isolation of prainianonide (1), a new fla-
vanone glucuronide, together with six known compounds: (2S)-eriodictyol 7-O-b-D-glucuronide (2), naringenin 7-O-b-D-
glucuronide (3), (–)-GB-1a (4), (+)-morelloflavone (5), amenthoflavone (6), and friedelin (7). Their structures were eluci-
dated by spectroscopic methods. The absolute configuration of 1 was determined by circular dichroism spectroscopy. Com-
pounds 4 and 5 showed significant antioxidant activity.

Key words: Garcinia prainiana, Guttiferae, flavanone glucuronide, biflavonoid, antioxidant.

Résumé : Une étude phytochimique des feuilles de Garcinia prainiana a permis d’isoler le prainianonide (1), un nouveau
glucuronide de flavanone ainsi que six nouveaux composés : le 7-O-b-D-glucuronide du (2S)-ériodictyol (2), le 7-O-b-D-
glucuronide du de la naringénine (3), le (–)-GB-1a (4), la (+)-morelloflavone (5), l’amenthoflavone (6) et la friedéline (7).
Leurs structures ont été élucidées par des méthodes spectroscopiques. La configuration absolue du composé 1 a été déter-
minée par spectroscopie de dichroı̈sme circulaire. Les composés 4 et 5 présentent une activité antioxydante significative.

Mots-clés : Garcinia prainiana, Guttiferae, glucuronide de flavanone, biflavonoı̈de, antioxydant.

[Traduit par la Rédaction]

Introduction
Plants in the genus Garcinia are known to be a rich

source of bioactive compounds such as xanthones,1–3 bifla-
vonoids,4,5 benzophenones,5 benzoquinones,6 and triter-
penes.7,8 Some of them have shown a wide range of
biological activities including antibacterial,1,6 antifungal,9
antioxidant,3,10 and cytotoxic5,11 effects. In our ongoing ef-
fort to search for biologically active substances from Garci-
nia plants, we found that the crude methanol extract from
the leaves of G. prainiana showed significant antioxidant
activity. Garcinia prainiana, locally named Chu-pu, is dis-
tributed in the southern part of Thailand. This plant is a
small tree with a berrylike fruit. Its ripe fruits are edible
and used for lowering blood pressure.12 In this paper, we de-
scribe the isolation and structural elucidation of one new fla-
vanone glucuronide together with six known compounds and
their antioxidant activity.

Results and discussion
The crude methanol extract from the leaves of G. praini-

ana was subjected to chromatographic techniques to yield
one new flavanone glucuronide, prainianonide (1), as well
as two known flavanone glucuronides, (2S)-eriodictyol 7-O-
b-D-glucuronide (2)13 and naringenin 7-O-b-D-glucuronide

(3),14 three biflavonoids, (–)-GB-1a (4),15 (+)-morelloflavone
(5),16 and amenthoflavone (6),17 and friedelin (7) (Chart
1).18 The structure of 1 was determined by analysis of one-
and two-dimensional NMR spectroscopic data, while the
known compounds were identified by comparison of the
NMR data, especially 1H and 13C NMR data, with previ-
ously reported data (see Supplementary data). The absolute
configurations of 1 and 2 were assigned by circular dichro-
ism (CD) spectroscopy. This is the first report on the isola-
tion of a flavanone glucuronide from the genus Garcinia.

Prainianonide (1) was isolated as a pale yellow gum. Its
molecular formula, C22H22O11, was deduced by high-
resolution electron impact mass spectrometry (HR-EI-MS)
(m/z 462.1144 [M]+ (calcd. 462.1162)). The UV spectrum
showed characteristic absorption bands of a flavanone chro-
mophore at 283 and 337 nm.19 The IR spectrum showed ab-
sorption bands for a hydroxyl group (3422 cm–1), an ester
carbonyl group (1716 cm–1), and a flavanone carbonyl group
(1644 cm–1). The 1H NMR spectrum (Table 1) displayed
AA’BB’ signals at d 7.33 and 6.82 (2H each, d, J = 8.4 Hz),
two meta-coupled signals at d 6.16 and 6.17 (1H each, brs),
an oxymethine proton signal at d 5.39 (1H, dd, J = 13.2,
2.7 Hz), and methylene proton signals at d 3.18 (1H, dd,
J = 17.1, 13.2 Hz) and 2.75 (1H, dd, J = 17.1, 2.4 Hz).
These data indicated that 1 had a 4’,5,7-trihydroxyflavanone
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skeleton.20 In addition, the 1H NMR data (Table 1) showed
signals of a sugar unit (d 5.07 (1H, d, J = 7.2 Hz), 4.09 (1H,
d, J = 9.6 Hz), 3.60 (1H, t, J = 9.6 Hz), 3.49 (1H, dd, J =
9.6, 7.2 Hz), 3.47 (1H, t, J = 9.6 Hz)) and a methoxyl signal
at d 3.76 (3H, s). The 13C NMR spectrum (Table 1) showed
the presence of one ester carbonyl carbon (d 169.4). A heter-
onuclear multiple bond correlation (HMBC) between the
methoxy protons (d 3.76) and the ester carbonyl carbon (d
169.4) indicated the presence of a methyl ester group. This
methyl ester group was connected to C-5’’ (d 75.2) of a
sugar moiety, which was determined by HMBC of H-5’’ (d
4.09) / C-6’’ (d 169.4). From these results, the sugar moiety
was identified as a methyl ester of glucuronic acid.13 The
anomeric proton of the glucuronic acid at d 5.07 with a large
coupling constant of 7.2 Hz implied that this unit must have
a b-glucuronide form.13 Irradiation of H-5’’ affected signal
intensities of both H-1’’ (d 5.07) and H-3’’ (d 3.47), support-
ing the assigned stereochemistry of the glucuronide unit. A
cross peak in the HMBC spectrum between H-1’’ of the glu-
curonide unit and C-7 (d 165.1) of the flavanone skeleton
indicated the attachment of the glucuronide unit to the 7-
hydroxyl group of the flavanone moiety. The absolute con-
figuration of 1 was assigned by CD spectroscopy. Its CD
spectrum showed positive Cotton effects (249 (D3 –5.84),
290 (D3 +2.35) nm), indicating that the absolute configura-
tion of the 2-position is an R orientation, which was sup-
ported by comparison with positive (252 (D3 –1.00), 292
(D3 +3.66) nm) and negative Cotton effects (250

Chart 1.

Table 1. 1H and 13C NMR spectral data of 1 in CD3OD and
major correlations.

Position dH, mult, J (in Hz) dC HMBC
2 5.39, dd, 13.2, 2.7 79.3 C-4, C-9, C-2’,6’
3 3.18, dd, 17.1, 13.2 42.8 C-10, C-1’

2.75, dd, 17.1, 2.4
4 197.2
5 163.6
6 6.17, brs 96.5 C-8, C-10
7 165.1
8 6.16, brs 95.4 C-6, C-10
9 163.2
10 103.7
1’ 129.4
2’, 6’ 7.33, d, 8.4 127.7 C-2, C-4’
3’, 5’ 6.82, d, 8.4 114.9 C-1’, C-4’
4’ 157.7
1’’ 5.07, d, 7.2 99.6 C-7
2’’ 3.49, dd, 9.6, 7.2 75.6 C-3’’, C-4’’
3’’ 3.47, t, 9.6 72.9 C-1’’, C-2’’, C-4’’
4’’ 3.60, t, 9.6 71.4 C-2’’
5’’ 4.09, d, 9.6 75.2 C-1’’, C-4’’, C-6’’
6’’ 169.4
7’’ 3.76, s 51.5 C-6’’
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(D3 +1.43), 293 (D3 –3.48) nm) of (2R)-eriodictyol 7-O-b-
D-glucuronide and (2S)-eriodictyol 7-O-b-D-glucuronide (2),
respectively.13 Therefore, 1 was characterized as (2R)-4,5-
dihydroxyflavanone 7-O-b-glucuronide methyl ester, a new
flavanone glucuronide.

Compounds 1–6 were examined for their antioxidant ac-
tivity against DPPH (diphenylpicrylhydrazyl) radicals, while
compound 7 was not tested owing to the lack of phenolic
moiety. Compounds 4 and 5 showed higher radical scaveng-
ing potency than the standard (butylated hydroxyanisole),
with IC50 values (concentration required to reduce DPPH
radicals by 50%) of 148 and 72 mmol/L, respectively
(Table 2). Compound 2 was much less active, with an IC50
value of 841 mmol/L. The radical trapping potency of morel-
loflavone (5), which was twofold higher than that of GB-1a
(4), was mainly due to the presence of ortho-dihydroxy
groups in its B ring, a structural feature required for effec-
tive radical scavenging.21 Compound 5, however, has been
shown to be a potent antioxidant in various studies.22,23 In
comparison with the biflavonoids (4 and 5), the flavanone
glucuronide (2) seemed to be a poor scavenger. As the 5,7-
dihydroxy moiety in the A ring is known to have a strong
influence on the total antioxidant activity of flavonoids,21

thus blocking the 7-position by glycosylation and containing
only a single hydroxyl substituent at position 5 in the A
ring, compound 2 became an ineffective hydrogen donor in
this chemical arrangement.

Experimental

General
The infrared (IR) spectra were recorded neat using a

PerkinElmer 783 FTS165 FTIR spectrometer. The ultravio-
let (UV) absorption spectra were measured on a SHI-
MADZU UV-160A spectrophotometer. 1H and 13C NMR
spectra were recorded on a 300 MHz Bruker FTNMR Ultra
Shield spectrometer in deuterochloroform solution with tet-
ramethylsilane as an internal standard. The EI and HR-EI
mass spectra were obtained on a MAT 95 XL mass spec-
trometer (Thermofinnigan). Optical rotation was measured
on a JASCO P-1020 polarimeter. CD spectra were recorded
on a JASCO J-810 spectropolarimeter. Thin-layer chroma-
tography was performed on silica gel 60 GF254 (Merck).
Column chromatography (CC) was carried out on Sephadex
LH-20, silica gel (Merck) type 60 (230–400 mesh ASTM) or
type 100 (70–230 mesh ASTM), or reverse phase C-18 silica
gel. Light petroleum had a bp of 40–60 8C.

Plant material
The leaves of G. prainiana were collected in Narathiwat

Province, Thailand. The voucher specimens (K.Man-
eenoon2010-001-003) were deposited in the Herbarium at
the Department of Biology, Faculty of Science, Prince of
Songkla University, Hat Yai, Songkhla, Thailand.

Extraction and isolation
The leaves of G. prainiana (0.80 kg), cut into small seg-

ments, were extracted with MeOH three times over a period
of 7 days at room temperature. After filtration, the filtrate
was evaporated to dryness under reduced pressure to give a
crude methanol extract as a dark brown gum (56.2 g). The

resulting residue was subjected to CC over Sephadex LH-20
with MeOH to afford four fractions (G1–G4). Fraction G3
(1.01 g) was dissolved with CH2Cl2 to provide soluble
(G3D) and insoluble (G3N) fractions. Fraction G3D
(399.6 mg) was subjected to CC over silica gel with a gra-
dient of CH2Cl2/petroleum ether (1:1) to provide 7
(73.4 mg). Fraction G4 (2.7 g) was subjected to CC over re-
verse phase silica gel with a gradient of MeOH/H2O (1:1) to
provide five subfractions (G4A–G4E). Subfraction G4A
(260.2 mg) was chromatographed using CC over reverse
phase silica gel with a gradient of MeOH/H2O (1:4) to pro-
duce 2 (14.1 mg). Subfraction G4B (31.2 mg) was separated
by CC over reverse phase silica gel with a gradient of
MeOH/H2O (2:3) to provide four subfractions (G4B1–
G4B4). Subfraction G4B1 (15.6 mg) was further subjected
to CC over reverse phase silica gel with a gradient of
MeOH/H2O (1:4) to provide 3 (4.3 mg). Subfractions G4B3
(25.9 mg) and G4B4 (34.7 mg) were chromatographed using
CC over Sephadex LH-20 with MeOH/CH2Cl2 to produce 1
(3.9 mg) and 4 (8.7 mg), respectively. Subfraction G4D
(69.5 mg) was purified by CC over reverse phase silica gel
with a gradient of MeOH/H2O (6:4) to afford 5 (25.3 mg).
Subfraction G4E (67.1 mg) was subjected to CC over re-
verse phase silica gel with a gradient of MeOH/H2O (6:4)
followed by CC over Sephadex LH-20 using MeOH/CH2Cl2
to produce 6 (4.0 mg).

Prainianonide (1)
Pale yellow gum. ½a�26D –26.08 (c 0.20, MeOH). UV

(MeOH) (nm, log 3): 337 (2.14), 283 (3.63), 224 (3.81).
FTIR (neat, cm–1): 3422, 1716, 1644. CD (MeOH) (nm,
D3): 249 (–5.84), 290 (+2.35). 1H NMR (300 MHz,
CD3OD) and 13C NMR (75 MHz, CD3OD) data: see Table 1.
EI-MS m/z: 462 [M]+ (3), 272 (100), 254 (7), 179 (27), 166
(36), 153 (86), 120 (57), 107 (23). HR-EI-MS m/z: 462.1144
[M]+ (calcd. for C22H22O11: 462.1162).

Determination of antioxidant activity

DPPH radical scavenging assay
The DPPH radical scavenging assay was carried out in

triplicate, based on the method used by Hutadilok-Towatana
et al.24 BHA (butylated hydroxyanisole), a positive control,
gave an IC50 value of 167 mmol/L. The DPPH radical scav-

Table 2. Antioxidant activity of
compounds 1–6.

DPPH�

Compound IC50 (mmol/L)
1 —a

2 841
3 —a

4 148
5 72
6 —a

BHAb 167

aInactive.
bButylated hydroxyanisole.
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enging ability was calculated based on the concentration of
sample required to reduce DPPH radicals by 50% (IC50).

Supplementary data
Supplementary data are available with the article through

the journal Web site (www.nrcresearchpress.com/cjc).
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ABSTRACT

 Trichodermaquinone (1)¢ and trichodermaxanthone (2) were isolated from the 
marine-derived fungus Trichoderma aureoviride PSU-F95 together with eleven known 
compounds. The structures were interpreted by spectroscopic methods. Known 
coniothranthraquinone 1 and emodin displayed strong antibacterial activity against 
methicillin-resistant Staphylococcus aureus with the MIC values of 8 and 4 �g/mL, 
respectively. ¢
¢

Key words: Trichoderma aureoviride, Marine-derived fungus, 
Tetrahydroanthraquinone, Xanthone, Antibacterial activity  

¢
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INTRODUCTION 

 Marine-derived fungi belonging to the genus Trichoderma produce many types 
of bioactive metabolites such as the antimycobacterial aminolipopeptide trichoderins 
(Pruksakorn et al., 2010), the antifungal trichodermaketone A (Song et al., 2010) and 
the cytotoxic dipeptide trichodermamide B (Garo et al., 2003). As part of an effort to 
search for biologically active compounds from our marine-derived fungi collection, we 
screened the isolated fungi for antibacterial activity against Staphylococcus aureus (SA) 
ATCC 25923 and methicillin-resistant S. aureus SK1 (MRSA). Results indicated that 
the broth and mycelial extracts from the marine-derived fungus T. aureoviride PSU-
F95, isolated from a gorgonian sea fan of the genus Annella, showed interesting activity 
against both strains. Based on SciFinder Scholar Database searches, there has been only 
one report on the chemical investigation of T. aureoviride leading to the isolation of 
growth-inhibiting koninginin G (Cutler et al., 1999). We report herein the isolation of 
two new metabolites from the broth extract of the fungus T. aureoviride PSU-F95: one 
tetrahydroanthraquinone, trichodermaquinone (1), and one xanthone, 
trichodermaxanthone (2) (Fig. 1), along with seven known compounds, 
coniothranthraquinone 1 (3) (Yi et al., 2010), aloesone (4) (Che et al., 1991), 2-(2�S-
hydroxypropyl)-5-methyl-7-hydroxychromone (5) (Kashiwada et al., 1984), 
isorhodoptilometrin (6) (Ren et al., 2006), pachybasin (7) (Liu et al., 2007), 1-hydroxy-
3-methoxyanthraquinone (8) (Wu et al., 2003) and 2-methylquinizarin (9) (Kuo et al., 
1995). In addition, the mycelial extracts afforded four additional known compounds, �-
hydroxypachybasin (10) (Kuo et al., 1995), chrysophanol (11) (Ngoc et al., 2008), 
emodin (12) (Cohen and Towers, 1995) and �-hydroxyemodin (13) (Fujimoto et al., 
2004). Their structures were determined based on spectroscopic data. Antibacterial 
activity against SA and MRSA of some isolated compounds was evaluated. 
MATERIALS AND METHODS 

General procedures

Infrared spectra (IR) were recorded on a Perkin-Elmer 783 FTS 165 FT-IR 
spectrometer. Ultraviolet (UV) absorption spectra were measured in MeOH on a 
Shimadzu UV-160A spectrophotometer. Optical rotations were measured on a JASCO 
P-1020 polarimeter. 1H and 13C NMR spectra were recorded on 300 and 500 MHz 
Bruker FTNMR Ultra Shield spectrometer. Chemical shifts are expressed in � (ppm) 
referring to the TMS peak. Mass spectra were measured on a MAT 95 XL mass 
spectrometer (Thermo Finnigan) or on a Micromass model VQ-TOF2 spectrometer. 
Thin-layer Chromatography (TLC) and precoated TLC (PTLC) were performed on 
silica gel GF256 (Merck). Column chromatography (CC) was carried out on silica gel 
(Merck) type 100 (70-230 Mesh ASTM) with a gradient system of MeOH-CH2Cl2, on 
Sephadex LH-20 with MeOH or on reverse phase silica gel C-18 with a gradient system 
of MeOH-H2O, or otherwise stated.  
Fungal strain 

The marine-derived fungus T. aureoviride PSU-F95 was isolated from the 
gorgonian sea fan (Annella sp.). The sea fan was collected and identified according to 
previously reported methods (Trisuwan et al., 2010). The fungus was deposited as PSU-
F95 (GenBank accession number EU714396) at the Department of Microbiology, 
Faculty of Science, Prince of Songkla University, Thailand. 

Tissue Samples were treated with 95% ethanol for 1 minute and rinsed with 
sterile distilled water. The surface-sterilized samples were placed on cornmeal agar 
(supplemented with tetracycline and ampicillin to suppress bacterial growth) and 
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incubated at 25 oC until the outgrowth of sea fan-derived fungi was discerned. Hyphal 
tips originating from sea fan samples were transferred to potato dextrose agar (PDA) 
without antibiotics. The fungal isolate was transferred to the new medium by the hyphal 
tip method.  
Identification of the fungus PSU-F95 

The fungus PSU-F95 was identified based on its morphological and molecular 
characteristics. Its colony is fast growing on potato dextrose agar at 25 oC. It produces a 
scattered blue-green mass of conidia with secreted yellow pigment after five days of 
incubation. Conidiophores are hyaline and extensively branched with hyaline, 1-celled, 
ovoid conidia borne in small terminal clusters which are the characteristics of the genus 
Trichoderma (Barnett and Hunter, 1998). Its ITS sequence (EU714396) matched 
closely with sequences of Trichoderma aureoviride AF359266, AF359400 and 
EF359265 with a very short tree branch length, 99.8 % sequence identity and highly 
similar by bootstrap value. These data confirmed the identity of PSU-F95 to be 
Trichoderma aureoviride. 
Fermentation and isolation  

The sea fan-derived fungus PSU-F95 was grown on potato dextrose agar (PDA) 
at 25 �C for five days. Three pieces (0.5 x 0.5 cm2) of mycelial agar plugs were 
inoculated into 500 mL Erlenmeyer flasks containing 300 mL potato dextrose broth 
(PDB) at room temperature for four weeks. The crude extracts from the fungus PSU-
F95 were prepared using the same procedure as described previously (Arunpanichlert et 
al., 2010) to give broth EtOAc (BE, 639.8 mg), mycelial EtOAc (CE, 462.8 mg) and 
mycelial hexane (CH, 127.9 mg) extracts, respectively.¢ The BE extract was subjected to 
column chromatography (CC) over Sephadex LH-20 to obtain five fractions (A-E). 
Fraction B (82.9 mg) was further purified by CC over reverse phase C-18 silica gel to 
afford four subfractions (B1-B4). Subfraction B2 (19.5 mg, eluted with 70% MeOH-
H2O) was rechromatographed over reverse phase C-18 silica gel and then purified by 
preparative thin-layer chromatography (PTLC) using 3% MeOH-CH2Cl2 (4 runs) to 
give 4 (3.6 mg) and 5 (3.9 mg). Fraction C (101.6 mg) was further investigated using 
the same procedure as fraction B to yield five subfractions (C1-C5). Both subfractions 
C1 (54.8 mg, eluted with 60% MeOH-H2O) and C2 (17.9 mg, eluted with 60% MeOH-
H2O) were further purified over reverse phase C-18 silica gel to give 1 (3.5 mg) and 3

(10.1 mg), respectively. Subfraction C4 (4.9 mg, eluted with 80% MeOH-H2O) 
contained 7 (4.9 mg). Fraction D (106.4 mg) was subjected to the same procedure as 
fraction B to yield five subfractions (D1-D5). Subfractions D2 (1.1 mg, eluted with 70% 
MeOH-H2O) and D5 (2.4 mg, eluted with 90% MeOH-H2O) contained compounds 2

(1.1 mg) and 9 (2.4 mg), respectively. Subfraction D3 (10.6 mg, eluted with 70% 
MeOH-H2O) was further purified by PTLC using 2% MeOH-CH2Cl2 as a mobile phase 
to give 6 (5.7 mg) and 8 (1.0 mg). The CH extract was chromatographed using CC over 
silica gel to give three fractions (CH1-CH3). Fraction CH2 (29.3 mg, eluted with 1-3% 
MeOH-CH2Cl2) was rechromatographed over silica gel with a gradient of EtOAc-light 
petroleum to give 10 (2.0 mg) and 12 (5.4 mg). The CE extract was purified by CC over 
Sephadex LH-20 to give four fractions (CE1-CE4). Both fractions CE2 (52.6 mg) and 
CE4 (31.3 mg) were subjected to CC over reverse phase C-18 silica gel to give 13 (3.5 
mg). Fraction CE3 (101.9 mg) was further purified using the same method as fraction 
CE2 and then repurified by PTLC using 1% EtOAc-light petroleum (10 runs) as a 
mobile phase to yield 11 (1.5 mg). 
Trichodermaquinone (1)¢
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Yellow gum; [�]D
24 –45.9 (c 0.20, MeOH); UV �max (MeOH) nm (log �): 243 (3.35), 

273 (3.23); IR 	max (neat) cm-1: 3263, 1662, 1627; 1H NMR (300 MHz, acetone-d6) and 
13C NMR (75 MHz, acetone-d6), see Table I; EIMS m/z (% relative intensity): 290 (100), 
231 (88), 135 (74), 115 (55), 77 (61); HREIMS m/z: [M]+ 290.0790 (calcd for C15H14O6, 
290.0790). 
Trichodermaxanthone (2)

Pale yellow gum; UV �max (MeOH) nm (log� �): 241 (3.51), 255 (3.48), 273 (3.42), 313 
(3.26) and 341 (2.86); IR 	max (neat) cm-1: 3315, 1698, 1650; 1H NMR (300 MHz, 
acetone-d6) and 13C NMR (75 MHz, acetone-d6), see Table II; EI-MS m/z (% relative 
intensity) 300 (21), 258 (100), 229 (10); HR-TOF-MS (APCI positive) m/z: [M + Na]+ 

323.0543 (calcd for C16H12O6Na, 323.0532).
Coniothranthraquinone 1 (3)¢

Yellow gum; [�]D
25 –32.0 (c 0.20, MeOH); UV �max (MeOH) nm (log� �): 249 (3.67), 

277 (3.64), 419 (3.25); IR 	max (neat) cm-1: 3343, 1662, 1628; 1H NMR (300 MHz, 
acetone-d6): � 12.04 (1H, s, 1-OH), 7.37 (1H, d, J = 0.9 Hz, H-4), 7.07¢(1H, q, J = 0.6 
Hz, H-2), 4.05 (2H, m, H-6, H-7), 2.80 (1H, m, Ha-5), 2.75 (2H, m, Hb-5, Ha-8), 2.69 
(1H, m, Hb-8), 2.43 (3H, s, H3-11); 13C NMR (75 MHz, acetone-d6): � 189.6 (C-9), 
183.5 (C-10), 161.4 (C-1), 148.0 (C-3), 143.0 (C-8a), 141.7 (C-10a), 132.1 (C-4a), 
123.1 (C-2), 119.6 (C-4), 112.8 (C-9a), 67.4 (C-6, C-7), 29.1 (C-8), 28.4 (C-5), 21.1 (C-
11).��
Aloesone (4) 

Colorless gum; UV �max (MeOH) nm (log� �): 210 (2.89), 242 (3.71), 249 (3.54), 292 
(3.44); IR 	max (neat) cm-1: 3360, 1717, 1649; 1H NMR (300 MHz, acetone-d6): � 9.60 
(1H, brs, 7-OH), 6.68 (1H, d, J = 2.4 Hz, H-6), 6.67 (1H, d, J = 2.4 Hz, H-8), 6.04 (1H, 
s, H-3), 3.82 (1H, s, H2-9), 2.27 (3H, s, H3-11), 2.71 (3H, s, H3-12); 13C NMR (75 MHz, 
acetone-d6): � 201.3 (C-10), 178.3 (C-4), 160.9 (C-7), 160.4 (C-2), 159.7 (C-8a), 142.3 
(C-5), 116.5 (C-6), 115.0 (C-4a), 113.1 (C-3), 100.7 (C-8), 47.5 (C-9), 28.9 (C-11), 21.9 
(C-11). 
2-(2����S-Hydroxypropyl)-5-methyl-7-hydroxychromone (5)

Colorless gum; [�]D
27 +32.7 (c 0.55, MeOH); UV �max (MeOH) nm (log� �): 210 (3.02), 

242 (2.92), 249 (2.92), 290 (2.76); IR 	max (neat) cm-1: 3400, 1643; 1H NMR (300 MHz, 
acetone-d6): � 9.52 (1H, brs, 7-OH), 6.69 (1H, d, J = 2.4 Hz, H-8), 6.66 (1H, brs, H-6), 
5.97 (1H, s, H-3), 4.21 (1H, m, H-10), 2.70 (3H, s, H3-12), 2.65 (1H, m, H2-9), 1.25 (3H, 
d, J = 6.8 Hz, H3-11); 13C NMR (75 MHz, acetone-d6): � 178.5 (C-4), 164.6 (C-2), 
160.7 (C-7), 159.7 (C-8a), 142.2 (C-5), 116.3 (C-6), 115.3 (C-4a), 111.9 (C-3), 100.7 
(C-8), 64.8 (C-10), 43.3 (C-9), 22.9 (C-11), 21.9 (C-12). 
Isorhodoptilometrin (6) 

Yellow gum; [�]D
25 -33.6 (c 0.20, MeOH); UV �max (MeOH) nm (log� �): 220 (3.67), 

252 (3.43), 290 (3.38), 437 (3.14); IR 	max (neat) cm-1: 3373, 1693, 1664; 1H NMR (300 
MHz, acetone-d6): � 12.20 (1H, s, 8-OH), 12.08 (1H, s, 1-OH), 7.66 (1H, d, J = 1.8 Hz, 
H-4), 7.26 (1H, d, J = 2.7 Hz, H-5), 7.21 (1H, d, J = 1.8 Hz, H-2), 6.66 (1H, d, J = 2.7 
Hz, H-7), 4.09 (1H, sext, J = 6.0, 0.9 Hz, H-12), 2.82 (2H, m, H2-11), 1.22 (3H d, J = 
6.0 Hz, H3-13); 13C NMR (75 MHz, acetone-d6): � 190.9 (C-9), 182.0 (C-10), 165.8 (C-
8), 165.4 (C-1, C-6), 150.4 (C-3), 135.8 (C-4a), 133.1 (C-10a), 124.8 (C-2), 121.2 (C-4), 
113.9 (C-9a), 109.5 (C-8a), 108.9 (C-5), 108.0 (C-7), 67.4 (C-12), 45.6 (C-11), 22.9 (C-
13). 
Pachybasin (7) 



¢

� 6

Yellow gum; UV �max (MeOH) nm (log� �): 223 (3.37), 253 (3.44), 329 (2.52), 405 
(2.85); IR 	max (neat) cm-1: 3516, 1712, 1677; 1H NMR (300 MHz, CDCl3): � 12.58 (1H, 
s, 1-OH), 8.31 (1H, m, H-5), 8.28 (1H, m, H-8), 7.82 (1H, m, H-6), 7.78 (1H, m, H-7), 
7.65 (1H, d, J = 1.2 Hz, H-4), 7.11 (1H, dq, J = 1.2, 0.6 Hz, H-2), 2.45 (3H, s, H3-11); 
13C NMR (75 MHz, CDCl3): � 188.1 (C-9), 182.8 (C-10), 162.8 (C-1), 148.6 (C-3), 
134.4 (C-7), 134.1 (C-6), 133.7 (C-8a), 133.4 (C-10a), 133.2 (C-4a), 127.4 (C-8), 126.8 
(C-5), 124.1 (C-2), 120.8 (C-4), 114.1 (C-9a), 22.3 (C-11). 
1-Hydroxy-3-methoxyanthraquinone (8)�
Yellow gum; UV �max (MeOH) nm (log� �): 204 (3.76), 221 (3.71), 252 (3.65), 280 
(3.29), 326 (3.62); IR 	max (neat) cm-1: 3243, 1688, 1664; 1H NMR (300 MHz, acetone-
d6): � 12.60 (1H, s, 1-OH), 8.33 (1H, m, H-8), 8.28 (1H, m, H-5), 7.81 (1H, s, H-4), 7.97 
(2H, m, H-6, H-7), 7.37 (1H, s, H-2), 4.80 (3H, s, H3-11); 13C NMR (75 MHz, acetone-
d6): � 188.4 (C-9), 182.0 (C-10), 162.9 (C-1), 153.4 (C-3), 134.8 (C-6), 134.4 (C-7), 
133.6 (C-8a), 133.7 (C-4a), 133.3 (C-10a), 127.0 (C-5), 126.6 (C-8), 120.3 (C-2), 116.9 
(C-4), 114.8 (C-9a), 62.9 (C-11). 
2-Methylquinizarin (9) 

Yellow gum; UV �max (MeOH) nm (log� �): 202 (2.99), 222 (2.91), 249 (2.83), 282 
(2.29); IR 	max (neat) cm-1: 3247, 1690, 1660; 1H NMR (300 MHz, acetone-d6): � 13.40 
(1H, s, 4-OH), 12.95 (1H, s, 1-OH), 8.37 (2H, m, H-5, H-8), 8.00 (2H, m, H-6, H-7), 7.32 
(1H, q, J = 1.0 Hz, H-2), 2.38 (1H, d, J = 1.0, H3-11); 13C NMR (75 MHz, acetone-d6): �
188.3 (C-10), 187.5 (C-9), 158.6 (C-1), 158.0 (C-4), 141.9 (C-3), 135.8 (C-7)a, 135.6 (C-6)a, 
134.6 (C-10a), 134.4 (C-8a), 129.7 (C-2), 127.7 (C-8)b, 127.6 (C-5)b, 112.8 (C-4a), 112.0 
(C-9a), 16.4 (C-11); a, b may be interchageable. 
�-Hydroxypachybasin (10)

Yellow gum; UV �max (MeOH) nm (log� �): 224 (3.96), 246 (4.06), 255 (4.07), 281 
(3.72), 328 (3.10), 401 (3.41); IR 	max (neat) cm-1: 3192, 1673, 1668; 1H NMR (300 
MHz, CDCl3): � 12.63 (1H, s, 1-OH), 8.32 (1H, m, H-5), 8.30 (1H, m, H-8), 7.83 (1H, m, 
H-7), 7.82 (1H, m, H-6), 7.81 (1H, m, H-4), 7.35 (1H, m, H-2), 4.83 (2H, s, H2-11); 13C 
NMR (75 MHz, CDCl3): � 188.3 (C-9), 182.4 (C-10), 163.1 (C-1), 150.9 (C-3), 134.6 (C-
6), 134.2 (C-7), 133.7 (C-4a), 133.6 (C-8a), 133.3 (C-10a), 127.5 (C-8), 126.9 (C-5), 121.2 
(C-2), 117.3 (C-4), 115.3 (C-9a), 64.2 (C-11). 
Chrysophanol (11) 

Yellow gum; UV �max (MeOH) nm (log� �): 224 (3.58), 255 (3.33), 277 (3.01), 287 
(3.02), 429 (3.07); IR 	max (neat) cm-1:¢3337, 1688, 1675; 1H NMR (300 MHz, CDCl3): 
� 12.13 (1H, s, 8-OH), 12.02 (1H, s, 1-OH), 7.82 (1H, dd, J = 8.4, 1.2 Hz, H-5), 7.68 
(1H, t, J = 8.4 Hz, H-6), 7.65 (1H, d, J = 1.5 Hz, H-4), 7.29 (1H, dd, J = 8.4, 1.2 Hz, H-
7), 7.10 (1H, brs, H-2), 2.47 (3H, s, H3-11); 13C NMR (75 MHz, CDCl3): � 192.6 (C-9), 
182.0 (C-10), 162.8 (C-1), 162.5 (C-8), 149.3 (C-3), 136.9 (C-6), 133.7 (C-4a), 133.3 
(C-10a), 124.6 (C-7), 124.4 (C-2), 121.4 (C-4), 119.9 (C-5), 115.9 (C-8a), 113.8 (C-9a), 
22.2 (C-11). 
Emodin (12) 

Yellow gum; UV �max (MeOH) nm (log� �): 218 (3.84), 254 (3.60), 264 (3.60), 287 
(3.55), 431 (3.19); IR 	max (neat) cm-1:¢3373, 1689, 1662; 1H NMR (300 MHz, CDCl3): 
� 12.17 (1H, s, 8-OH), 12.05 (1H, s, 1-OH), 7.54 (1H, s, H-4), 7.23 (1H, d, J = 2.4 Hz, 
H-5), 7.11 (1H, s, H-2), 6.64 (1H, d, J = 2.4 Hz, H-7), 2.45 (3H, s, H3-11); 13C NMR (75 
MHz, CDCl3): � 190.7 (C-9), 181.3 (C-10), 165.7 (C-6), 165.4 (C-8), 162.4 (C-1), 148.6 
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(C-3), 135.7 (C-10a), 133.3 (C-4a), 124.0 (C-2), 120.6 (C-4), 113.6 (C-9a), 109.4 (C-
8a), 108.9 (C-5), 108.0 (C-7), 21.1 (C-11). 
�-Hydroxyemodin (13) 

Yellow gum; UV �max (MeOH) nm (log� �): 221 (3.21), 272 (3.10), 289 (2.93), 393 
(3.47); IR 	max (neat) cm-1: 3372, 1689, 1660; 1H NMR (300 MHz, acetone-d6): � 12.21 
(1H, s, 8-OH), 7.75 (1H, s, H-4), 7.31 (1H, s, H-2), 7.26 (1H, d, J = 1.5 Hz, H-5), 6.65 
(1H, d, J = 1.5, H-7), 4.78 (2H, s, H2-11); 13C NMR (75 MHz, acetone-d6): � 191.5 (C-
9), 182.5 (C-10), 167.8 (C-6), 166.5 (C-8), 163.4 (C-1), 153.7 (C-3), 136.7 (C-10a), 
134.5 (C-4a), 121.7 (C-2), 118.1 (C-4), 115.4 (C-9a), 110.5 (C-5), 110.0 (C-8a), 108.9 
(C-7), 63.7 (C-11).¢
Acetonide formation of 3

p-Toluenesulfonic acid¢(1.0 mg) was added to a solution of the diol 3 (1.2 mg) in 2,2-
dimethoxypropane (0.6 mL). The solution was stirred at room temperature for 4 hours. 
Saturated aqueous NaHCO3 (3 mL) was then added, and the mixture was extracted with 
CH2Cl2 (3 x 2 mL). The combined organic layers were dried over Na2SO4 and 
concentrated under reduced pressure to obtain the acetonide 14 (1.7 mg). 
Acetonide of coniothranthraquinone 1 (14)

Yellow gum; [�]D
26 –13.7 (c 0.64, CHCl3); UV �max (MeOH) nm (log� �): 250 (3.75), 277 

(3.77), 426 (3.47); IR 	max (neat) cm-1: 3232, 1662, 1635; 1H NMR (500 MHz, CDCl3): 
� 11.97 (1H, s, 1-OH), 7.40 (1H, d, J = 1.0 Hz, H-4), 6.97 (1H, q, J = 0.5 Hz, H-2), 4.59 
(2H, m, H-6, H-7), 3.22 (2H, dm, J = 16.5 Hz, Ha-5, Ha-8), 2.35 (3H, s, H3-11), 2.24 (2H, 
dm, J = 16.5 Hz, Hb-5, Hb-8), 1.25 (3H, s, H3-13), 1.17 (3H, s, H3-14); 13C NMR (125 
MHz, CDCl3): � 187.9 (C-9), 182.8 (C-10), 161.7 (C-1), 147.8 (C-3), 143.9 (C-8a),a 142.4 
(C-10a),a 131.9 (C-4a), 120.6 (C-2), 123.8 (C-4), 112.8 (C-9a), 108.3 (C-12), 72.8 (C-6, C-
7), 26.5 (C-8),b 26.2 (C-14), 25.3 (C-5),b 24.3 (C-13), 22.1 (C-11); EIMS m/z (% relative 
intensity): 314 (24), 299 (100), 256 (59), 239 (100), 227 (48); HREIMS m/z: [M]+

314.1143 (calcd for 314.1149, C18H18O5). a, b may be interchageable. 
Antibacterial activity testing  

Antibacterial activity was evaluated against SA and MRSA, using the procedure 
demonstrated by the Clinical and Laboratory Standards Institute (Clinical and 
Laboratory Standards Institute, 2002) and Drummond and Waigh (Drummond and 
Waigh, 2000). 
RESULTS AND DISCUSSION�

Trichodermaquinone (1) was isolated as a yellow gum and displayed the 
molecular formula C15H14O6 as determined by high resolution electron impact 
ionization mass spectrometry (HREIMS). Its (ultraviolet) UV and (infrared) IR spectra 
exhibited absorption bands indicative of a naphthoquinone moiety (Higa et al., 1998). 
The 1H NMR data (Table I) contained signals for one chelated hydroxyl proton (�H
12.12, s) two meta-coupled aromatic protons (�H 7.58 and 7.26, each d, J = 1.2 Hz, 1H), 
two oxymethine protons (�H 4.05, m, 2H) and two methylene groups (�H 2.80 and 2.77, 
each m, 2H) along with one hydroxymethylene signal (�H 4.74, s, 2H). The 13C NMR 
spectrum (Table I) displayed resonances for two carbonyls (�C 189.7 and 183.4), six 
quaternarys (�C 161.5, 152.4, 143.4, 141.8, 132.3 and 113.6), two aromatic methines (�C
120.0 and 116.3), one resonance for two oxymethines (�C 67.4), two methylenes (�C
28.4 and 29.1) and one oxymethylene (�C 62.9). The chelated hydroxy proton was 
placed at C-1 (�C 161.5), peri-position to the carbonyl carbon (C-9, �C 189.7), and gave 
the 3J HMBC cross peaks with C-2 (�C 120.0) and C-9a (�C 113.6). One of two meta-
aromatic protons resonated at �H 7.26 was attributed to H-2 on the basis of its HMQC 
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correlation with C-2. The remaining aromatic proton (�H 7.58) was then assigned as H-4 
which displayed the 3J HMBC correlations with C-2, C-9a and C-10 (�C 183.4). These 
data and the chemical shift of H-4 attached the other ketone carbonyl group at C-4a (�C
132.3). The hydroxymethyl group, H2-11 (�H 4.74), was connected to C-3 (�C 152.4) due 
to its 3J HMBC correlations with C-2 and C-4 (�C 116.3). On the basis of the following 
1H-1H COSY data: Hab-5 and Hab-8 (�H 2.80 and 2.77)/H-6 and H-7 (�H 4.05) as well as 
their chemical shifts, a 2,3-dihydroxybutyl unit was established. As H-6 and H-7 of the 
2,3-dihydroxybutyl unit displayed the HMBC correlations with C-10a (�C 141.8) and C-
8a (�C 143.4), a cyclohex-4-ene-1,2-diol unit was established. C-8a and C-10a of the 
cyclohex-4-ene-1,2-diol unit were connected to the carbonyl carbons C-9 and C10 to 
form a tetrahydroanthraquinone according to the molecular formula and the chemical 
shifts of two carbonyl carbons (�C 189.7 and 183.4), typical carbon resonances of a 
naphthoquinone moiety (Higa et al., 1998). Finally, 1 was characterized as an 11-
hydroxymethyl derivative of 3. Because 1 and 3 possessed similar specific rotations, 
they would have the same absolute configurations at C-6 and C-7. The relative 
configuration of the 1,2-diol in 1 and 3 was determined by converting 3 which was 
obtained in sufficient amount to its acetonide derivative 14. In accordance with 
literature precedents (McCulloch et al., 2009; Isaka et al., 2010; Shao et al., 2011), the 
relatively dissimilar 13C chemical shifts of the acetonide methyl groups (�C 24.3 and 
26.2) suggested the syn configuration of the 1,2-diol. An attempt to determine the 
absolute configurations of chiral centers C-6 and C-7 was pursued using the Mosher’s 
method (Ohtani et al., 1991). Compound 3 was converted to its (R)- and (S)-MTPA 
ester derivatives. Because of overlapping signals of H-6 and H-7 and those of Hab-5 and 
Hab-8 in both esters, the absolute configurations at C-6 and C-7 remained unidentified. 
Attempts to determine the absolute configurations of 3 by the exciton chirality method 
(Harada and Nakanishi, 1972) were unsuccessful since conversions of 3 to its 
dibenzoate ester led to the undesired aromatized product, pachybasin 7. However, 
comparison of the specific rotation of 14, [�]D

26 –13.7 (c 0.64, CHCl3), with that of (–)-
(6R,7S)-6,7-(isopropylidenedioxy)-5,6,7,8-tetrahydro-1-naphthol,  [�]D –22.8 (c 0.64, 
CHCl3) (Back et al., 2004), indicated that they should have the same absolute 
configurations. Consequently, the absolute configurations at C-6 and C-7 in 1 and 3, 
corresponding to C-7 and C-6 in 14, were proposed to be S and R, respectively. 

Trichodermaxanthone (2) was isolated as a pale yellow gum. Its molecular 
formula was determined as C16H12O6 by HRTOFMS measurement calculated for 
C16H12O6Na. The UV absorption bands of the xanthone chromophore were found at 241, 
255, 273, 313 and 341 nm (dos Santos et al., 2000) while the IR spectrum exhibited 
absorption bands for a hydroxyl group at 3315 cm-1 and for two carbonyl groups at 1698 
and 1650 cm-1. One chelated hydroxy proton resonating at �H 13.17 (8-OH) exhibited 
HMBC correlations to C-7 (�C 98.0), C-8 (�C 163.9) and C-8a (�C 102.7) (Table II). One 
of meta-coupled aromatic protons (�H 6.19, d, J = 2.1 Hz) was thus assigned as H-7 
because it showed an HMQC correlation with C-7. The other meta-coupled aromatic 
proton (�H 6.34, d, J = 2.1 Hz) was then identified as H-5. This was confirmed by its 3J
HMBC correlations with C-7 and C-8a. Two remaining meta-coupled aromatic protons 
at �H 6.80 (d, J = 2.4 Hz) and 6.69 (d, J = 2.4 Hz) were assigned as H-4 and H-2, 
respectively, on the basis of their HMBC correlations: H-2/C-4 (�C 101.6) and C-9a (�C
111.5) and H-4/C-2 (�C 117.7) and C-9a. The presence of a 2-propanoyl unit was 
established based on the HMBC correlations from both methylene (H2-11, �H 4.28) and 
methyl (H3-13, �H 2.27) protons to a ketone carbonyl carbon at �C 203.4 (C-12). This 
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unit was connected to the xanthone skeleton at C-1 (�C 140.1) on the basis of the 
HMBC correlations from H2-11 to C-1 and C-2 as well as the appearance of H2-11 at 
lower field due to an anisotropic effect of the xanthone carbonyl group. Based on the 
carbon chemical shifts of C-3 (�C 162.9) and C-6 (�C 165.0), the substituents at these 
carbons must be hydroxyl groups. Consequently, 2 was identified as a new xanthone. 

The crude ethyl acetate extracts from the culture broth and mycelia and the 
crude hexane extract from the mycelia were screened for their antibacterial activity. The 
mycelial ethyl acetate extract (CE) exhibited better antibacterial activity against SA than 
the broth ethyl acetate (BE) and mycelial hexane (CH) extracts (Table III). For MRSA, 
CE and CH displayed equal activity while BE exhibited much weaker activity. The 
isolated compounds 1, 3-7, 12 and 13 with enough quantity were subjected to the 
antibacterial activity testing against SA and MRSA (Table III). Most of the tested 
compounds exhibited better antibacterial activity against MRSA than SA while 
compounds 5 and 7 were inactive against both strains. Among them, compounds 3 and 
12 displayed the best activity with moderate and strong effect against SA and MRSA, 
respectively. Compound 12 was twofold more active than 3 against MRSA.  

Our results demonstrated that emodin (12) exhibited the antibacterial activity 
against SA and MRSA similar to those previously reported in the literature (Beattie et 
al., 2010). Among three anthraquinones (7, 12 and 13), 12 displayed strongest 
antibacterial activity against both strains. These antibacterial results suggested that both 
C-3 methyl and C-6 hydroxyl groups in the anthraquinone skeleton is necessary for the 
antibacterial activity against MRSA. Furthermore, the same pattern was observed 
between the tetrahydroanthraquinones 1 and 3 wherein 3, with the C-3 methyl group, 
was more active than 1 that possesses the hydroxymethyl group. 

ACKNOWLEDGEMENTS  
N.K. is grateful to the Thailand Research Fund (TRF) through the Royal Golden 

Jubilee Ph.D. program (Grant No. PHD/0231/2551) for a scholarship. The Center for 
Innovation in Chemistry (PERCH-CIC), the Office of Higher Education Commission 
and Prince of Songkla University are acknowledged for partial support. Finally, V.R. 
thanks the Office of Higher Education Commission and TRF for the Thailand Research 
Fund (TRF) Senior Research Scholar (Grant No. RTA5180007). 
REFERENCES 

Arunpanichlert, J., Rukachaisirikul, V., Sukpondma, Y., Phongpaichit, S., Tewtrakul, S., 
Rungjindamai, N., and Sakayaroj, J., Azaphilone and isocoumarin derivatives 
from the endophytic fungus Penicillium sclerotiorum PSU-A13. Chem. Pharm. 
Bull., 58, 1033-1036 (2010). 

Back, T. G., Bey, M. A., Parvez, M., and Pharis, R. P., Enantioselective synthesis of the 
individual stereoisomers of a brassinolide mimetic. Tetrahedron: Asymmetry, 
15, 873-880 (2004).  

Barnett, H. L., and Hunter, B. B., Illustrated genera of imperfect fungi. Prentice-Hall 
Inc., The American Phytopathological Society, USA, 1998. 

Beattie, K. D., Rouf, R., Gander, L., May, T. W., Ratkowsky, D., Donner, C. D., Gill, 
M., Grice, I. D., and Tiralongo, E., Antibacterial metabolites from Australian 
macrofungi from the genus Cortinarius. Phytochemistry, 71, 948-955 (2010). 

Che, Q.-M., Akao, T., Hattori, M., Kobashi, K., and Namba, T., Metabolism of aloesin 
and related compounds by human intestinal bacteria: a bacterial cleavage of the C-



¢

� 10

glucosyl bound and the subsequent reduction of the acetonyl side chain. Chem. 
Pharm. Bull., 39, 704-708 (1991). 

Clinical and Laboratory Standards Institute (CLSI). Reference method for dilution 
antimicrobial susceptibility tests for bacteria that grow aerobically. Approved 
Standard M7-A4. Clinical and Laboratory Standards Institute, Wayne, PA, (2002). 

Cohen, P. A., and Towers, G. H. N., Anthraquinones and phenanthroperylenequinones 
from Nephroma laevigatum. J. Nat. Prod., 58, 520-526 (1995). 

Cutler, H. G., Cutler, S. J., Ross, S. A., Sayed, K. E., Dugan, F. M., Bartlett, M. G., Hill, 
A. A., Hill, R. A., and Parker, S. R., Koninginin G, a new metabolite from 
Trichoderma aureoviride. J. Nat. Prod., 62, 137-139 (1999). 

dos Santos, M. H., Nagem, T. J., da Silva, M. C., and e Silva, L. G. F., Xanthones from 
Vismia latifolia. J. Braz. Chem. Soc. 11, 537-539 (2000). 

Drummond, A. J., and Waigh, R. D., The development of microbiological methods for 
phytochemical screening. Recent Res. Devel. Phytochem., 4, 143–152 (2000). 

Fujimoto, H., Nakamura, E., Okuyama, E., and Ishibashi, M., Six immunosuppressive 
features from an ascomycete, Zopfiella longicaudata, found in a screening study 
monitored by immunomodulatory activity. Chem. Pharm. Bull., 52, 1005-1008 
(2004). 

Garo, E., Starks, C. M., Jensen, P. R., Fenical, W., Lobkovsky, E., and Clardy, J., 
Trichodermamides A and B, cytotoxic modified dipeptides from the marine-
derived fungus Trichoderma virens. J. Nat. Prod., 66, 423-426 (2003). 

Harada, N., and Nakanishi, K., Exciton chirality method and its application to 
configurational and conformational studies of natural products. Acc. Chem. Res., 5, 
257-263 (1972). 

Higa, M., Ogihara K., and Yogi, S., Bioactive naphthoquinone derivatives from 
Diospyros maritima Blume. Chem. Pharm. Bull., 46, 1189-1193 (1998). 

Isaka, M., Chinthanom, P., Kongthong, S., Supothina, S., and Ittiworapong, P., 
Hamigeromycins C-G, 14-membered macrolides from the fungus Hamigera
avellanea BCC 17816. Tetrahedron, 66, 955-961 (2010). 

Kashiwada, Y., Nonaka, G.-I., and Nishioka, I., Studies on rhubarb (Rhei Rhizoma). V. 
Isolation and characterization of chromone and chromanone derivatives. Chem. 
Pharm. Bull., 32, 3493-3500 (1984). 

Kuo, S.-C., Chen, P.-R., Lee, S.-W., and Chen, Z.-T., Constituents of roots of Rubia 
lanceolata Hayata. J. Chin. Chem. Soc.-Taip., 42, 869-871 (1995). 

Liu, S.-Y., Lo, C.-T., Chen, C., Liu, M.-Y., Chen, J.-H., and Peng, K.-C.,¢ Efficient 
isolation of anthraquinone-derivatives from Trichoderma harzianum ETS 323. J. 
Biochem. Biophys. Methods, 70, 391-395 (2007).

McCulloch, M. W. B., Bugni, T. S., Concepcion, G. P., Coombs, G. S., Harper, M. K., 
Kaur, S., Mangalindan, G. C., Mutizwa, M. M., Veltri, C. A., Virshup, D. M., and 
Ireland, C. M., Carteriosulfonic acids A-C, GSK-3� inhibitors from a 
Carteriospongia sp. J. Nat. Prod., 72, 1651-1656 (2009). 

Ngoc, T. M., Minh, P. T. H., Hung, T. M., Thuong, P. T., Lee, I.-S., Min, B.-S., and Bae 
K.-H., Lipoxygenase inhibitory constituents from rhubarb. Arch. Pharm. Res., 31, 
598-605 (2008). 

Ohtani, I., Kusumi, T., Kashman, Y., and Kakisawa, H., High-field FT NMR 
application of Mosher's method.  The absolute configurations of marine terpenoids. 
J. Am. Chem. Soc., 113, 4092-4096 (1991). 



¢

� 11

Pruksakorn, P., Arai, M., Kotoku, N., Vilchèze, C., Baughn, A. D., Moodley, P., Jacobs, 
W. R. Jr., and Kobayashi, M., Trichoderins, novel aminolipopeptides from a 
marine sponge-derived Trichoderma sp., are active against dormant mycobacteria. 
Bioorg. Med. Chem. Lett., 20, 3658-3663 (2010). 

Ren, H., Tian, L., Gu, Q., and Zhu,W., Secalonic acid D; A cytotoxic constituent from 
marine lichen-derived fungus Gliocladium sp. T31. Arch. Pharm. Res., 29, 59-63 
(2006). 

Shao, C.-L., Wu, H.-X., Wang, C.-Y., Liu, Q.-A., Xu, Y., Wei, M.-Y., Qian, P.-Y., Gu, 
Y.-C., Zheng, C.-J., She, Z.-G., and Lin, Y.-C., Potent antifouling resorcylic acid 
lactones from the gorgonian-derived fungus Cochliobolus lunatus. J. Nat. Prod., 74, 
629-633 (2011). 
Song, F., Dai, H., Tong, Y., Ren, B., Chen, C., Sun, N., Liu, X., Bian, J., Liu, M., Gao, 

H., Liu, H., Chen, X., and Zhang, L., Trichodermaketones A-D and 7-O-
methylkoninginin D from the marine fungus Trichoderma koningii. J. Nat. Prod., 
73, 806-810 (2010). 

Wu, T.-S., Lin, D.-M., Shi, L.-S., Damu, A. G, Kuo, P.-C., and Kuo, Y.-H., Cytotoxic 
anthraquinones from the stems of Rubia wallichiana Decne. Chem. Pharm. Bull., 
51, 948-950 (2003). 

Yi, Y., Huo, J., Zhang, W., Li, L., Sun, P., Liu, B., and Tang, H., Reducing 
anthraquinone-like compounds with antimicrobial activity. Faming Zhuanli 
Shenqing, CN 101885676 (2010). 

¢



¢

� 12

9a
4a 4

19
8a
10a

10

8

5

O

O

OH

9a

4a 4

19
8a

10a
O

8

5

OOH

HO OH
O

OCH3

HO CH3

R

OH

R1

O

O

R1

4 R = =O
5 R = OH  1 R1 = CH2OH, R2 = R3 = OH

  3 R1 = CH3, R2 = R3 = OH

2

  6 R1 = CH2CH(OH)CH3, R2 = H, R3 = R4 = OH
  7 R1 = CH3, R2 = R3 = R4 = H
  8 R1 = OCH3, R2 = R3 = R4 = H
  9 R1 = CH3, R2 = OH, R3 = R4 = H
10 R1 = CH2OH, R2 = R3 = R4 = H
11 R1 = CH3, R2 = R3 = H, R4 = OH
12 R1 = CH3, R2 = H, R3 = R4 = OH
13 R1 = CH2OH, R2 = H, R3 = R4 = OH

R4

R3

11

13
CH3

O

11

R2

R3

R2

14 R1 = CH3, R2 + R3 =
O

O CH3

CH3

13

1412

R
S

Fig. 1. Structures of compounds 1-14 



¢

� 13

Table I. 
1H (300 MHz) and 13C (75 MHz) NMR data for trichodermaquinone (1) in 

acetone-d6

1

Position 1H 
� (mult., J, Hz) 

13C 
� (mult.) HMBC 

1 - 161.5 (C) - 
1-OH 12.12 (s) - C-1, C-2, C-9a 
2 7.26 (d, 1.2) 120.0 (CH) C-1, C-4, C-9a, C-11 
3 - 152.4 (C) - 
4 7.58 (d, 1.2) 116.3 (CH) C-2, C-9a, C-10, C-11 
4a - 132.3 (C) - 
5 2.80 (m) 28.4a (CH2) C-8a, C-10a 
 2.77 (m)   
6 4.05 (m) 67.4 (CH) C-8ac

7 4.05 (m) 67.4 (CH) C-10ac

8 2.80 (m) 29.1a (CH2) C-8a, C-10a 
 2.77 (m)   
8a - 143.4b (C) - 
9 - 189.7 (C) - 
9a - 113.6 (C) - 
10 - 183.4 (C) - 
10a - 141.8b (C) - 
11 4.74 (s) 62.9 (CH2) C-2, C-3, C-4 

a, b, c Interchangeable 
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Table II. 
1H (300 MHz) and 13C (75 MHz) NMR data for trichodermaxanthone (2) in 

acetone-d6

2 

Position 1H 
� (mult., J, Hz) 

13C 
� (mult.) HMBC 

1 - 140.1 (C) - 
2 6.69 (d, 2.4) 117.7 (CH) C-4, C-9a, C-11 
3 - 162.9 (C) - 
4 6.80 (d, 2.4) 101.6 (CH) C-2, C-3, C-4a, C-9a 
4a - 159.3 (C) - 
5 6.34 (d, 2.1) 93.3 (CH) C-6, C-7, C-8a, C-10a 
6 - 165.0 (C) - 
7 6.19 (d, 2.1) 98.0 (CH) C-5, C-6, C-8, C-8a 
8 - 163.9 (C) - 
8-OH 13.17 (s) - C-7, C-8, C-9a 
8a - 102.7 (C)  - 
9 - 181.4 (C) - 
9a - 111.5 (C) - 
10a - 157.3 (C) - 
11 4.28 (s) 49.5 (CH2) C-1, C-2, C-9a, C-12 
12 - 203.4 (C) - 
13 2.27 (s) 29.2 (CH3) C-12 
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Table III. Antibacterial activity against SA and MRSA of compounds 1, 3, 5-7, 12 and 13

Extract/ Compound Antibacterial (MIC, �g/mL) 
 SA MRSA
BEa 160 320 
CEb 80 80 
CHc 160 80 
1 -e) 200 
3 16 8 
4 -e 200 
5 -e -e

6 -e 16 
7 -e -e

12 16 4 
13 200 32 
Vancomycind 1 1 

aBE = ethyl acetate extract from culture broth 
bCE = ethyl acetate extract from mycelia 
cCH = hexane extract from mycelia 
dStandard control drug for antibacterial activity 
eInactive at the initial concentration of 200 �g/mL 
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ABSTRACT One new modiolin, microsphaerodiolin (1), and seven new phthalides, 
microsphaerophthalides A-G (2-8), together with 12 known compounds were isolated from the 
endophytic fungus Microsphaeropsis arundinis PSU-G18. Their structures were elucidated by 
spectroscopic methods. Known 1-(2,5-dihydroxyphenyl)-2-buten-1-one displayed significant antifungal 
activity against Microsporum gypseum SH-MU-4 with a MIC value of 8 �g/mL and moderate activity 
against Candida albicans and Cryptocoocus neoformans with the equal MIC value of 32 �g/mL. In 
addition, it displayed moderate antimalarial activity against Plasmodiun falciparum with an IC50 value 
of 9.63 �g/mL, and strong antioxidant activity with the IC50 value of 0.018 mg/mL. 
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The Microsphaeropsis genus is a rich source of bioactive compounds, such as the antibacterial 
microsphaerin D,1 the cytotoxic preussomerins E-I and 3'-O-demethylpreussomerin I2 and the antibiotic 
TAN-1496s A, C and E.3 During our ongoing search for bioactive compounds from Garcinia-associated 
endophytic fungi, the ethyl acetate extracts from the culture broth and mycelia of the endophytic fungus 
Microsphaeropsis arundinis PSU-G18 isolated from the leaves of G. hombroniana exhibited 
antioxidant (in the DPPH assay) and antifungal (against Microsporum gypseum SH-MU-4) activities. 
We describe herein the isolation and structural elucidation of one new modiolin, microsphaerodiolin (1),  
and seven new phthalides, microsphaerophthalides A-G (2-8), along with 12 known compounds: 4-
hydroxybenzoic acid,4 modiolin (9),5 deoxycyclopaldic acid (10),6 5,7-dihydroxy-4,6-dimethyl-1(3H)-
isobenzofuranone (11),7 5-hydroxy-7-methoxy-4-(methoxymethyl)-6-methylisobenzofuran-1(3H)-one
(12),7 5-hydroxy-7-methoxy-4,6-dimethylphthalide (13),8 7-methoxy-3,4,5,6-tetramethylphthalide (14),9
sclerin (15),10 6-hydroxy-2-methyl-4-chromanone (16),11 modiolide B (17),5 sclerotinin A (18),12 and 1-
(2,5-dihydroxyphenyl)-2-buten-1-one (19).13 In addition, the biological activities, including antioxidant, 
antifungal, antibacterial and antimalarial activities, of the isolated metabolites are described in this 
paper. 

RESULTS AND DISCUSSION  
The EtOAc extracts from the culture broth and mycelia of the fungus M. arundinis PSU-G18 was 

purified upon chromatographic techniques to yield eight new compounds, one modiolin derivative (1) 
and seven phthalides (2-8), along with twelve known compounds including five phthalides (10-14), two 
phenols (4-hydroxybenzoic acid and 19), two modiolin derivatives (9 and 17), two 3,4-
dihydroisocoumarins (15 and 18) and one chromanone (16). The new phthalide derivatives can be 
divided into four groups based on a substituent at C-3 of the �-lactone ring: a nonsubstituted (2 and 3), 
3-ethoxy (4, 5 and 6) and 3-methoxy (7 and 8) lactone rings. This is the first report on the isolation of 
phthalide derivatives from the Microsphaeropsis genus.  

Microsphaerodiolin (1) obtained as a colorless gum had the molecular formula C12H18O3 by 
HREIMS. It exhibited UV absorption bands at 211 and 288 nm while conjugated ester and ketone 
carbonyl absorption bands were found at 1723 and 1668 cm-1, respectively, in the IR spectrum. The 1H 
NMR spectrum contained signals for one ethoxyl group (�H 4.09, 2H, q, J = 7.2 Hz and 1.20, 3H, t, J = 
7.2 Hz), two trans-olefinic protons (�H 7.28, dd, J = 15.0, 11.4 Hz and 5.91, dt, J = 15.0, 7.2 Hz, each 
1H), two cis-olefinic protons (�H 6.44, t and 5.49, d, each 1H, J = 11.4 Hz), three sets of equivalent 
methylene protons (�H 2.35, t, J = 7.2 Hz, 2.12, m and 1.64, qn, J = 7.2 Hz, each 2H) and methyl protons 
of an acetyl group (�H 2.04, 3H, s). The 13C NMR spectrum showed one ketone carbonyl (�C 209.5), one 
ester carbonyl (�C 166.5), four olefinic methine (�C 144.8, 144.0, 127.7 and 116.1), four methylene 
carbons (�C 59.9, 42.8, 32.2 and 22.7) and two methyl (�C 30.0 and 14.3) carbons. In the 1H-1H COSY 
spectrum, H2-7 (�H 1.64) were coupled with H2-8 (�H 2.35) and H2-6 (�H 2.12) which were further 
coupled with one of the trans-olefinic protons (H-5, �H 5.91) (Figure 1). In addition, the remaining 
trans-olefinic proton (H-4, �H 7.28) was coupled with one of cis-olefinic protons (H-3, �H 6.44). These 
data revealed the presence of a cis,trans-1,3-heptadiene unit. Irradiation of H-5 in the NOEDIFF 
experiment affected the intensity of H-3 and H2-6 signals (Figure 1), indicating s-trans configuration of 
a C-3�C-4 bond. The cis-olefinic moiety of the diene unit and the ethoxyl group were linked together 
with the ester carbonyl carbon, C-1 (�C 166.5), according to the 3J HMBC cross peaks of H-3 and H2-12 
(�H 4.09) with C-1 (Figure 1). The other end of the heptadiene unit was linked with the acetyl group on 
the basis of the HMBC cross peaks of H2-7 and H3-10 (�H 2.04) with C-9 (�C 209.5). Consequently, 1 

was identified as a s-trans-9-oxomodiolin derivative. 
Microsphaerophthalide A (2) was isolated as a colorless gum with the molecular formula C13H16O5 

by HREIMS, requiring six degrees of unsaturation. It exhibited UV absorption bands at 261 and 294 nm 
while the IR spectrum displayed absorption bands for a hydroxyl group and a �-lactone ring at 3365 and 
1756 cm-1, respectively. The 1H NMR spectrum (Table 1) contained signals for one hydroxy proton (�H 

8.65, 1H, s), two equivalent oxymethylene protons (�H 5.09, 2H, s), one ethoxymethyl group (�H 4.63, s, 
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2H, 3.67, 2H, q, J = 7.2 Hz and 1.32, 3H, t, J = 7.2 Hz), one methoxyl group (�H 4.04, 3H, s) and one 
methyl group (�H 2.17, 3H, s). The 13C NMR spectrum (Table 1) showed one ester carbonyl (�C 168.8), 
six quaternary aromatic (�C 161.3, 158.2, 144.3, 119.9, 110.5 and 108.4), three methylene (�C 67.7, 67.3 
and 67.2), one methoxy (�C 62.2) and two methyl (�C 15.0 and 8.4) carbons. The ethoxymethyl group 
was established according to the HMBC correlations of H2-8 (�H 4.63) with C-10 (�C 67.2) of an ethoxyl 
group (Figure 2). These oxymethylene protons also gave cross peaks with C-3a (�C 144.3), C-4 (�C

110.5) and C-5 (�C 161.3) while 6-Me (�H 2.17) showed cross peaks with C-5, C-6 (�C 119.9) and C-7 
(�C 158.2). These data together with a HMBC correlation of 7-OMe (�H 4.04) with C-7 (Figure 2) and 
the chemical shift of C-5 constructed an aromatic ring bearing the ethoxymethyl, hydroxyl, methyl and 
methoxyl groups at C-4, C-5, C-6 and C-7, respectively. Accordingly, the hydroxyl signal resonating at 
�H 8.65 belonged to 5-OH. This assignment was confirmed by the HMBC correlations from 5-OH to C-
4, C-5 and C-6. Signal enhancement of 6-Me and 5-OH upon irradiation of 7-OMe and H2-8, 
respectively, in the NOEDIFF experiments (Figure 2) supported the assigned locations of all substituents 
on the aromatic ring. In addition, a phthalide skeleton with the attachment of the �-lactone carbonyl 
group at C-7a (�C 108.4) was established on the basis of the HMBC cross peaks from H2-3 (�H 5.09) to 
C-1 (�C 168.8), C-3a, C-4 and C-7a, the IR absorption band at 1756 cm-1 and the requirement of six 
degrees of unsaturation for 2.  Consequently, microsphaerophthalide A had the structure 2.

Microsphaerophthalide B (3) with a molecular formula of C11H10O5 assigned by HREIMS, was 
obtained as a colorless gum. The UV spectrum was similar to that of 2 with an additional absorption 
band at 361 nm. The IR spectrum showed an additional absorption band for an aldehyde functional 
group at 1725 cm-1. The 1H NMR data (Table 1) were similar to those of 2 except for the replacement of  
the 5-OH and the ethoxymethyl signals in 2 with signals for a chelated hydroxy proton (�H 12.20, s) and 
an aldehyde proton (�H 9.85, s) in 3. The chelated hydroxyl group was placed at C-7 (�C 166.9), peri 
position to the carbonyl group, while the the aldehyde moiety was located at C-4 (�C 110.5) according to 
the 3J HMBC correlations of the aldehyde proton with C-3a (�C 152.3) and C-5 (�C 164.0). The 
attachment of the methoxyl group at C-5 was established on the basis of the 3J HMBC correlation from 
5-OMe (�H 4.15) to C-5. Consequently, the structure 3 was assigned for microsphaerophthalide B.

Microsphaerophthalide C (4) obtained as a colorless gum had the molecular formula C13H14O6 by 
HREIMS. The UV and IR spectra were similar to those of 3. The 1H NMR data of 3 and 4 (Tables 2 and 
3) were also similar except that the signal for the oxymethylene protons (H2-3) in 3 was replaced by that 
of a dioxymethine proton (H-3, �H 6.52) in 4. In addition, 4 displayed additional proton signals for one 
ethoxyl group (�H 4.06, dq, J = 10.0 and 7.5 Hz and 3.92, dq, J = 10.0 and 7.5 Hz, each 1H, and �H
1.36, 3H, t, J = 7.5 Hz). The disappearance of the oxymethylene carbon as well as the presence of a 
dioxymethine carbon (�C 99.0) and ethoxyl carbons (�C 65.9 and 15.1) in the 13C NMR spectrum 
supported the 1H NMR data. Thus, the dioxymethine proton was attributed to H-3. The 3J HMBC 
correlations from H-3 and H2-9 (�H 4.06 and 3.92) to C-9 (�C 65.9) and C-3 (�C 99.0), respectively, 
linked the ethoxyl group at C-3 of the phthalide unit. This assignment was supported by signal 
enhancement of H-3 after irradiation of either H2-9 or H-11 in the NOEDIFF experiment. Therefore, 4
was elucidated as a 3-ethoxyl derivative of 3.        

Microsphaerophthalide D (5) was obtained as a colorless gum and its molecular formula was 
determined as C14H18O6 by HREIMS. The 1H NMR data (Table 2) were similar to those of 4 except for 
the replacement of the signal for the aldehyde proton in 4 with signals for a methoxymethyl group (H2-
11, �H 4.81 and 4.66, each 1H, d, J = 12.9 Hz and H3-13, �H 3.50, 3H, s). The 3J HMBC cross peaks of 
H2-11 with C-3a (�C 142.6) and C-5 (�C 161.9) confirmed this conclusion. The appearance of a hydroxy 
proton at �H 8.70, typical signal for 5-OH in the phthalide, indicated the locations of hydroxyl and 
methoxyl groups at C-5 and C-7 (�C 158.0), respectively, identical to those in 1. The 3J HMBC cross 
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peaks of 5-OH with C-4 (�C 112.4) and C-6 (�C 121.6) and that of 7-OMe (�H 4.04, s) with C-7 
supported this assignment. Consequently, microsphaerophthalide D had the structure 5.  

Microsphaerophthalide E (6) had a molecular formula of C15H20O6 by HREIMS. The 1H NMR data 
(Table 2) indicated that the signals for the methoxymethyl protons in 5 was replaced by signals of an 
ethoxymethyl group (H2-10, �H 4.85 and 4.70, each 1H, d, J = 13.2 Hz, H2-13, �H 3.67, q, J = 7.2 Hz and 
H3-14, �H 1.30, t, J = 7.2 Hz) in 6. The 3J HMBC cross peaks of H2-11 with C-3a (�C 143.3) and C-5 (�C

162.9) linked this ethoxymethyl group at C-4 (�C 113.6) of the phthalide unit. Therefore, 6 was 
identified as a new phthalide derivative.   

Microsphaerophthalide F (7) had the molecular formula C13H16O6, assigned by HREIMS. The 1H 
NMR data (Table 3) were similar to those of 5 except that signals of the ethoxyl group at C-3 (�C 100.4) 
in 5 were replaced by signal for a methoxyl group (H3-9, �H 3.55) in 7. The 3J HMBC cross peaks of H3-
9 with C-3 and signal enhancement of these methyl protons after irradiation of H-3 (�H 6.11) in the 
NOEDIFF experiment confirmed the location of the methoxyl group at C-3. Therefore, 7 was a 3-
methoxyl derivative of 5.        

Microsphaerophthalide G (8) was obtained as a colorless gum. Its molecular formula was determined 
as C15H18O6 by HREIMS. The 1H NMR data of 8 (Table 3) differed from those of 7 in the presence of 
two methoxyl signals (�H 4.03 and 3.60), instead of three methoxyl signals in 7, and  two additional 
methyl signals (H3-13, �H 1.59 and H3-14, �H 1.57) in 8. The 3J HMBC cross peaks from H2-10 (�H 4.95 
and 4.75, each 1H, d, J = 15.5 Hz), H3-13 and H3-14 to C-12 (�C 101.0) together with the absence of the 
5-OH signal established a fused six membered ring at C-4 (�C 110.2) and C-5 (�C 155.7) of the phthalide 
skeleton. Consequently,the structure 8 was assigned for microsphaerophthalide G. 

The absolute configurations at C-3 of all isolated phthalides were assigned by comparison of their 
specific rotations with those of previously reported phthalides. In general, the 3S-and 3R-phthalides 
showed negative and positive specific rotations, respectively.14-15 Due to the negative signs of the 
specific rotation of all isolated phthalides, all new and known phthalides would have S configurations at 
C-3. 

The broth and mycelial extracts of M. arundinis PSU-G18 displayed antifungal activity against M. 
gypseum with equal MIC values of 128 �g/mL. For antioxidant activity with DPPH assay, the latter 
extract showed an IC50 value of 0.73 mg/mL, stronger than that of the broth extract (IC50 value of 2.0 
mg/mL). Compounds 10, 12-16, 18 and 19, obtained in sufficient amount, were evaluated for 
antioxidant, antibacterial (against Staphylococcus aureus and methicillin-resistant S. aureus), antifungal 
(against M. gypseum SH-MU-4, Candida albicans NCPF 3153 and Cryptococcus neoformans ATCC
90113) and antimalarial (against Plasmodiun falciparum) activities. All of them were inactive against 
both bacterial strains at the concentration of 200 �g/mL. Compounds 2, 5, 6 and 11 were tested for only 
antifungal activity due to the paucity of materials. Compound 19 exhibited significant antifungal activity 
with the MIC values of 8 �g/mL, 32 �g/mL and 32 �g/mL against M. gypseum SH-MU-4, C. albicans 
and C. neoformans, respectively, as well as moderate antimalarial activity with an IC50 value of 9.63 
�g/mL. It also displayed strong radical scavenging potency with the IC50 value of 0.018 mg/mL. 
Compounds 2 and 15 were moderately active against M. gypseum SH-MU-4 with equal MIC values of 
64.0 �g/mL whereas 6 exhibited moderate antifungal activity against C. neoformans with the MIC value 
of 64 �g/mL. In addition, 6 showed mild activity against M. gypseum with the MIC value of 200 �g/mL. 
The remaining compounds were inactive for all tests. 

EXPERIMENTAL SECTION 

General Experiment Procedure. Optical rotations were measured using a JASCO P-1020 
polarimeter. Infrared spectra (IR) were recorded on a Perkin Elmer 783 FTS165 FT-IR spectrometer. 
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Ultraviolet (UV) spectra were measured in MeOH on a SHIMADZU UV-160A spectrophotometer. 1H- 
and 13C NMR, along with 2D NMR spectra, were recorded on 300 or 500 MHz Bruker FT-NMR Ultra 
Shield spectrometer. Mass spectra were obtained on a MAT 95 XL Mass Spectrometer (Thermo 
Finnigan). Column chromatography (CC) was carried out on Sephadex LH-20 or silica gel (Merck) type 
100 (70-230 Mesh ASTM). 

Fungal Material and Identification. The endophytic fungus M. arundinis PSU-G18 was isolated 
from the leaves of G. hombroniana, collected in Songkhla Province, Thailand, in 2006. This fungus was 
deposited as PSU-G18 at the Department of Microbiology, Faculty of Science, Prince of Songkla 
University, and as BCC 35875 in the BIOTEC Culture Collection, National Center for Genetic 
Engineering and Biotechnology, Thailand. 

The fungus did not produce any conidia or spores. Consequently, it was identified based on the 
analysis of the DNA sequences of the internal transcribed spacer (ITS1-5.8S-ITS2) regions of its 
ribosomal RNA gene. Its ITS sequence (GenBank accession no. HM049172) matched with 
Microsphaeropsis arundinis EF094551 sequence from GenBank with sequence identity of 99.1%. This 
endophytic fungus was then identified as M. arundinis. 

Fermentation, Extraction and Isolation. The broth ethyl acetate (5.50 g) and mycelial (0.50 g) 
extracts were prepared using the same procedure as previously described16 and were combined because 
of their similar 1H NMR signals. The combined extracts were purified by various chromatographic 
techniques to give compounds 1 (1.7 mg), 2 (2.5 mg), 3 (1.5 mg), 4 (1.4 mg), 5 (2.3 mg), 6 (3.9 mg), 7 

(1.5 mg), 8 (1.3 mg) and 12 other known compounds. Details of isolation are described in the 
Supporting Information. 

Microsphaerodiolin (1): colorless gum; UV (MeOH) �max (log �) 211 (4.11), 288 (3.47) nm; FT-IR 
(neat) 	max 1723, 1668 cm-1; 1H NMR (CDCl3, 300 MHz) �H 7.28 (1H, dd, J = 15.0 and 11.4 Hz, H-4),
6.44 (1H, t, J = 11.4 Hz, H-3), 5.91 (1H, dt, J = 15.0 and 7.2 Hz, H-5), 5.49 (1H, d, J = 11.4 Hz, H-2), 4.09 
(2H, q, J = 7.2 Hz, H-12), 2.12 (2H, m, H-6), 2.35 (2H, t, J = 7.2 Hz, H-8), 2.04 (3H, s, Me-10), 1.64 (2H, 
qn, J = 7.2 Hz, H-7), 1.20 (3H, t, J = 7.2 Hz, Me-13); 13C NMR (CDCl3, 75 MHz) �C 209.5 (C-9), 166.5 
(C-1), 144.8 (C-3), 144.0 (C-5), 127.7 (C-4), 116.1 (C-2), 59.9 (C-12), 42.8 (C-8), 32.2 (C-6), 30.0 (C-10), 22.7 
(C-7), 14.3 (C-13); HREIMS m/z [M]+ 210.1257 (calcd for C12H18O3, 210.1256).

Microsphaerophthalide A (2): colorless gum; UV (MeOH) �max (log �) 261 (3.75), 294 (3.16) nm; FT-
IR (neat) 	max 3365, 1756 cm-1; 1H NMR (CDCl3, 300 MHz) and 13C NMR (CDCl3, 75 MHz) spectra, 
see Table 1; HREIMS m/z [M]+ 252.0999 (calcd for C13H16O5, 252.0998). 

Microsphaerophthalide B (3): colorless gum; UV (MeOH) �max (log �) 260 (3.98), 291 (3.89), 361 
(2.30) nm; FT-IR (neat) 	max 3371, 1765, 1725 cm-1; 1H NMR (CDCl3, 300 MHz) and 13C NMR 
(CDCl3, 75 MHz) spectra, see Table 1; HREIMS m/z [M]+ 222.0528 (calcd for C11H10O5, 222.0528). 

Microsphaerophthalide C (4): colorless gum; [�]D
28 -17.6 (c 0.11, CHCl3); UV (MeOH) �max (log �) 

261 (3.01), 289 (2.75), 368 (2.01) nm; FT-IR (neat) 	max 3413, 1759, 1738 cm-1; 1H NMR (CDCl3, 500 
MHz) and 13C NMR (CDCl3, 125 MHz) spectra, see Table 2; HREIMS m/z [M]+ 266.0797  (calcd for 
C13H14O6, 266.0790).  

Microsphaerophthalide D (5): colorless gum; [�]D
28 -13.4 (c 0.11, CHCl3); UV (MeOH) �max (log �) 

263 (3.27), 297 (2.12) nm; FT-IR (neat) 	max 3317, 1760 cm-1; 1H NMR (CDCl3, 300 MHz) and 13C 
NMR (CDCl3, 75 MHz) spectra, see Table 2; HREIMS m/z [M]+ 282.1107 (calcd for C14H18O6, 
282.1103).  

Microsphaerophthalide E (6): colorless gum; [�]D
28 -22.4 (c 0.11, CHCl3); UV (MeOH) �max (log �) 

259 (3.36), 297 (2.12) nm; FT-IR (neat) 	max 3281, 1762 cm-1; 1H NMR (CDCl3, 300 MHz) and 13C 
NMR (CDCl3, 75 MHz) spectra, see Table 2; HREIMS m/z [M]+ 296.1262 (calcd for C15H20O6, 
296.1260).  

Microsphaerophthalide F (7): colorless gum; [�]D
28 -17.8 (c 0.11, CHCl3); UV (MeOH) �max (log �) 

263 (2.85), 305 (2.35) nm; FT-IR (neat) 	max 3300, 1764 cm-1; 1H NMR (CDCl3, 500 MHz) and 13C 
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NMR (CDCl3, 125 MHz) spectra, see Table 3; HREIMS m/z [M]+ 268.0938  (calcd for C13H16O6, 
268.0947).  

Microsphaerophthalides G (8): colorless gum; [�]D
28 -40.9 (c 0.16, CHCl3); UV (MeOH) �max (log �) 

264 (3.18), 290 (2.25) nm; FT-IR (neat) 	max 3394, 1768 cm-1; 1H NMR (CDCl3, 300 MHz) and 13C 
NMR (CDCl3, 75 MHz) spectra, see Table 3; HREIMS m/z [M]+ 294.1105 (calcd for C15H18O6, 
294.1103).  

Free Radical Scavenging Activity. Free radical scavenging activity in the DPPH assay was carried 
out according to the procedure described by Yen and Hsieh.17 The standard compound used was 2,6-di-
tert-butyl-4-hydroxytoluene (BHT) (IC50 0.02 mg/mL).  

Antimicrobial Assays Using a Colorimetric Broth Microdilution Test. Antimicrobial activity was 
evaluated as described by the Clinical and Laboratory Standards Institute18-20 and Drummond and 
Waigh.21 Vancomycin, amphotericin B and miconazole were used as positive controls for S. aureus and
MRSA, C. albicans and C. neoformans, and M. gypseum, respectively. Vancomycin, amphotericin B 
and miconazole exhibited the MIC values of 1, 0.25 and 1 �g/ml, respectively. 

Antimalarial Assay. The activity was determined against the parasite P. falciparum (K1, multidrug-
resistant strain), using the microculture radioisotope technique based on the method described.22 The 
standard compound was dihydroartimisinin (IC50 0.0012 �g/mL).
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Table 1.  1H and 13C NMR Data for Microsphaerophthalides A (2) and B (3)  

2 3

Position �C �H m (J in Hz) �C �H m (J in Hz) 

1 168.8, C 166.9, C

3 67.3, CH2 5.09, s 66.7, CH2 5.45, s

3a 144.3, C 152.3, C

4 110.5, C 109.0, C

5 161.3, C 164.0, C

5-OH 8.65, s

5-OMe 62.9, CH3 4.15, s

6 119.9, C 120.0, C

6-Me 8.4, CH3 2.17, s 8.0, CH3 2.10, s

7 158.2, C 166.9, C

7-OH 12.20, s

7-OMe 62.2, CH3 4.04, s

7a 108.4, C 110.3, C

8 67.7, CH2 4.63, s 189.9, CH 9.85, s

10 67.2, CH2 3.67, q (7.2)

11 15.0, CH3 1.32, t (7.2)
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Table 2.  1H and 13C NMR Data for Microsphaerophthalides C (4), D (5) and E (6)  

4 5 6

Position �C �H m (J in Hz) �C �H m (J in Hz) �C �H m (J in Hz) 

1 165.0, C 167.0, C 167.3, C

3 99.0, CH 6.52, s 99.6, CH 6.17, s 100.5, CH 6.16 (s)

3a 157.3, C 142.6, C 143.3, C

4 111.4, C 112.4, C 113.6, C

5 162.9, C 161.9, C 162.9, C

5-OH 8.70, s 8.96 (s)

5-OMe 63.0, CH3 4.23, s

6 121.8, C 121.6, C 122.5, C

6-Me 8.1, CH3 2.19, s 8.5, CH3 2.16, s

7 167.0, C 158.0, C 158.8, C

7-OH 12.25, s

7-OMe 62.2, CH3 4.04, s 63.0, CH3 4.03, s

7a 111.4, C 109.2, C 110.0, C

9 65.9, CH2 4.06, dq (10.0, 7.5) 64.9, CH2 3.91, dq (9.3, 7.2) 65.8, CH2 3.90, dq ( 9.3, 7.2)

¢ 3.92, dq (10.0, 7.5) 3.79, dq (9.3, 7.2) 3.78, dq ( 9.3, 7.2)

10 15.1, CH3 1.36, t (7.5) 15.1, CH3 1.30, t (7.2) 16.0, CH3 1.30, t (7.2)

11 191.8, CH 10.12, s 69.2, CH2 4.81, d ( 12.9) 68.2, CH2 4.85, d (13.2)

4.66, d ( 12.9) 4.70, d (13.2)

13 58.72, CH3 3.50, s 67.8, CH2 3.67, q (7.2)

14 15.8, CH3 1.30, t (7.2)
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Table 3.  1H and 13C NMR Data for Microsphaerophthalides F (7) and G (8)  

7 8

Position �C �H m (J in Hz) �C �H m (J in Hz)¢

1 165.0, C 166.5, C

3 100.4, CH 6.11, s 100.4, CH¢ 6.08, s

3a 142.0, C 140.0, C

4 112.0, C 110.2, C

5 162.0, C 155.7, C

5-OH 8.74, s

6 122.0, C 122.1, C

6-Me 8.5, CH3 2.16, s 8.3, CH3 2.11, s

7 158.0, C 156.4, C

7-OMe 62.2, CH3¢ 4.04, s 62.2, CH3 4.03, s

7a 109.0, C 109.9, C

8

9 55.8, CH3 3.55, s 55.9, CH3 3.60, s

10 69.4, CH2 4.79, d (13.0) 57.9, CH2 4.95, d (15.5)

4.65, d (13.0) 4.75, d (15.5)

11

12 58.8, CH3 3.51, s 101.0, C

13 25.5, CH3 1.59, s

14 ¢ 24.3, CH3 1.57, s



13

Figure 1. selected 1H-1H COSY (     ), HMBC (      ) and NOEDIFF (      ) data of 1. 
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                Figure 2. Selected HMBC (      ) and NOEDIFF (     ) data of 2 and 8. 
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Abstract�
 One new tyrosol derivative, xylarosol (1), and one new sesquiterpene, 
xylariterpenes (2), were  isolated from the broth extract of the endophytic fungus 
Xylaria sp. PSU-STD70 along with six known compounds, cytochalasin  D (3), 5-
methoxycarbonylmellein  (4), (R)-(-)-mellein methyl ether (5), tyrosol (6), 1,6-dihydroxy-3-
methoxy-8-methylxanthone (7) and 5-carboxymellein (8).�The structures were assigned by 
spectroscopic methods. All compounds were tested for antimicrobial activity against 
Staphylococcus aureus, methicillin-resistant S. aureus and Microsporum gypseum.    

Keywords: Xylaria sp.; tyrosol; mellein; antmicrobial activity 

1. Introduction 

 Fungi belonging to the genus Xylaria are a source of bioactive metabolites. 
These include the cytotoxic hydroxycamptothecins1, the antibacterial cytochalasins2 and 
the cytotoxic tetralones3.�The ethyl acetate extracts from the culture broth and mycelia 
of Xylaria sp. PSU-STD70 isolated from midribe of a mangrove Avicennia alba Bl. 
exhibited very mild antimicrobial activities against Staphylococcus aureus (SA), 
methicillin-resistant SA and Microsporum gypseum. We describe herein the isolation 
and structural elucidation of�one new tyrosol derivative, xylarosol (1) and one new 
sesquiterpenes, xylariterpene (2), along with six known compounds, cytochalasin D 
(3),4 5-methoxycarbonylmellein  (4),5 (R)-(-)-mellein methyl ether (5),6 tyrosol 6),7 1,6-
dihydroxy-3-methoxy-8-methylxanthone (7)8 and 5-carboxymellein (8)5.�All isolated 
compounds were tested for antimicrobial activity against SA, MRSA and Microsporum 
gypseum. 

2. Results and Discussion

The crude extracts from the culture broth and mycelia of the fungus PSU-STD70 
were purified using various chromatographic techniques. Compounds 1-7 were obtained 
from the broth extract while the mycelial extract provided compounds 4-5 and 8. Their 
structures were assigned by spectroscopic methods. For known compounds, their NMR 
data as well as specific rotations were compared with those previously reported. 

Xylarosol (1) was obtained as a yellow gum with [�]D
28 -0.72 (c 0.90, MeOH). 

The UV spectrum showed absorption bands at 224, 277 and 284 nm, indicating the 
presence of a benzene chromophore. Its IR spectrum showed an absorption band at 3370 
cm-1 for a hydroxyl group. The HREI-MS showed the molecular formula C13H18O3. The 
1H NMR spectrum (Table 1) showed signals for four aromatic protons of a para-
disubstituted benzene [�H 7.15 (d, J = 8.7 Hz, 2H) and 6.88 (d, J = 8.7 Hz, 2H)], one 
oxymethine proton (�H 4.47, dd, J = 8.1 and 3.3 Hz, 1H), two oxymethylene groups [�H
4.04 (dd, J = 9.6 and 3.3 Hz, 1H), 3.91 (dd, J = 9.6 and 3.3 Hz, 1H) and 3.83 (t, J = 6.6 
Hz, 2H)], two gem olefinic protons (�H 5.15, brs and 5.01, brd, J = 0.6 Hz, each 1H), 
one methylene group (�H 2.82, t, J = 6.6 Hz, 2H), and one methyl group (�H 1.82, s). 
The 13C NMR spectrum showed 11 signals for 13 carbons supporting the presence of 
para-disubstituted benzene in the 1H NMR data. In the 1H-1H COSY spectrum, the 
methylene protons, H2-1�� (�H 2.82), were coupled with the oxymethylene protons, H2-2��
(�H 3.83), indicating the presence of a hydroxyethyl unit. This unit was attached at C-4�
(�C 131.1) on the basis of HMBC correlations from H2-1�� to C-3��(�C 130.1), C-4� and C-
5� (�C 130.1). In addition, the 1H-1H COSY spectrum revealed that the oxymethylene 
protons, Hab-1 (�H 4.04 and 3.91), were coupled with the oxymethine proton, H-2 (�H
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4.47). The methyl protons, H3-5 (�H 1.82), and gem-olefinic protons, Hab-4 (�H 5.15 and 
5.01), showed cross peaks in the HMBC spectrum with C-2 (�C 73.6) and C-3 (�C
143.4), thus constructing a 1,2-dioxy-3-methyl-3-butenyl side chain. The attachment of 
this side chain at C-1� (�C 157.3) of the 1,4-disubstituted benzene through an ether 
linkage was established according to the3J HMBC correlation from Hab-1 to C-1�. The 
substituent at C-2 (�C 73.6) must be a hydroxyl group according to its 13C chemical 
shift. Therefore, xylarosol (1) was determined as a new naturally occurring tyrosol
derivative. 
  

Xylariterpene (2) was obtained as a colorless gum with [�]D
28 0.76 (c 2.5, 

MeOH). The UV spectrum showed absorption bands at �max 201 and 223 nm. The IR 
spectrum exhibited an absorption band at 3402 cm-1 for a hydroxyl group. The 1H NMR 
spectrum (Table 2) displayed typical signals for one set of nonequivalent oxymethylene 
protons [�H 3.50 (d, J = 11.0 Hz, 1H) and 3.35 (d, J = 11.0 Hz, 1H)], five sets of 
nonequivalent methylene protons [�H 2.33 (dd, J = 14.0, 6.5 Hz, 1H)/1.28 (m, 1H), 2.08 
(dd, J = 13.5, 5.0 Hz, 1H)/1.60 (m, 1H), 1.88 (m, 1H)/1.65 (m, 1H), 1.85 (m, 1H)/1.29 
(m, 1H) and 1.45 (m, 1H)/1.37 (m, 1H)], three methine protons [�H 2.53 (m, 1H), 1.82 
(m, 1H) and 1.77 (m, 1H)] and three methyl groups [�H 1.26 (s, 3H), 1.04 (s, 3H) and 
0.87 (d, J = 7.0 Hz, 3H)]. The 13C NMR spectrum (Table 2) showed three 
oxyquaternary (�C 90.4, 75.8 and 75.3), three methine (�C 47.9, 35.5 and 32.9), one 
oxymethylene (�C 69.3), five methylene (�C 32.5, 29.6, 26.8, 24.1 and 18.9) and three 
methyl (�C 26.6, 24.3 and 15.0). In the 1H-1H COSY correlations, Hab-3 (�H 1.85 and 
1.29) were coupled with the methylene protons (Hab-2, �H 2.33 and 1.28) and methine 
proton (H-4, �H 2.53) which was further coupled with methine proton (H-5, �H 1.77) 
and H3-15 (�H 0.87). These results established a butyl unit with a methyl group at C-4 
(�C 35.5). The HMBC correlations from Hb-3 to C-1 (�C 90.4) and H-5 to C-1 and C-2 
(�C 32.5) and Hb-6 (�H 1.37) to C-1 and C-5 (�C 47.9) (Table 2) constructed a 
cyclopentyl unit with the methyl and methylene groups at C-4 and C-5, respectively. 
The methylene protons, Hab-9 (�H 2.08 and 1.60), and methyl protons, H3-14 (�H 1.04), 
were attached at C-10 (�C 75.8) according to their HMBC correlations. The connectivity 
of this group at C-1 was established on the basis of the 3J HMBC correlation of H3-14 
with C-1. In addition, the chemical shifts of C-1 and C-10 attached the hydroxyl groups 
at these carbons. The 1H-1H COSY correlations of Hab-6 (�Ha 1.45)/H-7 (�H 1.82), H-
7/Hab-8 (�H 1.88, 1.65) and Hab-8/Hab-9 as well as the HMBC correlations from both Hb-
6 to C-8 (�C 18.9)�and Ha-9 to C-7¢and C-10 established a fused cycloheptyl ring having 
the methyl and hydroxyl groups at C-10. A 2-substituted 1,2-dihydroxypropyl unit was 
formed on the basis of the HMBC correlations from H3-13 (�H 1.26) to C-11 (�C 75.3) 
and C-12 (�C 69.3). This unit was attached at C-7 of the cycloheptyl ring according to 
HMBC cross peaks of Hab-12 (�H 3.50 and 3.35) and H3-13 with C-7. The relative 
configuration was assigned on the basis of NOEDIFF data (Fig. 1). Irradiation of Ha-2 
affected signal intensity of Hb-3 and H3-14 while signal intensity of Hb-3 and H-5 was 
enhanced upon irradiation of H-4. In addition, irradiation of H3-15 and Hab-12 enhanced 
signal intensity of Ha-6. These results indicated 
�cis relationship of Ha-2, Hb-3, H-4, H-
5 and H3-14 and ��cis relationship of Ha-6, Hab-12 and H3-15, thus constructing a cis-
fused bicyclic skeleton. Therefore, compound 2 was determined as a new naturally 
occurring guaiane-type sesquiterpene. 
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3.  Conclusion 

Cytochalasin D (3), (R)-(-)-mellein methyl ether (5) and 5-carboxymellein (8) were 
isolated from Xylaria sp. BCC 96539 while tyrosol (6) was produced by X. longipes.11 In 
addition, 5-methoxycarbonylmellein (4) was obtained from the family xylariaceae10. Only 
1,6-Dihydroxy-3-methoxy-8-methylxanthone (7) was isolated from the genus Xylaria for 
the first time. Compounds 1, 3 and 5-8 were weakly active against both bacterial strains 
(SA and MRSA) with a minimum inhibitory concentration (MIC) value of 200 �g/mL, 
while compound 4 was inactive. However, compound 45 exhibited better activity 
against Microsporum gypseum with the MIC value of 128 �g/mL. Compound 2 was 
inactive against all tested human pathogens. 

4.  Experimental 

4.1 General Experimental Procedures 
Infrared spectra (IR) were recorded as neat on a Perkin Elmer 783 FTS165      

FT-IR spectrometer. Ultraviolet (UV) absorption spectra were measured in methanol 
solution on a SHIMADZU UV-160A spectrophotometer. 1H and 13C NMR spectra were 
recorded on a 500 MHz Bruker FTNMR Ultra ShieldTM spectrometer, with 
tetramethylsilane (TMS) as internal standard. Mass spectra were obtained on a MAT 95 
XL mass spectrometer (Thermo Finnigan). Optical rotations were measured in methanol 
solution on a JASCO P-1020 polarimeter. Thin-layer chromatography (TLC) and 
precoated TLC were performed on silica gel 60 GF254 (Merck). Column 
chromatography (CC) was carried out on silica gel (Merck) type 100 (70-230 Mesh 
ASTM) or on Sephadex LH20 with MeOH, or as otherwise stated.  

4.2 Fungal Material  
The endophytic fungus Xylaria sp. PSU-STD70 was isolated from midrib of A.

alba Bl., collected in Suratthani Province, Thailand, in 2006. This fungus was deposited 
as PSU-STD70 at the Department of Microbiology, Faculty of Science, Prince of 
Songkla University. 

4.3 Fermentation and Isolation 
The endophytic fungus Xylaria sp. PSU-STD70 was grown on potato dextrose 

agar (PDA) and incubated at 25 °C for 5 days. Six agar plugs (1 x 1cm2) from the edge 
of the mycelium from an actively growing culture were inoculated into 500 ml 
Erlenmeyer flasks containing 300 ml potato dextrose broth (PDB) and incubated for 3 
weeks at room temperature for production of antimicrobials.12 The culture broth (15.6 
L) was filtered through Whatman #1 to separate the filtrate and mycelia. The filtrate 
(300x5 mL) was extracted three times with an equal volume of EtOAc (300 mL). The 
combined EtOAc layer was dried over anhydrous Na2SO4, and evaporated to dryness 
under reduced pressure to obtain a brown gum (3.02 g). The crude extract was 
fractionated by CC over Sephadex LH20 to afford seven fractions (A-G). Fraction B 
(259.8 mg) was subjected to CC over Sephadex LH20 to give three fractions (B1-B3). 
Fraction B2 (195.1 mg) was separated by CC over Sephadex LH20 to give three 
subfractions (B21-B23). Subfraction B22 (139.4 mg) was further separated by CC over 
silica gel with a gradient system of MeOH-CH2Cl2 to give 3 (60.6 mg). Fraction C 
(475.7 mg) upon CC over silica gel yielded five fractions (C1-C5). Fraction C2 (6.0 mg) 
was subjected to precoated TLC using 40% EtOAc-light petroleum as a mobile phase (2 
runs) to give 4 (3.0 mg). Fraction C3 (118.1 mg) was subjected to CC over Sephadex 
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LH20 to give four subfractions (C31-C34). Subfraction C32 (93.2 mg) upon CC over 
silica gel with gradient systems of EtOAc-light petroleum and MeOH-EtOAc afforded 1 

(6.2 mg), 2 (3.1 mg) and 5 (8.5 mg). Fraction D (267.6 mg) upon CC over silica gel 
with a gradient system of MeOH-CH2Cl2 yielded three fractions (D1-D3). Fraction D5 
(38.1 mg) was separated by CC over silica gel with a gradient system of MeOH-CH2Cl2
to yield 6¢(6.6 mg). Fraction F (35.4 mg) was further subjected to CC over silica gel 
with gradient systems of EtOAc-light petroleum and MeOH-EtOAc to afford 7 (1.6 
mg). The wet mycelia were extracted twice with 500 ml of MeOH for 2 days. The 
aqueous MeOH layer was concentrated under reduced pressure.  To the extract was 
added H2O (50 ml), and the mixture was washed with hexane (700 ml). The aqueous 
layer was extracted three times with an equal volume of EtOAc (300 ml). The combined 
EtOAc extracts were dried over anhydrous NaSO4 and then evaporated to dryness under 
reduced pressure to give a dark brown gum (485.0 mg).  The mycelial extract was 
fractionated by CC over Sephadex LH20 to afford three fractions.  The second fraction 
(70.8 mg) was separated by CC over Sephadex LH20 to afford five subfractions. The 
third subfraction (22.7 mg) was purified using precoated TLC with 40% EtOAc-light 
petroleum as a mobile phase (2 runs) to give 4 (4.6 mg) and 5 (4.0 mg). The fourth 
subfraction (18.0 mg) was further separated using the same proceduce as the third 
subfraction with 50% EtOAc-light petroleum as a mobile phase (2 runs) to give 4 (3.5 
mg) and 8 (14.0 mg). 

Xylarosol (1)  
Yellow gum; [�]D

28 -0.72 (c 0.90, MeOH); UV�(MeOH) nm (log �): 224 (4.36), 
277 (3.62) and 284 (3.55); FT-IR (neat, cm-1) 3370; 1H and 13C NMR data see Table 1; 
EIMS m/z (% relative intensity): 222 (13), 138 (23), 107 (100), 77 (8); HR-EIMS m/z
222.1253 [M]+ (calcd for C13H18O3: 222.1256). 

Xylariterpene A (2) 
Colerless gum; [�]D

28 +0.76 (c 2.5, MeOH); UV (MeOH) nm (log �): 201 (0.49) 
and 223 (0.04); FT-IR (neat, cm-1) 3402; 1H and 13C NMR data see Table 2. 

Antimicrobial Activity Testing. 

Antibacterial activity was evaluated against SA and MRSA, using the agar 
microdilution method.13 MICs were recorded by reading the lowest substance 
concentration that inhibited visible growth. Vancomycin, a positive control drug, 
exhibited the MIC value of 1��g/mL. Growth controls were performed on the agar 
containing DMSO. Antifungal activity was evaluated against M. gypseum SH-MU-4 
using the hyphal extension-inhibition assay.14 A modification of the NCCLS M38-A 
broth microdilution test15 was performed against. Equal volumes of a suspension of 
conidia (approximately 4x103 conidia/mL) were added to each test dilution to make 
final concentrations of 1-128 �g/mL in triplicate. Plates were incubated at 25 °C for 72 
h. Miconazole, a standard antifungal agent, gave an MIC value of 9.6 �M. The MICs 
were recorded for the lowest concentration that resulted in a reduction of approximately 
50% of the fungal growth. 
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     Figure 1. Selected 1H-1H COSY (    ) and NOEDIFF (     ) data for xylariterpene (2)  
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   Table 1
1H, 13C NMR and HMBC data of xylarosol (1)�in CDCl3  

Position �H (mult., JHz) 
�C

(C-Type) HMBC COSY 

1 a: 4.04 (dd, 9.6, 3.3)
b: 3.91 (dd, 9.6, 3.3)

71.3 (CH2) C-1’ , C-2, C-3 Hb-1, H-2 
Ha-1, H-2 

2 4.47 (dd, 8.1, 3.3) 73.6 (CH) C-1, C-3, C-5 Hab-1 
3 - 143.4 (C) -  
4 a: 5.15 (brs) 

b: 5.01 (brd, 0.6) 
112.7 (CH2) a: C-2, C-3, C-5 

b: C-2, C-5 
- 
Ha-4 

5 1.82 (s) 18.9 (CH3) C-2, C-3, C-4¢ -¢

1� - 157.3 (C) - - 
2�, 6� 6.88 (d, 8.7) 114.9 (CH) C-1�, C-2�, C-3�, C-4�, C-5�, C-6� H-2�, H-3�, H-5�, H-6�
3�, 5� 7.15 (d, 8.7) 130.1 (CH) C-1�, C-2�, C-3�, C-5�, C-6�, C-1��  H-2�, H-3�, H-5�, H-6�

4� - 131.1 (C) - - 
1�� 2.82 (t, 6.6) 38.3 (CH2) C-3�, C-4�, C-5�, C-2�� H-2��
2�� 3.83 (t, 6.6) 63.8 (CH2) C-4�, C-1�� H-1��
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  Table 2
1H, 13C NMR and HMBC data of xylariterpene (2)�in CDCl3  

Position �H (mult., JHz) �C (C-Type) HMBC NOEDIFF 
1 - 90.4 (C) - - 
2 a: 2.33 (dd, 14.0, 6.5) 

b: 1.28 (m) 
32.5 (CH2)  C-1, C-3, C-10 Hb-3, H3-14 

3 a: 1.85 (m) 
b: 1.29 (m) 

29.6 (CH2) C-2 
 C-1, C-2, C-15  

- 

4 2.53 (m) 35.5 (CH) C-3, C-6, C-15 Hb-3, H-5, H3-15 
5 1.77 (m) 47.9 (CH) C-1, C-2, C-3, C-6 - 
6 a: 1.45 (m) 

b: 1.37 (m) 
24.1 (CH2) C-1, C-11 

C-1, C-5, C-8 
- 

7 1.82 (m) 32.9 (CH) C-5, C-8 - 
8 a: 1.88 (m) 

b: 1.65 (m) 
18.9 (CH2) C-6, C-9, C-10, C-11 

C-1, C-6, C-7, C-9, C-11 
- 

9 a: 2.08 (dd, 13.0, 5.0) 
b: 1.60 (m) 

26.8 (CH2) C-1, C-7, C-8, C-10 Hb-9, H3-14¢

10 - 75.8 (C) - - 
11 - 75.3 (C) - - 
12 a: 3.50 (d, 11.0) 

b: 3.35 (d, 11.0) 
69.3 (CH2) C-7, C-11, C-13 Ha-6, H3-13 

Ha-6, H3-13 
13 1.26 (s) 24.3 (CH3) C-7, C-11, C-12 - 
14 1.04 (s) 26.6 (CH3) C-1, C-9, C-10 - 
15 0.87 (d, 7.0) 15.0 (CH3) C-3, C-4, C-5 Ha-6 

¢
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One new dihydrochalcone derivative (1) was isolated from the flowers of Wedelia 
trilobata together with seven known compounds; 3,4,2',4'-tetrahydroxychalcone (2), luteolin 
7-methylether (3), tetrachyrin (4), 3�-tigloyloxykaur-16-en-19-oic acid (5), 3�-
cimnamoyloxykaur-16-en-19-oic acid (6), ¢gallic acid methyl ester (7) and �,4-di-O-caffeoyl 
quinic acid (8). Their structures were assigned on the basis of spectroscopic data. 
Compounds 1-3 showed significant antioxidant activity. 

Key words : Wedelia trilobata, Compositae, dihydrochalcone, kaurane diterpene, antioxidant 
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Introduction 

Wedelia trilobata (Compositae), locally named “Kra dum thong lueai”,1 is a creeping 
evergreen perennial herb and a yellow daisy-like flowers. It is widely found in South 
America. This plant was used as an ornamental groundcover in many areas of tropics and 
subtropics and used in traditional medicine for the treatment of fever and combination with 
other herbs to clear placenta after birth.2  Previous chemical investigation of its leaves and 
aerial part afforded kaurane diterpenes,3,4 steroids,3 flavonoids,3 and sesquiterpenoids.5    In 
our search for biologically active substances from the flowers of this plant, we found that the 
crude methanol extract from the flowers of W.trilobata showed significant antioxidant 
activity. In this paper, we describe the isolation of one new dihydrochalcone together with 
seven known compounds and their antioxidant activity.  
Result and discussion 

  The crude methanol extract from the flowers of W. trilobata was subjected to 
chromatographic techniques to yield one new dihydrochalcone (1), and seven known 
compounds; 3,4,2',4'-tetrahydroxychalcone (2),6 luteolin 7-methylether (3),7 tetrachyrin (4),8

3�-tigloyloxykaur-16-en-19-oic acid (5),8 3�-cimnamoyloxykaur-16-en-19-oic acid (6),8 ¢

gallic acid methyl ester (7)9 and �,4-di-O-caffeoyl quinic acid (8).10 Their structures were 
elucidated by analysis of 1D and 2D NMR spectroscopic data. For the known compounds, 
the structural identification was supported by comparison of the NMR data, especially 1H and 
13C NMR data, with those previously reported. 
 Compound (1) was isolated as a yellow gum. Its molecular formula C15H12O5 was 
deduced by HREIMS [m/z 272.0679 [M-H2O]+ (calcd. 272.0679)]. The IR spectrum 
exhibited the presence of a hydroxyl group (3422 cm-1), a carbonyl group (1716 cm-1) and an 
aromatic group (1644 cm-1). The UV spectrum with absorption bands at 232, 277, and 312 
nm suggested a dihydrochalcone derivative.11 The 1H NMR spectrum (Table 1) displayed 
signals of nonequivalent methylene protons at � 3.01¢ �1H, dd, J = 16.8 and 12.6 Hz	, and 
��2.67 �1H, dd, J = 16.8 and 3.0 Hz	, one oxymethine proton at � 5.39¢�1H, dd, J = 12.6 and 
3.0 Hz	, three aromatic protons of a 1,3,5-trisubstituted benzene ring at ��6.87, ��6.88 and 
��7.04 (1H each, d, J = 1.5 Hz) and three aromatic protons of a 1,2,4-trisubstituted benzene 
ring at ��6.42 (1H , d, J = 2.4 Hz), ��6.57 (1H, dd, J = 8.7 and 2.4 Hz), and ��7.72 (1H, d, J = 
8.7 Hz). The 13C NMR data (Table 1) showed the presence of one carbonyl carbon (� 189.7). 
The NMR signals were all assigned using COSY, HMQC and HMBC spectra. The 
nonequivalent methylene protons (� 3.01¢ and ��2.67) were coupled with the oxymethine 
proton (� 5.39) and these methylene protons showed a HMBC correlation with the carbonyl 
carbon. These results constructed a –CH(OH)CH2CO- unit. In addition, the aromatic protons 
at ��6.88 (H-2) and ��7.04 (H-6) of the 1,3,5-trisubstituted benzene ring showed cross peaks 
with the methylene carbon (� 79.7, C-
) indicated that this subunit was connected to C-1 (�
131.1) of the 1,3,5-trisubstituted benzene ring. The 1,2,4-trisubstituted benzene ring was 
linked with the carbonyl carbon by the HMBC corelation of the aromatic proton (��7.72, H-
6�) with the carbonyl carbon (� 189.7). Therefore, 1 was characterized as 
,3,5,2�,4�-
pentahydroxydihydrochalcone, a new dihydrochalcone derivative. 
 Compounds (1-6) were evaluated for their antioxidant activity against DPPH 
(diphenylpicrylhydrazyl) radical. Compounds 1-3 displayed higher radical scavenging 
potency than the standard butylated hydroxyanisole with the IC50 values of 141, 62 and 37 
�M, respectively, while compounds 4-6 were inactive due to the lack of phenolic moiety.12  
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Experimental  

General 

The Infrared (IR) spectrum was recorded neat using a Perkin-Elmer 783 FTS165 FT-
IR spectrometer. The Ultraviolet (UV) absorption spectrum was measured on a SHIMADZU 
UV-160A spectrophotometer. 1H and 13C NMR spectra were recorded on a 300 MHz Bruker 
FTNMR Ultra Shield™ spectrometer in deuterochloroform solution with tetramethylsilane 
(TMS) as an internal standard. The electron ionization (EI) and high resolution electron 
ionization (HREI) mass spectra were obtained on a MAT 95 XL Mass Spectrometer (Thermo 
Finnigan). Optical rotation was measured on a JASCO P-1020 polarimeter. Thin-layer 
chromatography (TLC) was performed on silica gel 60 GF254 (Merck). Column 
Chromatography (CC) was carried out on Sephadex LH-20, silica gel (Merck) type 60 (230-
400 mesh ASTM) or type 100 (70-230 mesh ASTM) or reverse phase C-18 silica gel. Light 
petroleum had bp 40-60 oC. 
Plant Material  

The flowers of W. trilobata were collected at Prince of Songkla University, Songkhla
Province, Thailand. The voucher specimen was deposited in the Herbarium of the 
Department of Biology, Faculty of Science, Prince of Songkla University, Hat Yai, 
Songkhla, Thailand. 

Extraction and Isolation 

The flowers of W. trilobata (370 g), cut into small segments, were extracted with 
MeOH for three times over the period of 7 days at room temperature. After filtration, the 
filtrate was evaporated to dryness under reduced pressure to give a crude methanol extract as 
a yellowish brown gum (44.1 g). It was separated into two parts by dissolving with EtOAc. 
The EtOAc-soluble part was evaporated to dryness under reduced pressure to give a 
yellowish brown gum (13.2 g) which was further fractionated by CC over silica gel using a 
gradient system of MeOH-CH2Cl2 to yield nine fractions. Fraction 3 (3.9 g) was subjected to 
CC over silica gel with solvent mixture of increasing polarity (2% EtOAc-hexane to 100% 
acetone) to provide eight subfractions (3A-3H).  Subfraction 3B (0.4 g) was purified by CC 
over silica gel using 15% EtOAc-hexane to afford 3 (10.6 mg). Subfraction 3E (0.1 g) was 
separated by CC over Sephadex LH-20 using 50%MeOH/CH2Cl2 to afford 1 (17.0 mg). 
Subfraction 3G (0.1 g) was further purified by CC over reverse phase silica gel with a 
gradient of MeOH-H2O (7:3) to give 2 (12.2 mg). Fraction 7 (0.44 g) was further purified 
with CC over Sephadex LH-20 using 50%MeOH/CH2Cl2 to provide seven subfractions (7A-
7G).  Subfraction 7D (9.9 mg) was further purified by CC over reverse phase silica gel with a 
gradient of MeOH-H2O (7:3) to give 6 (2.0 mg).  Fraction 8 (0.5 g) was subjected to CC over 
silica gel with solvent mixture of increasing polarity (5% MeOH/CH2Cl2 to 100% MeOH) to 
provide seven subfractions (8A-8G).  Subfraction 8C (181.9 mg) was further purified by CC 
over Sephadex LH-20 using 100%MeOH to give 4 (5.7 mg) and 5 (9.1 mg). The EtOAc-
insoluble part was evaporated to dryness under reduced pressure to give a brown gum (18.0 
g) which was further fractionated by CC over Sephadex LH-20 using 100%MeOH to yield 
three fractions. The third fraction (3.8 g) was purified with two successive CC over reverse 
silica gel with a gradient of MeOH-H2O (1:4) to afford 7 (20.8 mg) and 8 (14.2 mg). 
Compound (1) 

 Yellow gum. [�]D
26 -33.5º (c 0.05, CHCl3). UV (MeOH) nm (log 

�): 232 (4.10), 277 

(4.03), 312 (3.71). FTIR (neat, cm-1): 3430, 1732.  1H NMR (300 MHz, CDCl3) and 13C 
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NMR (75 MHz, CDCl3) data: see Table 1.  EI-MS m/z: 272 [M-H2O]+ (100), 255 (11), 163 
(15), 137 (45), 136 (27). HR-EI-MS m/z: 272.0679 [M-H2O]+ (calcd. for C15H12O5: 
272.0679). 
Determination of Antioxidant Activity  

DPPH radical scavenging assay 

The DPPH radical scavenging assay was carried out in triplicate, based on the method 
used by Hutadilok-Towatana et al.13 BHA (butylated hydroxyanisole), a positive control, 
gave an IC50 value of 167 �M.  DPPH radical scavenging ability was calculated based on a 
concentration of sample required to reduce DPPH radicals by 50% (IC50). 
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Table 1
1H, 13C NMR and selected HMBC data for 1 in CDCl3  

Position �H (mult, J in Hz) �C HMBC 

C=O  189.7  

�� 3.01, dd, 12.6, 16.8 

2.67, dd, 16.8, 3.0 

43.8  C-1 

C-1, C-1�


� 5.39, dd, 12.6, 3.0 79.7 C=O, C-2, C-6 

1  131.1  

2 6.88, d, 1.5 118.3 C-
, C-6 

3  145.1  

4 6.87, d, 1.5 115.1 C-2, C-6 

5  145.4  

6 7.04, d, 1.5 113.8 C-
, C-2 

1�  114.0  

2�  163.6  

3� 6.42, d, 2.4 102.8 C-1�, C-5�

4�  164.4  

5� 6.57, dd, 8.7, 2.4 110.3 C-1�, C-3�

6� 7.72, d, 8.7 128.6 C=O, C-2�, C-4�
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ABSTRACT 

Three coumarins, hystrixarins A-B (1-2) and (+)-hopeyhopin (3); two acridone 
alkaloids, hystracridones A-B (4-5), one benzene derivative, hystroxene-I (6), and one 
quinolinone alkaloid, hystrolinone (7), along with 32 known compounds were isolated from 
the crude acetone extract of the roots of Citrus hystrix. Their structures were determined by 
1D and 2D NMR spectroscopic data. The antioxidant, anti-HIV and antibacterial activities of 
the isolated compounds were evaluated. 

Keywords: Citrus hystrix, Rutaceae, Coumarins, Acridone alkaloids, Antibacterial activity 
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1. Introduction

Citrus hystrix or kaffir lime, locally known as “magrood”, is a plant belonging to the 
Rutaceae family. It is commonly cultivated in Southeast Asia. It is a small tree, about 3-5 m 
tall with very distinctive leaves. The leaves and fruits of C. hystrix have a pleasant lemon 
smell and are referred to as medicinal lime (Yaacob et al., 1995). The leaves are widely used 
as flavor for cooking in Thailand. The fruit is not eaten fresh, but can be made into preserves 
or used as a spice for cooking, a hair shampoo or a medicine (Allen et al., 1967). C. hystrix is 
rich of essential oils in the several parts, leaves, twigs, fruit peels and fruit juices (Akiyoshi et 
al., 1990). Because of this reason, it was used as an insect repellent and treated for the insect 
bites (Koh et al., 1999). Previous investigation of the leaves of C. hystrix revealed that the 
crude extracts from the leaves showed antitumor promoter (Murakami et al., 1995 and 
Tiwawech et al., 2000), cytotoxic (Ong et al., 2009), antibacterial (Wannissorn et al., 2005), 
and antioxidant (Hutadilok - Towatana et al., 2006 and Wong et al., 2006) activities. The 
extract from the fruit peels showed antifertility activity (Piyachaturawat et al., 1985). Three 
coumarins, isolated from the fruits of C. hystrix DC., were inhibitors of both 
lipopolysaccharide (LPS) and interferon-� (IFN-�) induced nitric oxide (NO) generation in 
RAW 264.7 cells (Murakami et al., 1999). Recently, four new coumarins, citrusosides B-D, 
were isolated from the fruit peels of Citrus hystrix and showed cholinesterase inhibitory 
activity (Youkwan et al., 2010). However, phytochemical examination and biological activity 
of the roots from C. hystrix have not yet been reported. From our investigation, the crude 
acetone extract from the roots of C. hystrix exhibited antioxidant activity with the IC50 values 

of 0.21 and 3.7 mg/ml in DPPH
.
 and hydroxyl

.
 assays, respectively, anti-HIV activity with 

the IC50 value of 19.8 �g/ml and antibacterial activity against Acinetobacter baumannii and 
Escherichia coli with the MIC values < 3.125 and 3.125 �g/ml, respectively. These prompts 
us to investigate its chemical constituents in order to isolate bioactive constituents from this 
plant. In this paper, we describe the isolation and structural elucidation of seven new 
compounds (Fig. 1): hystrixarins A-B (1-2), (+)-hopeyhopin (3), hystracridones A-B (4-5), 
hystroxene-I (6) and hystrolinone (7), as well as 32 other known compounds (Fig. 2). 
Antioxidant, anti-HIV and antibacterial activities of the isolated compounds were also 
evaluated. 

2. Results and discussion�

 The crude acetone extract (24.19 g) from the roots of Citrus hystrix was further 
investigated by chemical method and chromatographic techniques to yield seven new 
compounds: three new coumarins; hystrixarins A-B (1-2) and (+)-hopeyhopin (3), two new 
acridone alkaloids; hystracridones A-B (4-5), one new benzene derivative; hystroxene-I (6), 
and one new quinolinone alkaloid; hystrolinone (7), together with 32 known compounds: 
xanthoxylin (8) (Valenciennes et al., 1999), dipetalolactone (9) (Melliou et al., 2005), seselin 
(10) (Cazal et al., 2009), xanthyletin (11) (Cazal et al., 2009), crenulatin (12) (Basa S. C., 
1975 and Basa et al., 1982), suberosin (13) (Cazal et al., 2009), baiyumine-A (14) (Wu T. -S., 
1987), tamarin (15) (Burke et al., 1979 and Ito et al., 1991), 5-hydroxynor-acronycine (16) 
(Wu et al., 1983), scoparone (17) (Razdan et al., 1987), valencic acid (18) (Ito et al., 1988), 
osthenol (19) (Sasaki et al., 1980), citracridone-I (20) (Wu et al., 1983), citpressine-I (21) 
(Wu et al., 1983 and Furukawa et al., 1983), scopoletin (22) (Razdan et al., 1987), 5-
hydroxyseselin (23) (Ito et al., 1988 and Melliou et al., 2005), umbelliferone (24) (Kong et 
al., 1996), yukovanol (25) (Ito et al., 1989), isoimperatorin (26) (Harkar et al., 1984), (-)-cis-
khellactone (27) (Duh et al., 1991), limonin (28) (Breksa et al., 2008), citramine (29) (Ju-ichi 
et al., 1988), (+)-syringaresinol (30) (Kuo et al., 2007), oxypeucedanin hydrate (31) (Harkar 
et al., 1984), 2�,3�-dihydroxydihydrosuberin (32) (Dreyer et al., 1972), (-)-cis-decursidinol 
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(33) (Sano et al., 1975), limonexin (34) (Kondo et al., 1985 and Nui et al., 2001), limonexic 
acid (35) (Ng et al., 1987), vanillic acid (36) (Wang et al., 2011), p-hydroxybenzaldehyde 
(Xu et al., 2009), tyrosol (Capasso et al., 1992) and p-hydroxybenzoic acid (Cho et al., 1998). 
Their structures were elucidated by spectroscopic data, especially 1D and 2D NMR. 1H and 
(or) 13C spectroscopic data of known compounds were also compared with those reported in 
the literatures. 
 Hystrixarin A (1) was obtained as a colourless viscous oil. Its molecular formula was 
determined as C19H22O6 by HRESIMS measurement for C19H22O6Na at m/z 369.1308. The IR 
spectrum showed the absorption bands at 3452, 1738 and 1606 cm-1, indicating the presence 
of a hydroxyl group, a carbonyl group and an aromatic ring system, respectively. The UV 
spectrum displayed the absorption bands at 218, 245, 256 and 325 nm, indicating the 
presence of a 7-oxygenated coumarin moiety (Smith et al., 1957). The 1H NMR spectrum 
(Table 1) showed signals similar to those of (+)-cis-27 (González et al., 1979) with additional 
signal for an isobutyl group [�H 2.23 (2H, d, J = 7.5 Hz, H-2''), 2.12 (1H, m, H-3'') and 0.96 
(6H, d, J = 6.6 Hz, 4''-Me and 5''-Me)]. The HMBC correlations (Table 3) of an oxymethine 
proton (�H 5.23, d, J = 3.9 Hz, H-3') and H-2'' with a carbonyl carbon (�C 172.0, C-1'') 
established a 3-methyl-1-butanoyl unit and further linked this unit with the coumarin moiety 
through an ester bond. A small coupling constant of 3.9 Hz between H-3' and H-4' (�H 5.02) 
and their NOESY correlation suggested that these protons had cis relationship. Comparison 
of its optical rotation ([�]25.7

D + 37.43o, c = 2.0, CHCl3) with that of (+)-cis-(27) ([�]20
D + 

81.2o, c = 2.0, CHCl3) (Ganbaatar et al., 2008), indicated that the absolute configurations at 
C-3' and C-4' of 1 were both R, identical to those of (+)-cis-27. Therefore, hystrixarin A was 
identified as (+)-(3'R,4'R)-cis-3'-(3''-methylbutanoxy)-4'-hydroxydihydro-6',6'-dimethyl-
pyrano(2',3':7,8)coumarin (1). 

 Hystrixarin B (2) was obtained as a white solid, melting at 114.3-115.8 oC. The 
molecular formula was established as C15H17O4 by HRAPCIMS, which displayed a molecular 
ion peak at m/z 261.1077 [M+ + H]. The optical rotation was -21.58o (c = 0.53, CHCl3). The 
UV and IR absorption bands were similar to those of 1. These results suggested the presence 
of a 7-oxygenated coumarin moiety in 2. The 1H NMR spectrum (Table 1) showed signals 
similar to those of 15 (Ito et al., 1991) except for the difference in the chemical shifts of 
nonequivalent methylene protons and an oxymethine of the C-6 substituent. From the 13C 
NMR spectrum (Table 3), an oxymethine carbon (�C 88.2) in 2 resonated at lower field than 
that in 15 (�C 74.9, C-2'), indicating the attachment of a hydroxyl group at C-1', instead of C-
2' in 15. Thus, the 2-hydroxy-3-methyl-3-butenyl unit in 15 was replaced by the 1-hydroxy-3-
methyl-3-butenyl moiety in 2. In addition, the HMBC correlations between the nonequivalent 
methylene protons [�H 2.86 (1H, H-2'a) and 2.93 (1H, H-2'b)] and C-6 (�C 123.7) supported 
the attachment of this unit at C-6. Thus, hystrixarin B was assigned as (-)-6-(1'-hydroxy-3'-
methyl-3'-butenyl)-7-methoxycoumarin (2). 

 Hopeyhopin (3) was isolated as a colourless solid, melting at 155.3 oC (decomposed). 
The HRESIMS showed the molecular formula C15H14O5 (m/z 297.0733 [M+ + H]). The 
optical rotation was +12.32o (c = 0.75, CHCl3). The IR spectrum showed the absorption 
bands at 1739 and 1684 cm-1, indicating the presence of carbonyl groups. The UV absorption 
bands were similar to those of 32 (Dreyer et al., 1972). The 1H NMR spectrum (Table 1)  
displayed signals similar to those of 32 except for the disappearance of signals for the 
methylene protons [�H 2.55 (1H, dd, J = 13.8, 10.5 Hz, H-1'a) and 3.01 (1H, dd, J = 13.8, 2.1 
Hz, H-1'b)] in 32. The HMBC correlations of H-2' (�H 4.05) and C-1' (�C 193.5), C-3' (�C
61.9) and C-4' (�C 24.7) and those between the methyl protons [�H 1.27 (5'-Me) and 1.57 (4'-
Me)] and C-2' (�C 67.9) and C-3' (�C 61.9) (Table 3) together with the chemical shift values 
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of C-2' and C-3' suggested that the 2',3'-dihydroxy-3'-methylbutyl side chain of 32 was 
replaced by the 2',3'-epoxy-3'-methylbutanoyl side chain. This substituent was attached at C-
6 (�C 123.4) on the basis of the HMBC correlation from H-5 (�H 8.06) to C-1' (�C 193.5) as 
well as the appearance of H-5 at a much lower field than that in 32. From these results, 
hopehopin was assigned as 6-(2',3'-epoxy-3'-methylbutanoyl)-7-methoxycoumarin (3). 

 Hystracridone A (4) was isolated as an orange solid, melting at 242.9-243.1 oC. The 
HRAPCIMS showed the molecular formula C21H20NO5 (m/z 313.1486 [M+ + H]). The UV 
spectrum displayed the absorption bands at 262, 277 and 332 nm indicating the presence of a 
9-acridone skeleton (Takemura et al., 1996). The IR spectrum exhibited absorption bands at 
3426, 1732 and 1633 cm-1 for a hydroxyl group, a carbonyl group and an aromatic ring 
system, respectively. The 1H NMR spectrum (Table 2) showed signals similar to those of 20

except that a methoxyl signal (�H 3.92, 3H, s, 5-OMe) of 20 was replaced by signals for an 
ethanoyl group [�H 2.56 (3H, s, 2''-Me) and �C 203.5 (C-1'')]. The HMBC correlations 
between methyl protons (�H 2.56, 2''-Me) and C-5 (�C 117.4) and C-1'' (�C 203.5) (Table 4)  
confirmed the attachment of this unit at C-5 (�C 117.4). In addition, the appearance of a 
hydroxy proton (6-OH) at �H 16.58 and the HMBC correlations between 6-OH and C-5 (�C
117.4), C-6 (�C 176.7) and C-7 (�C 124.0) supported this conclusion. Thus, hystracridone A 
was assigned as 5-ethanoyl-1,6-dihydroxy-6',6'-dimethylpyrano(2',3':3,4)acridone (4). 

 Hystracridone B (5) was isolated as an orange solid, melting at 156.5-157.3 oC. The 
HRAPCIMS showed the molecular formula C22H24NO5 (m/z 382.1559 [M+ + H]). The UV 
and IR spectrum exhibited the similar absorption bands to those found in 4, indicating that 5 

was a 9-acridone derivative. Its 1H NMR spectrum (Table 2) showed signals similar to those 
of 4 except for the signals of a gem-dimethylchromene ring [�H 1.51 (6H, s, 5'-Me and 6'-
Me), 5.57 (1H, d, J = 9.6 Hz, H-3') and 6.62 (1H, d, J = 9.6 Hz, H-4')] of 4 were replaced by 
signals for a methoxyl group (�H 3.93, 3H, s, 3-OMe) and an isoprenyl group [(�H 1.75, 6H, s, 
4'-Me and 5'-Me), 3.45 (2H, d, J = 5.5 Hz, H-1') and 5.25 (1H, tm, J = 5.5 Hz, H-2')]. The 
additional signals of an oxymethyl carbon at��C 56.5 (3-OMe), a quarternary carbon at �C
132.8 (C-3'), a methine carbon at �C 123.6 (C-2'), a methylene carbon at �C 26.9 (C-1') and 
two methyl carbons at �C 18.32 (4'-Me) and �C 25.82 (5'-Me) in the 13C NMR spectrum 
(Table 2) supported this conclusion. The methoxyl group (�H 3.93, 3-OMe) was assigned at 
C-3 (�C 165.8) due to the HMBC correlation between the methoxy protons and C-3 (�C
165.8). The isoprenyl group was located at C-4 (�C 108.6) by the HMBC correlations 
between the methylene protons of an isoprenyl group (�H 3.45, H-1') and C-3 (�C 165.8) and 
C-4a (�C 146.5) (Table 4). Furthermore, the HMBC and NOESY correlations established the 
attachment of the remaining substituents identical to those of 4. Therefore, hystracridone B 
was assigned as a new acridone alkaloid: 5-ethanoyl-1,6-dihydroxy-3-methoxy-4-(3'-methyl-
2'-butenyl)acridone (5). 

 Hystroxene-I (6) was isolated as a colourless viscous oil. The HRESIMS showed the 
molecular formula C18H26O3Na (m/z 313.1774 [M+ + Na]). Comparison of the UV and IR 
spectra with those of etrogol (6a, Fig. 1) (Ito et al., 1988) indicated the presence of p-
oxygenated benzene derivative. However, the lack of the absorption bands for a hydroxyl 
group at 3600 and 3450 cm-1 in 6 suggested the absence of the hydroxyl group in 6a. The 1H 
NMR spectrum (Table 2) showed signals similar to those of 6a with additional signals for an 
isobutyl group [�H 2.16 (2H, d, J = 6.6 Hz, H-2''), 2.08 (1H, m, H-3'') and 0.92 (6H, d, J = 6.3 
Hz, 4''-Me and 5''-Me)]. The HMBC correlation between H-2'' (�H 2.16) and C-1'' (�C 173.0) 
(Table 4) established a 3-methyl-1-butanoyl unit which formed an ester linkage with C-2' (�C
64.8) according to the HMBC correlation from H-2' (�H 4.24) and C-1''. Accordingly, 
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hystroxene-I was identified as a new benzene derivative: 4-(3'''-methyl-2'''-butenyloxy)-2'-
(3''-methylbutanoxy)ethylbenzene (6). 

 Hystrolinone (7) was isolated as a light yellow viscous oil. The HRESIMS showed the 
molecular formula C13H16O3N (m/z 233.1125 [M+ + H]). The optical rotation was -17.97o (c
= 0.36, MeOH). The UV spectrum displayed the absorption bands at 215, 244, 289, 301, 340 
and 353 nm indicating the presence of a 4(1H)-quinolinone (Ashan et al., 1993). The IR 
spectrum exhibited absorption bands at 3672 and 1735 cm-1 for a hydroxyl group and a 
carbonyl group, respectively. The 1H NMR spectrum (Table 5) showed signals similar to 
those of 1-methyl-2-n-nonyl-4-quinolinone (7a, Fig. 1) (Grundon et al., 1979) except that the 
signals for ortho-disubstituted aromatic protons of 7a was replaced by the signals of 1,2,4-
trisubstituted aromatic protons [�H 7.62 (1H, d, J = 3.0 Hz, H-5), 7.31 (1H, dd, J = 9.5, 3.0 
Hz, H-7) and 7.77 (1H, d, J = 9.5 Hz, H-8)]. The HMBC correlation between H-5 and C-4 (�C
177.1) confirmed this conclusion. The 1,2,4-trisubstituted aromatic protons (H-5, H-7 and H-
8) showed the HMBC correlation with C-6 (�C 154.4) indicated the attachment of a hydroxyl 
group at this position. Furthermore, a n-nonyl side chain of 7a was replaced by a 2'-
hydroxypropyl unit [�H 2.98 (1H, dd, J = 14.5, 5.5 Hz, H-1'a), 3.02 (1H, dd, J = 14.5, 7.5 Hz, 
H-1'b), 4.14 (1H, m, H-2') and 1.31 (3H, d, J = 6.0 Hz, 3'-Me)]. The HMBC correlations 
between H-1'a, H-1'b and H-2' and C-2 (�C 153.5) supported the attachment of this unit at C-
2. Thus, hystrolinone was assigned as (-)-2-(2'-hydroxypropyl)-6-hydroxyquinolinone (7). 

 This is the first report on the chemical constituents from the roots of this plant. The 
major constituents are coumarins (xanthyletin) that are usually isolated from Citrus species. 
Furthermore, other types of compounds: acridone alkaloids, flavanones, lignins, limonoids, 
quinolinone alkaloid and benzene derivatives were isolated from this species. Compounds 1-
2, 4-6, 9, 10-20, 21-22 and 24-30 were evaluated for anti-HIV-1 protease and integrase 
activities. Only 5-hydroxynoracronycine (16) showed anti-HIV-1 protease activity with the 
IC50 value of 93.1 �M. Selected compounds; 1-6, 8, 14-16, 18-20, 22-25, 27-28, 30-36, p-
hydroxybenzoic acid, tyrosol and p-hydroxybenzaldehyde were tested for antioxidant activity 

using DPPH
.
, hydroxyl

.
 and superoxide anion assays. Compound 16 and (+)-syringaresinol 

(30) exhibited DPPH
.
 scavenging activity with the IC50 values of 0.19 and 0.032 mg/ml, 

respectively. The latter compound was also a superoxide scavenger with the IC50 value of 
1.52 mg/ml. In addition, 24 compounds (1-2, 6, 8-16, 18-20, 24-28, 30 and 34-35) were 
evaluated for antibacterial activity (MDR Acinetobacter baumannii JVC 1053 and 
Escherichia coli ATCC 25922). Compounds 8, 15, 25 and 30 were active against MDR 
Acinetobacter baumannii JVC 1053 with the same MIC values of 100 �g/ml while limonin 
(28) showed better activity with the MIC value of 50 �g/ml. 

3. Experimental 

3.1 General experimental procedures 
 Melting points were recorded on an Electrotermal 9100 melting point apparatus are 
uncorrected. IR spectra were recorded using a FTS 165 FT-IR spectrometer (Perkin-Elmer 
783). UV spectra on a SPECORD S 100 (Analytikjena), and optical rotations on a JASCO P-
1020 polarimeter. 1H NMR and 13C were recorded on a Bruker FT-NMR Ultra ShieldTM 300 
MHz and 500 MHz spectrometer using CDCl3 solution unless otherwise stated with TMS as 
the internal standard. HRESIMS and HRAPCIMS were recorded on a Bruker micrOTOF 
Mass spectrometer. Quick CC and CC were carried out on silica gel (Merck) types 60 and 
100 (70-230 mesh ASTM) or on reversed phase silica gel C-18 or on sephadex LH-20 (GE 
Healthcare). TLC and precoated TLC were performed on silica gel 60 F254 (Merck).
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3.2 Plants materials 
 The roots of Citrus hystrix were collected in October 2007 from Moo. 3, Koh-Hong, 
Hat-Yai, Songkhla in the Southern part of Thailand. A voucher specimen (Yuranan 01) has 
been deposited at the Herbarium of the Department of Biology, Faculty of Science, Prince of 
Songkla University, Songkhla, Thailand. 

3.3 Extraction and isolation 
 The dried and chopped roots of C. hystrix (2.59 kg) were extracted with acetone (15 
L) for 7 days at room temperature three times. Filtration and subsequent evaporation of 
combined acetone extracts to dryness in vacuo gave a dark brown gum (24.19 g) which was 
subjected to quick CC, eluting with hexane, acetone and methanol in a polarity gradient to 
give ten fractions (1-10). Fraction 2 (2.04 g) was repeatedly separated by CC over silica gel, 
CC over sephadex LH-20 and precoated TLC using 100% benzene (3 runs) to provide 6 (7.4 
mg), 8 (25.0 mg) and 9 (2.9 mg). Fraction 3 (464.1 mg) was further purified by 
recrystallization from acetone - hexane to afford 10 (305.8 mg). Fraction 4 (4.07 g) was 
purified using the same method as fraction 3 to give 11 (1.61 g). The mother liquor of 
fraction 4 (3.18 g) was repeatedly separated by CC over silica gel and finally with precoated 
TLC using 25% ethyl acetate in hexane (4 runs) to yield 2 (3.8 mg), 12 (16.2 mg), 13 (24.5 
mg), 14 (10.2 mg) and 15 (13.4 mg). Fraction 7 (547.4 mg) was repeatedly separated by CC 
over silica gel, CC over sephadex LH-20, flash CC over silica gel and finally with precoated 
TLC to give 1 (6.9 mg), 16 (7.3 mg), 17 (1.4 mg) and 18 (2.6 mg). Fraction 8 (2.32 g) was 
further purified by washing with hexane to give 4 (9.2 mg). The mother liquor of fraction 8 
(2.31 g) was further purified by recrystallization from acetone - hexane, CC over silica gel, 
CC over sephadex LH-20 and precoated TLC to yield 1 (4.8 mg), 3 (1.5 mg), 4 (2.3 mg), 5 

(2.2 mg), 15 (17.4 mg), 16 (38.3 mg), 17 (10.4 mg), 18 (13.7 mg), 19 (3.1 mg), 20 (29.7 mg), 
21 (3.2 mg), 22 (2.6 mg), 23 (1.8 mg), 24 (5.9 mg), 25 (5.7 mg), 26 (2.7 mg), 27 (9.9 mg) and 
p-hydroxybenzaldehyde (2.1 mg). Fraction 9 (3.79 g) was separated by CC over silica and 
subsequent precoated TLC to afford 18 (1.1 mg), 26 (3.5 mg), 27 (6.5 mg), 28 (10.4 mg), 29

(1.0 mg), 30 (11.0 mg), 31 (2.4 mg), 32 (6.8 mg), 33 (12.0 mg), 34 (5.1 mg), 35 (8.0 mg), 36

(2.1 mg), tyrosol (1.0 mg) and p-hydroxybenzoic acid (2.8 mg). Fraction 10 (8.73 g) was 
separated by dissolving in acetone and then methanol. The methanol fraction (6.50 g) was 
separated by CC over sephadex LH-20, CC over silica gel and precoated TLC to afford 7 (1.8 
mg) and 18 (1.6 mg). 

3.4 Hystrixarin A (1) 
 Colourless viscous oil; [�]25.7

D + 37.43o (c 2.0, CHCl3); UV (EtOH) �max nm (log 
): 
218 (4.39), 245 (3.82), 256 (3.75), 325 (4.40); IR (neat) vmax cm-1: 3452, 1738, 1606; 1H 
NMR (300 MHz, CDCl3) and 13C NMR (75 MHz, CDCl3) data see Table 1; HRESIMS: m/z
369.1308 [M+ + Na] (calcd. for C19H22O6Na, 369.1314). 
�
3.5 Hystrixarin B (2) 
 White solid; mp. 114.3-115.8 oC; [�]22.7

D - 21.58o (c 0.53, CHCl3); UV (EtOH) �max
nm (log �): 223 (4.12), 243 (3.67), 253 (3.60), 293 (3.70), 329 (3.98); IR (neat) vmax cm-1: 
3406, 1731, 1621; 1H NMR (300 MHz, CDCl3) and 13C NMR (75 MHz, CDCl3) data see 
Table 1; HRAPCIMS: m/z 261.1077 [M+ + H] (calcd. for C15H17O4, 261.1127). 

3.6 (+)-Hopeyhopin (3) 
 Colourless solid; mp. 155.3 oC (decomposed); [�]27.7

D + 12.32o (c 0.75, CHCl3); UV 
(MeOH) �max nm (log �): 212 (4.12), 219 (4.08), 257 (4.18), 302 (3.87), 328 (3.94); IR (neat) 
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vmax cm-1: 1739, 1684; 1H NMR (500 MHz, CDCl3) and 13C NMR (125 MHz, CDCl3) data 
see Table 1; HRESIMS: m/z 297.0733 [M+ + H] (calcd. for C15H14O5, 297.0730). 

3.7 Hystracridone A (4) 
 Orange solid; mp. 242.9-243.1 oC; UV (MeOH) �max nm (log �): 262 (4.29), 277 
(4.28), 332 (4.13); IR (neat) vmax cm-1: 3426, 1732, 1633; 1H NMR (300 MHz, CDCl3) and 
13C NMR (75 MHz, CDCl3) data see Table 2; HRAPCIMS: m/z ................ [M+ + H] (calcd. 
for C21H12NO5, ......................). 

3.8 Hystracridone B (5)  
 Orange solid; mp. 156.5-157.3 oC; UV (MeOH) �max nm (log �): 227 (4.09), 263 
(4.05), 306 (4.05), 329 (3.95), 404 (3.62); IR (neat) vmax cm-1: 3429, 1625, 1588; 1H NMR 
(500 MHz, CDCl3) and 13C NMR (125 MHz, CDCl3) data see Table 2; HRAPCIMS: m/z
382.1559 [M+ + H] (calcd. for C22H24NO5, 382.1654). 

3.9 Hystroxene-I (6) 
 Colourless viscous oil; UV (EtOH) �max nm (log �): 226 (4.17), 277 (3.36), 284 (3.28); 
IR (neat) vmax cm-1: 2960, 1731, 1613; 1H NMR (300 MHz, CDCl3) and 13C NMR (75 MHz, 
CDCl3) data see Table 2; HRESIMS: m/z 313.1774 [M+ + Na] (calcd. for C18H26O3Na, 
313.1780). 

3.10 Hystrolinone (7) 
 Light yellow viscous oil; UV (MeOH) �max nm (log �): 215 (4.14), 244 (4.24), 289 
(3.43), 301 (3.43), 340 (3.76), 353 (3.73); IR (neat) vmax cm-1: 3672, 1735; 1H NMR (500 
MHz, CD3OD) and 13C NMR (125 MHz, CD3OD) data see Table 5; HRESIMS: m/z
233.1125 [M+ + H] (calcd. for C13H16O3N, 233.1130). 

3.11 Free radical scavenging activity 
 In this study, three assays were carried out, according to those previously described 
(Hutadilok - Towatana et al., 2006). 

3.12 Antibacterial activity 
 A modified broth microdilution method (CLSI, remove hyperlink 2009) was used to 
obtain the MICs of the tested materials. Twenty microlitres of a 3-5 h culture of each 
bacterial strain (multidrug-resistant Acinetobacter baumannii JVC 1053 and Escherichia coli 
ATCC 25922), containing approximately 5x104 CFU/ml, were applied into MHB 
supplemented with the medicinal plant extracts at concentrations ranging from 0.05-100 
μg/ml. The microtiter plates were incubated at 37 °C for 18 h. Minimum inhibitory 
concentrations were observed at least in duplicate as the lowest concentration of the plant 
extracts that produced a complete suppression of the bacterial growth. 

3.13 Anti-HIV assay 
 Anti-HIV assay was evaluated according to the method previously described by 
Tewtrakul (Tewtrakul et al., 2006). 
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Figure 1   Structures of compounds 1-7 from the roots of C. hystrix, etrogol (6a) and  

 1-methyl-2-n-nonyl-4-quinolinone 7a
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Table 1  1H and 13C NMR spectroscopic data of hystrixarins A-B (1-2) and  

 hopeyhopin (3) 

1 2 3 
position 

����H (mult, J Hz) ����C ����H (mult, J Hz) ����C  ����H (mult, J Hz) ����C 

2 - 160.7 - 161.4 - 159.9
3 6.28 (d, 9.6) 112.6 6.25 (d, 9.6) 113.2 6.34 (d, 10.0) 114.7
4 7.68 (d, 9.6) 144.0 7.62 (d, 9.6) 143.3 7.70 (d, 10.0) 143.2
4a - 112.4 - 112.2 - 112.8
5 7.37 (d, 8.7) 128.6 7.24 (s) 129.7 8.06 (s) 131.4
6 6.84 (d, 8.7) 114.8 - 123.7 - 123.4 
7 - 155.9 - 160.8 - 162.1

7-OMe - - 3.91 (s) 55.9 4.04 (s) 56.7 
8 - 110.5 6.80 (s) 98.8 6.91 (s) 99.9 
8a - 154.5 - 155.0 - 158.8
1' - - 4.58 (dd, 7.8, 5.4) 88.2 - 193.5
2' - 77.2 a: 2.86 (dd, 14.7, 7.8) 31.7 4.05 (s) 67.9 
   b: 2.93 (dd, 14.7, 5.4)    

3' 5.23 (d, 3.9) 73.8 - 143.3 - 61.9 
4' 5.02 (d, 3.9) 63.2 a: 4.96 (s) 113.9 1.57 (s) 18.3 
   b: 5.01 (s)    

5' 1.40 (s) 23.5 1.82 (s) 18.1 1.27 (s) 24.7 
6' 1.50 (s) 23.9 - - - - 
1'' - 172.0 - - - - 
2'' 2.23 (d, 7.5) 43.3 - - - - 
3'' 2.12 (m) 25.6 - - - - 

4'', 5'' 0.96 (d, 6.6) 22.3 - - - - 



� 16

Table 2  1H and 13C NMR spectroscopic data of hystracridones A-B (4-5) and  

 hystroxene-I (6) 

4 5 6  
position 

����H (mult, J Hz) ����C  ����H (mult, J Hz) ����C  ����H (mult, J Hz) ����C  

1 - 164.2 - 163.3 - 131.0 
1-OH 14.12 (s) - 14.20 (s) - - - 

2 6.34 (s) 100.3 6.47 (s) 95.8 7.12 (d, 8.4) 129.8 
3 - 161.9 - 165.8 6.84 (d, 8.4) 114.7 

3-OMe - - 3.93 (s) 56.5 - - 
4 - 101.9 - 108.6 - 157.6 
4a - 143.9 - 146.5 - - 
5 - 117.4 - 117.6 6.84 (d, 8.4) 114.7 
6 - 176.7 - 176.8 7.12 (d, 8.4) 129.8 

6-OH 16.58 (s) - 16.58 (s) - - - 
7 6.68 (d, 12.9) 124.0 6.63 (d, 12.5) 123.7 - - 
8 7.96 (d, 12.9) 133.4 7.95 (d, 12.5) 133.8 - - 
8a - 117.4 - 116.7 - - 
9 - 180.0 - 181.0 - - 
9a - 108.6 - 108.4 - - 

10-NMe 3.76 (s) 47.0 3.68 (s) 46.9 - - 
10a - 153.8 - 155.2 - - 
1' - - 3.45 (d, 5.5) 26.9 2.86 (t, 7.2) 34.3 
2' - 76.7 5.25 (tm, 5.5) 123.6 4.24 (t, 7.2) 64.8 
3' 5.57 (d, 9.6) 124.7 - 132.8 - - 
4' 6.62 (d, 9.6) 120.3 18.3 - - 
5' 

1.75 (s) 
1.75 (s) 25.8 - - 

6' 
1.51 (s) 
1.51 (s) 

26.9 
26.9 - - - - 

1'' - 203.5 - 203.8 - 173.0 
2'' 2.56 (s) 28.4 2.56 (s) 28.6 2.16 (d, 6.6) 43.4 
3'' - - - - 2.08 (m) 25.7 

4'', 5'' - - - - 0.92 (d, 6.3) 22.4 
1''' - - - - 4.48 (d, 6.6) 64.8 
2''' - - - - 5.49 (tm, 6.6) 119.8 
3''' - - - - - 138.0 
4''' - - - - 1.79 (s) 25.8 
5''' - - - - 1.74 (s) 18.1 
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Table 3  HMBC correlations of hystrixarins A-B (1-2) and hopeyhopin (3) 

HMBC correlations 
position

1 2 3

3 C-2, C-4a C-2, C-4a C-2, C-4a 
4 C-2, C-4a, C-5, C-8a C-2, C-4a, C-5, C-8a C-2, C-4a, C-5 
5 C-4, C-4a, C-7, C-8a C-4, C-4a, C-7, C-8a C-4, C-4a, C-7, C-8a, C-1'
6 C-4a, C-7, C-8 - - 

7-OMe - C-7 C-7 
8 - C-4a, C-6, C-7, C-8a C-4a, C-6, C-7, C-8a 
1' - C-6, C-2' - 
2' - C-6, C-1', C-3' C-1', C-3', C-4' 
3' C-8, C-1'' - - 
4' C-7, C-8a, C-3' C-3', C-5' C-2', C-3', C-5' 
5' C-2', C-3', C-6' C-3', C-4' C-2', C-3', C-4' 
6' C-2', C-3', C-5' - - 
2'' C-1'', C-3'', C-4'', C-5'' - - 
3'' C-1'', C-2'', C-4'', C-5'' - - 
4'' C-2'', C-3'', C-5'' - - 
5'' C-2'', C-3'', C-4'' - - 
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Table 4  HMBC correlations of hystracridones A-B (4-5) and hystroxene-I (6) 

HMBC correlations 
position 

���� ���� ����
1-OH - C-1, C-2, C-9a - 

2 C-1, C-3, C-4, C-9a C-1, C-3, C-4, C-9a C-1, C-3, C-4, C-6 
3 - - C-1, C-2, C-4, C-5 

3-OMe - C-3 - 
5 - - C-1, C-3, C-4, C-6 
6 - - C-1, C-2, C-4, C-5 

6-OH C-5, C-6, C-7 C-5, C-7 - 
7 C-5, C-6, C-8a C-6, C-8a - 
8 C-6, C-9, C-10a C-6, C-9, C-10a - 

10-NMe C-4a, C-10a C-4a, C-10a - 
1' - C-3, C-4, C-4a, C-2', C-3' C-2, C-6, C-2' 
2' - C-1', C-4', C-5' C-1, C-1', C-1'' 
3' C-4, C-5', C-6' - - 
4' C-3, C-4, C-4a, C-2' C-2', C-3', C-5' - 
5' C-2', C-3', C-6' C-2', C-3', C-4' - 
6' C-2', C-3', C-5' - - 
2'' C-5, C-1'' C-5, C-1'' C-1'', C-3'', C-4'', C-5'' 
3'' - - C-1'', C-2'', C-4'', C-5'' 
4'' - - C-2'', C-3'', C-5'' 
5'' - - C-2'', C-3'', C-4'' 
1''' - - C-4, C-2''', C-3''' 
2''' - - C-4''', C-5''' 
4''' - - C-2''', C-3''', C-5''' 
5''' - - C-2''', C-3''', C-4''' 
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Table 5  1H, 13C NMR spectroscopic data and HMBC correlations of hystrolinone (7) 

7 
position 

����H (mult, J Hz) ����C  HMBC correlation 

1-NMe 3.90 (s) 35.0 C-2, C-8, C-8a 
2 - 153.5 - 
3 6.29 (s) 110.2 C-2, C-4, C-4a, C-1' 
4 - 177.1 - 
4a - 127.2 - 
5 7.62 (d, 3.0) 107.6 C-4, C-6, C-7, C-8a 
6 - 154.4 - 
7 7.31 (dd, 9.5, 3.0) 122.4 C-5, C-6, C-8a 
8 7.77 (d, 9.5) 118.3 C-6, C-4a 
8a - 136.0 - 
1' a: 2.98 (dd, 14.5, 5.5) 

b: 3.02 (dd, 14.5, 7.5) 
43.2 C-2, C-3, C-2', C-3' 

2' 4.14 (m) 66.6 C-2, C-3' 
3' 1.31 (d, 6.0) 22.3 C-1', C-2' 
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Abstract1 
Endophytic fungi were isolated from healthy leaves, roots and rhizomes of seagrass, 2 

Enhalus acoroides, Trang province, southern Thailand.  A total of 48 isolates of endophytic 3 
fungi were identified based on morphological characteristics:  Aspergillus sp. 1 isolate, 4 
Curvularia spp. 2 isolates, Cladosporium spp. 2 isolates, Fusarium spp. 2 isolates, Penicillium 5 
spp. 5 isolates, and Nigrospora spp. 3 isolates. Thirty-three isolates did not produce 6 
reproductive structures in cultures. Twenty-eight non-sporulating strains were selected for 7 
molecular identification based on rDNA sequence analyses. Endophytic fungi from E. 8 
acoroides are more abundance in medium age leaves than young and old leaves, respectively. 9 
Percentage of occurrence showed the highest value in medium age leaves �0.556%	. All of the 10 
isolates were cultured in PDB and extracted by ethyl acetate and hexane. Crude extracts were 11 
screened� for their antimicrobial activity using a colorimetric broth microdilution method 12 
against ten pathogenic microorganisms. The endophytic fungus Nigrospora PSU-ES5 13 
produced the best active extracts. Its CH and BE extracts had the strongest activity against M. 14 
gypseum �MIC 4 and 8 μg/ml, MBC 8 and 8 μg/ml, respectively). This result showed the 15 
potential of fungal endophyte that could produce antimicrobial substances.  16 
Keywords: Antimicrobial activity, Endophytic fungi, Seagrasses, Isolation, Enhalus acoroides  17 
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Introduction1 
It is well documented that endophytic fungi are a good source of bioactive natural 2 

products (Strobel et al., 2004; Gunatilaka, 2006; Verma et al., 2009; Aly et al., 2010). Most of 3 
the studied endophytic fungi were isolated from terrestrial plants �Naik et al., 2008, 4 
Gurulingappa et al., 2010, Chafre et al., 2010; Linares et al., 2010	. Bioactive natural products 5 
from marine endophytic fungi in particular from seagrasses have been rarely studied �Rowley 6 
et al., 2003�and Rodrigues, 2008	.  7 

   Seagrasses are marine flowering plants and important for marine ecology systems, 8 
reduce wave energy, stabilize the sand and provide a large variety of marine animals 9 
�Horinouchi�et al., 2009�and Hori et al., 2009	. They have been used in traditional medicine in 10 
India such as the roots of Enhalus acoroides as a remedy against sting by different kinds of 11 
rays and scorpion; Cymodocea spp. as a tranquillizer for babies, as soothing help during 12 
pregnancy and against cough and malaria; and Halophila spp. as a strong medicine against 13 
malaria, skin diseases and in the early stages of leprosy (Kumar et al., 2008). Previous reports 14 
on seagrass endophytes have been rarely studied and most of them have been focused on 15 
diversity and distribution (Wilson, 1998; Alva et al., 2002; Devarajan et al. 2002; Alva, 2005; 16 
Rodrigues, 2008 and Sakayaroj et al., 2010£.   17 

 Thailand is a rich source of biodiversity. The coastal areas of southern Thailand have 18 
many rich seagrass beds (Adulyanukosol and Poovachiranon, 2006). Twelve species 19 
representing 7 genera were reported through the coastal lines of the Andaman Sea and the Gulf 20 
of Thailand. Recently, Sakayaroj et al. (2010) reported the diversity of endophytic fungi 21 
isolated from seagrass Enhalus acoroides from Hat Khanom-Mu Ko Thale Tai National Park, 22 
southern Thailand. Therefore, this study aimed to isolate endophytic fungi from E. acoroides23 
from Trang Province and screen for their ability to produce antimicrobial active metabolites 24 
against human pathogens.  25 
Materials and methods26 
Source and isolation of endophytic fungi. 27 

Five E. acoroides plant samples were randomly collected from Trang Province, 28 
Thailand every month for a period of one year from June 2008 – May 2009. Seagrass samples 29 
including leaves, roots, and rhizomes were surface-sterilized with 10% ethanol (3min), 3% 30 
sodium hypochlorite �10sec	, 10% ethanol �3min	, rinsed two times in sterile distilled water 31 
and dried on a sterile paper towel, respectively. Leaves were divided into 3 age groups from 32 
the outermost leaves �oldest	 to the innermost leaves �youngest	 as old medium and young 33 
leaves. Each leaf age group was divided into 3 equal parts (upper, middle, and lower). Each of 34 
leaf part, root and rhizome was then cut into 6 fragments. Samples were placed onto potato 35 
dextrose-sea water agar (PDA-SW) supplemented with antibiotics (50 mg/L penicillin plus 36 
streptomycin). The plates were incubated at RT for up to 2 weeks until the outgrowth of 37 
endophytic fungi was observed. Endophytic fungi were subcultured into PDA without 38 
antibiotics. Each pure fungal isolate was maintained on PDA at 4oC and in 20% glycerol at -39 
80oC.  40 

The isolation rate was calculated according to Jordaan et al. (2006) as follows: 41 
Isolation rate = Total number of isolates yielded/Total number of sample segments 42 
Fermentations and extractions43 

Endophytic fungal cultures were grown on PDA and incubated at 25°C for 3-5 days. 44 
Six agar plugs (1 x 1 cm2) from the edge of the mycelium from an actively growing culture 45 
were inoculated into 500 mL Erlenmeyer flasks containing 300 mL potato dextrose broth 46 
(PDB) and incubated for 3 weeks at 25°C under stationary condition for production of 47 
antimicrobial metabolites (Phongpaichit et al., 2006). The culture broth was filtered to separate 48 
the filtrate and mycelia. The filtrate was extracted three times with an equal volume of ethyl 49 
acetate (EtOAc) in a separating funnel. The combined EtOAc extracts were dried over 50 
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anhydrous sodium sulphate (Na2SO4) and evaporated to dryness under reduced pressure at 1 
45°C using a rotary vacuum evaporator to give the BE extract. The fungal mycelia were 2 
extracted with 500 mL of methanol (MeOH) for 2 days. The aqueous MeOH layer was 3 
concentrated under reduced pressure. Distilled water (50 mL) was added to the extract and the 4 
mixture was then mixed with hexane (100 mL). The aqueous layer was then extracted three 5 
times with an equal volume of EtOAc. The hexane extract and the combined EtOAc extracts 6 
were dried over Na2SO4 and evaporated to dryness under reduced pressure at 45°C using a 7 
rotary vacuum evaporator to give CH and CE extracts respectively. All crude extracts were 8 
first subjected to thin-layer chromatography (TLC) and their H1 nuclear magnetic resonance 9 
(NMR) spectra were recorded. At least two batches of each isolate were extracted and checked 10 
for their identical TLC and MNR spectra. 11 

12 
Identification of endophytic fungi 13 

All endophytic fungi were identified based on their morphology and the analyses of the 14 
Internal Transcribed Spacers (ITS) of rDNA. Genomic DNA was extracted using the protocols 15 
described by Wang et al. (2005). The ITS regions were amplified by the polymerase chain 16 
reaction (PCR) with the universal and fungal specific primer pairs ITS5/ITS4 and ITS1F/ITS4. 17 
Purification of the DNA fragment was performed utilizing the NucleoSpin® Extract DNA 18 
purification kit Cat. No. 740 609.50 (Macherey-Nagel, Germany), as described by the 19 
manufacture’s protocol. DNA sequencing was performed using the primers mentioned above, 20 
at Macrogen, Korea. A BLAST Search was used to search for the closest matched sequences in 21 
the GenBank database (Altschul et al., 1990).  The fungal sequences in this study and other 22 
related sequences were multiple aligned using BioEdit 7.0.9 (Hall, 2007) and the alignments 23 
were adjusted manually where necessary to maximize alignment. Phylogenetic relationships 24 
were estimated using PAUP* v4.0b10 (Swofford, 2003).  The ITS sequences of endophytic 25 
fungi were submitted to GenBank for retrieving their accession numbers. 26 

27 
Antibacterial assay 28 

The dried endophytic fungal extracts were dissolved in dimethyl sulfoxide 29 
(DMSO) to prepare stock solutions and stored at –4oC until used. All  extracts at 30 
concentrations of 200� μg mL-1 were screened for antibacterial activity against 31 
Staphylococcus aureus ATCC25923, a clinical isolate of methicillin-resistant S. aureus32 
(MRSA) clinical isolate, Escherichia coli ATCC25922, and Pseudomonas aeruginosa33 
ATCC27853 by the colorimetric microdilution method according to a modification of 34 
CLSI M7-A4 (CLSI, 2000). Plates were incubated at 35oC� for� 15 hours,� then 10 μL of 35 
resazurin indicator (0.18%) was added to each well and examined after incubation for 2-3 36 
hours at 35oC for the completed reaction (Drummond and Waigh, 2000). After incubation, 37 
a blue or purple color of the wells indicated inhibition of growth (positive result) and a 38 
pink color meant growth had occurred (negative result). The MICs of active crude extracts 39 
were determined by the same method. The lowest concentration of extract that inhibited 40 
growth (blue or purple colour) was recorded as the MIC. Concentrations of crude extract 41 
less dilute than the MIC and the MIC were streaked onto nutrient agar (NA) plate and 42 
incubated under appropriate conditions. The lowest concentration of extract that showed 43 
no growth was recorded as the MBC. Vancomycin and gentamicin were used as standard 44 
antibacterial agents for positive inhibitory controls. 45 
Antifungal assay 46 

The endophytic fungal extracts were screened for their antifungal activity at a 47 
concentration of 200 μg/ml by a modification of the microbroth dilution CLSI M27-A2 (CLSI, 48 
2002a) against yeasts (Candida albicans ATCC90028 and NCPF3153, Cryptococcus 49 
neoformans ATCC90112 and ATCC90113) and a modification of the microbroth dilution 50 
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CLSI M38-A (CLSI, 2002b) against clinical isolates of Microsporum gypseum and Penicillium 1 
marneffei. Microtiter plates were incubated at 35oC for 24 hours for C. albicans, 48 hours at 2 
room temperature for C. neoformans, and 6 days at room temperature for M. gypseum and P. 3 
marneffei, then 10 μL resazurin indicator (0.18%) was added to each well and examined after 4 
incubation for 5 hours at 35oC for yeasts and one day for M. gypseum and P. marneffei as 5 
adapted from Drummond and Waigh (2000). The MFCs of the active extracts were determined 6 
by the streaking method on Sabouraud’s dextrose agar (SDA). Amphotericin B was used as a 7 
positive inhibitory control for yeasts and P. marneffeiand miconazole for M. gypseum. 8 

9 
Results10 
Endophytic fungal isolation and identification 11 

Forty-eight endophytic fungi were isolated from 3,300 fragments from E. acoroides, 45 12 
isolates from leaves, one from root and one from rhizome (Table 1). The percentage of 13 
occurrence in middle segment of young and medium leaves gave the highest values of 0.185% 14 
and 0.556%, respectively.  In old leaf, the highest isolation rate was from the lower segment 15 
(0.296%) (Fig. 1). 16 

Only 14 isolates produced conidia and were identified by morphological characteristics 17 
as: Aspergillus sp. ¤1 isolate£, Curvularia sp. ¤2 isolates£, Cladosporium sp. ¤2 isolates£, 18 
Fusarium sp. ¤2 isolates£, Penicillium sp. ¤4 isolates£, and Nigrospora sp. ¤3 isolates£. Thirty-19 
three isolates did not produce any reproductive structure and were classified as mycelia sterilia 20 
(Table 1). Twenty-eight different morphotypes were selected for molecular identification 21 
based on ITS sequence analyses ¤Table 3£.  22 

Phylogenetic analysis indicated that three fungal isolates were associated with Phylum 23 
Basidiomycota ¤Figure 2£. Two isolates ¤PSU-ES25 and PSU-ES49£¢ showed high nucleotide 24 
identity with¢ Schizophyllum commune (84.3-99.3%). Endophytic fungus PSU-ES174 had an 25 
affinity with various species of Phanerochaete, with P. sordida as the most closely related 26 
taxon (71.4-99.8% sequence similarities).  27 

Within the most parsimonious tree of¢ Phylum Ascomycota ¤Figure 3£, three different 28 
fungal groups were classified to the Sordariomycetes ¤17 isolates£, Eurotiomycetes (2 isolates)¢29 
and Dothideomycetes (6 isolates). Fungal endophytes belonging to the Sordariomycetes had 30 
affinities within 3¢orders including the Hypocreales, Xylariales and Trichosphaeriales.   31 

Twelve isolates had affinities with the Order Hypocreales. They were identified as 32 
Hypocrea lixii (PSU-ES22, PSU-ES207 and PSU-ES160), Trichoderma sp. (PSU-ES103), 33 
Simplicillium lanosoniveum ¤PSU-ES104£, Simplicillium lamellicola ¤PSU-ES108£, Fusarium 34 
sp. (PSU-ES123), Fusarium oxysporum (PSU-ES157), Hypocreales sp. (PSU-ES23, PSU-35 
ES203 and PSU-ES147) and Cordyceps memorabilis (PSU-ES197).  36 

Within the Xylariales, the endophytic fungus PSU-ES148 showed highest similarity 37 
with species of Pestalotiopsis. This fungus should be identified as Pestalotiopsis sp. Another 38 
two strains, PSU-ES106 and PSU-ES116, did not have any closely related species. Therefore, 39 
they could be tentatively identified as member of the Xylariaceae.   40 

Two isolates of endophyte assemblages (PSU-ES117 and PSU-ES151) were placed in 41 
the Trichosphaeriales. They were closely related and could be identified as Nigrospora sp. Due 42 
to high sequence identity with several Nigrospora species.  43 

The molecular identification confirmed that two isolates of PSU-ES159 and PSU-44 
ES194 should be classified in Class Eurotiomycetes, Order Eurotiales. PSU-ES159 could 45 
belong to Eupenicillium erubescens, while PSU-ES194 was identified as Penicillium 46 
verruculosum. 47 

Class Dothideomycetes comprised six isolates of endophytes: PSU-ES70 could be 48 
identified as Bipolaris spicifera, while PSU-ES56 was identified as Bipolaris sp. Endophytic 49 
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fungus PSU-ES24 gave closest relationships with the genus Phaeosphariopsis, therefore it 1 
should be identified as Phaeosphariopsis sp. The remaining isolates (PSU-ES127, PSU-ES146 2 
and PSU-ES210)¢ did not have any closest taxa. Thus they could be tentatively identified as 3 
Pleosporales sp. A summary of endophytic identification in the current study is shown in Table 4 
3. 5 

6 
Antimicrobial assay 7 

A total of 135 extracts were screened for their antimicrobial activity. The BE extracts 8 
gave the highest potential against filamentous fungi� �37.25%	¢ followed by CE against yeasts 9 
�34.88%	 and filamentous fungi �27.91%	 and CH�against yeasts �21.95%	, respectively �Table 10 
2	. The MIC values of the active extracts were in the range of 4-200 �g/ml (Table 4). Most of 11 
the extracts had high MBC or MFC values of 200 to >200 �g/ml.  The endophytic fungus 12 
Nigrospora PSU-ES5 produced the best active extracts with MIC values less than 10 �g/ml. 13 
It’s CH and BE extracts had the strongest activity against M. gypseum �MIC 4 and 8 μg/ml and  14 
MFC 8 and 8 μg/ml, respectively. Both extracts also showed antibacterial activity against both 15 
strains of  S. aureus (MIC 64 μg/ml). 16 

17 
Discussion18 

Seagrasses are natural resource and provide nursery habitats for juvenile fish for 19 
aquatic animal� �Horinouchi et al., 2009	. The association of endophytic fungi and their host 20 
plant tissue is believed to be complex �Owen and Hundley, 2004	. Many secondary 21 
metabolites are produced from seagrasses. Methanolic extracts from three estuarine seagrass 22 
species, Potamogeton pectinatus L. (sagopond weed), Potamogeton perfoliatus L. (redhead 23 
grass) and Ruppia maritima L. (wigeon grass) showed antibacterial activity using a disk 24 
diffusion assay. All extracts inhibited Gram-positive and a few Gram-negative bacteria�25 
�Bushmann and Ailstock 2006	. Extract from the common seagrasses, Ruppia maritima, 26 
showed higher potential for growth inhibition of Lindra thalassiae and Fusarium spp. �Ross et 27 
al., 2008	.  28 

There are only a few reports on the studies of the endophytic fungi from seagrasses 29 
(Wilson, 1998; Alva et al., 2002; Sakayaroj et al. 2010), while many reports showed the 30 
potential of endophytic fungi isolated from terrestrial plants �Wiyakrutta�et al., 2004, Kharwar 31 
et al., 2008 and Gu, 2009	. The endophytic fungi isolated from plants have been shown to have 32 
antifungal and antibacterial activities �Ina´cio�et al., 2006, Yang et al., 2006, Li et al., 2005 33 
and Li et al., 2008	.  34 

Forty-eight endophytic fungi obtained from this study belonged to Phyla Ascomycota 35 
¤93.62%£ and Basidiomycota ¤6.38%£. Molecular identification showed that 33 non-sporulating 36 
fungi were in association with three major classes: Sordariomycetes, Eurotiomycetes and 37 
Dothideomycetes. They were reported to be the most abundant endophytic groups isolated 38 
from various plant families (Arnold, 2007). In this study, we also found basidiomycetes 39 
occurred as the endophytes in E. acoroides. Normally, the basidiomycetous endophytes are 40 
rarely isolated from halo and mangrove plants, most of them were frequently reported from 41 
terrestrial plants (Wang et al. 2005; Rungjindamai et al. 2008). Our result was in concordance 42 
with a study by Sakayaroj et al (2010) which documented an endophytic basidiomycete 43 
(Peniophora sp.) from E. acoroides.   44 

Most of the endophytes found from our study were also commonly reported from other 45 
plants such as Aspergillus, Penicillium, Pestalotiopsis and Fusarium (Devarajan and 46 
Suryanarayanan 2002, Rungjindamai et al, 2008, Deshmukh et al, 2010, Pinruan et al, 2010, 47 
Sakayaroj et al, 2010; Buatong et al, 2011). Moreover, the frequent endophytes isolated from 48 
E. acoroides include the genera Bipolaris, Nigrospora, unidentified Hypocreales and 49 
unidentified Pleosporales (Sakayaroj et al, 2010). 50 
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In 2008, JianQiu et al. studied on diversity and ecological distribution of fungal 1 
endophyte from medicinal plants. It has been shown that the number of isolation rate and 2 
colonization rate were higher in twig than in leaves. The colonization and isolation rates of 3 
endophytic fungi in twigs increased with the age. Gond et al. �2007	�found that the endophytic 4 
fungi isolated from plant gave the highest colonization frequency in bark and leaves, while it is 5 
least in root. However, Sakayaroj et al. �2010	� studied on seagrass Enhalus acoroides and 6 
found the highest number of isolates in upper sections, which is different from this study. We 7 
found the highest number of isolates in middle, lower and upper sections, respectively. The 8 
distribution of fungal endophyte in plant tissue may association with many factors, age, 9 
seasonal, nutrient and collecting site��Wilson, 1998 and Abreu�et al., 2010	. 10 

In this study we could select the most potential isolate, Nigrospora sp. PSU-ES5 which 11 
produced the best active antifungal extracts with very low MIC comparable to the standard 12 
antifungal drugs. Therefore, endophytic fungi isolated from seagrasses were a good source of 13 
antimicrobial substance.  14 
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 Table 1 Number of endophytic fungi isolated from Enhalus acoroides  1 

 Fungi ¢ ¢ ¢¢¢¢¢¢¢¢Number of isolates ¤%£2 

    Leaves  Roots  Rhizomes 3 

Aspergillus sp.                     1 4 

Nigrospora sp.                                             35 

Penicillium sp.                                             46 

Curvularia sp.             2 7 

Cladosporium sp.             2 8 

Fusarium sp. 2  9 

Unidentified fungi             33       1       10 

Total ¤48 isolates£             46     1       1 11 

12 

13 
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Table 2 Percentages of active fungal crude extracts against at least one microorganism 1 

2 

Extracts     Active extracts �%	3 

   Gram-positive    Gram-negative     Yeasts     Filamentous fungi4 

5 

CH �41	 8�19.51	  0(0)  9�21.95	 14�34.15	6 

CE �43	 7�16.28	  2�4.65	  15�34.88	 12�27.91	7 

BE��51	 10�19.61	  6�11.75	 13�25.49	 19�37.25	8 

Total �135	 25�18.52	  8�5.93	  37�27.41	 45�33.33	9 
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Table 3. The identification of endophytic fungi isolated from Enhalus acoroides based on 1 

morphological characteristic and molecular data.  2 

Strain              Plant organ  Morphology                         Molecular                    Accession         3 

                                                     identification                      identification                   number  4 

PSU-ES2 Leaf  Penicillium sp.   �   �5 

PSU-ES3 Leaf  Penicillium sp.   �   �6 

PSU-ES4 Rhizome Aspergillus sp.   �   �7 

PSU-ES5 Leaf  Nigrospora sp.   �   �8 

PSU-ES21 Leaf  Penicillium sp.   �   �    9 

PSU-ES22 Leaf  Non-sporulating Hypocrea lixii                      JN116598 10 

PSU-ES23 Leaf  Non-sporulating  Hypocreales sp.        JN116599 11 

PSU-ES24 Leaf  Non-sporulating  Phaeosphaeriopsis sp           JN116600  12 

PSU-ES25 Leaf  Non-sporulating  Schizophyllum commune      JN116601 13 

PSU-ES45 Leaf  Curvularia sp.   �   �14 

PSU-ES49 Leaf  Non-sporulating  Schizophyllum commune      JN116615 15 

PSU-ES56 Leaf  Non-sporulating  Bipolaris sp.                    JN116619 16 

PSU-ES69 Leaf  Non-sporulating  Psilocybe sp.     �17 

PSU-ES70         Leaf              Non-sporulating  Bipolaris specifera                 JN116627 18 

PSU-ES71 Leaf  Curvularia sp.   �   �19 

PSU-ES103 Leaf  Non-sporulating  Trichoderma sp.                   JN116645 20 

PSU-ES104 Leaf  Non-sporulating  Simplicillium lanosoniveum JN116646 21 

PSU-ES106 Leaf  Non-sporulating  Xylariaceae sp.                     JN116648 22 

PSU-ES107 Leaf  Non-sporulating  Cochliobolus sp.   �23 

PSU-ES108 Leaf  Non-sporulating  Simplicillium lamellicola    JN116649 24 

PSU-ES111 Leaf  Non-sporulating  Cochliobolus sp.   �25 

PSU-ES114 Leaf  Nigrospora sp.   �   �26 

.PSU-ES116 Leaf  Non-sporulating Xylariaceae sp.                 JN116652 27 
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PSU-ES117 Leaf  Non-sporulating  Nigrospora sp.                 JN116653 1 

PSU-ES123 Leaf  Non-sporulating  Fusarium sp.                    JN116657 2 

 PSU-ES124 Leaf  Non-sporulating  Psilocybe sp.    �3 

PSU-ES125 Leaf  Cladosporium sp.  �   �4 

PSU-ES127 Leaf  Non-sporulating  Pleosporales sp.               JN116658 5 

 PSU-ES130 Leaf  Non-sporulating  Capnodiales sp.   �6 

PSU-ES134 Leaf  Cladosporium sp.  �   �7 

PSU-ES136 Leaf  Nigrospora sp.   �   �8 

PSU-ES137 Leaf  Fusarium sp.   �   �9 

PSU-ES139 Leaf  Penicillium sp.   �   �10 

PSU-ES146 Leaf  Non-sporulating  Pleosporales sp.               JN116669 11 

PSU-ES147 Leaf  Non-sporulating  Hypocreales sp.  JN116670 12 

PSU-ES148 Leaf  Non-sporulating  Pestalotiopsis sp.              JN116671  13 

PSU-ES151 Leaf  Non-sporulating  Nigrospora sp.                  JN116674 14 

PSU-ES157 Leaf  Non-sporulating  Fusarium oxysporum        JN116678  15 

PSU-ES158 Leaf  Fusarium sp.   �   �16 

PSU-ES159 Leaf  Penicillium sp.       Eupenicillium erubescens    JN116679 17 

PSU-ES160 Leaf  Non-sporulating  Hypocrea lixii   JN116680 18 

PSU-ES174 Root  Non-sporulating  Phanerochaete  sordida      JN116691  19 

PSU-ES194 Leaf  Non-sporulating  Penicillium verruculosum   JN116703  20 

PSU-ES197 Leaf  Non-sporulating  Cordyceps memorabilis       JN116706 21 

PSU-ES203 Leaf  Non-sporulating  Hypocreales sp.                    JN116711  22 

PSU-ES207 Leaf  Non-sporulating  Hypocrea lixii                       JN116715 23 

PSU-ES210 Leaf  Non-sporulating  Pleosporales sp.                   JN116717 24 

25 

26 

27 
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Table 4  Endophytic fungi showing potential antimicrobial activity (MIC < 100 �g/ml) 1 

2 

MIC (�g/ml) 

PSU 

code Extract

       

SA MRSA EC PA CA1 CA2 CN1 CN2 MG PM

ES4 CH             128 32     

ES4 BE 64 64 32       128   64   

ES5 BE 64 64         200 200 8   

ES5 CE 64 64         200 200 16   

ES5 CH                 4   

ES6 CH             128 64     

ES6 BE         64   64 128 200   

ES22   BE   128     128 200 32 64 64   

ES23 CH 128 128     200   64 200 128   

ES23 BE 200 200   200 200       64   

ES45 CE 200       128 64         

ES49 CE         64 200 128 64   32 

ES69 CE 64 32         128 200     

ES111 BE 128 128             16 128

ES114 BE 16 32 128   32 64 200 200     

ES123 CH 64           16 64   200

ES123 BE 64       200   128 64   200

ES123 CE 64       128   16 200     

ES136 BE 128 128     64 128 64 64     

ES137 CH 64 64                 
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ES139 BE 64   200       128 128     

ES158 CE             64 128 200   

ES160 BE                 64   

ES197 BE 200 64     200 200 200 128 64   

Vancomycin 0.5 1       

Gentamicin  1 1     

Amphotericin B    0.25 0.125 0.5 0.5 2  

Miconazole        2 

1 

SA, Staphylococcus aureus ATCC25923; MRSA, methicillin-resistant S. aureus clinical isolate; EC, Escherichia 2 

coli ATCC25923 ; PA, Pseudomonas aeruginosa ATCC27853; CA1, Candida albicans ATCC90028; CA2, C. 3 

albicans NCPF3153; CN1, Cryptpcoccus neoformans ATCC90012; CN1, C. neoformans ATCC90013; MG, 4 

Microsporum gypseum clinical isolate, PM, Penicillium marneffei clinical isolate  5 

BE, crude ethyl acetate extract from culture broth; CE, crude ethyl acetate extract from the fungal mycelia, CH, 6 

crude hexane extract from the fungal mycelia 7 
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Figure 1 The percentage of occurrence of endophytic fungi isolated from difference 3 

 segments from leaves, old, medium and young.      4 
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1 
2 

Figure 2.  Phylogenetic tree of fungal endophytes belong to Basidiomycota based on 3 
Maximum Parsimony analysis of ITS rDNA sequences. Length= 921; consistency index 4 
(CI)=0.696; retention index (RI)=0.897; homoplasy index (HI)=0.304; rescaled consistency 5 
index (RC)=0.624. Bootstrap values from Maximum Parsimony (MP BS) and Neighbour 6 
Joining (NJ BS) with 500 replications are shown on the branch. MP BS values �50 % are 7 
shown before the slash; NJ BS values �50 % are shown after the slash. 8 
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Figure3. Most parsimonious tree of ITS rDNA sequences of Ascomycota. Length= 1401; 1 
consistency index (CI)=0.279; retention index (RI)=0.871; homoplasy index (HI)=0.721; 2 
rescaled consistency index (RC)=0.243. Bootstrap values from Maximum Parsimony (MP BS) 3 
and Neighbour Joining (NJ BS) with 500 replications are shown on the branch. MP BS values 4 
�50 % are shown before the slash; NJ BS values �50 % are shown after the slash. Symbols 5 
represent in the different classes;  Sordariomycetes,  Eurotiomycetes and6 
Dothideomycetes.7 
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FUNGAL METABOLITES FROM 
THE MARINE-DERIVED FUNGUS 

NIGROSPORA SP. PSU-F18
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aDepartment of Chemistry, Faculty of Science, Prince of Songkla University,
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Investigation of bioactive compounds from fungi is of interest. The ethyl acetate extract 
from the culture broth of Nigrospora sp. PSU-F18 isolated from a sea fan Annella sp. exhibited antibacterial 
activity against standard Staphylococcus aureus ATCC 25923 (SA) and a clinical isolate of methicillin-resistant S. 
aureus (MRSA) with equal MIC values of 128 μg/mL. Thus, we are interested in the isolation and structural 
elucidation of antibacterial metabolites.

Introduction:

The flask culture of the marine-derived fungus Nigrospora sp. PSU-F18 was 
filtered to give two parts, the filtrate and mycelia. The filtrate was extracted three times with an equal volume of 
ethyl acetate (300 mL). The ethyl acetate layer was dried over anhydrous Na2SO4  and evaporated to dryness 
under reduced pressure to obtain a brown gum (4.2 g). The crude extract from the culture broth was separated by 
column chromatography over Sephadex LH-20 to afford five fractions (A-E). Fraction B was purified by column 
chromatography over silica gel with a gradient system of methanol-dichloromethane to obtain two new 
compounds (1 and 2). Fraction D was further separated by column chromatography over silica gel using a 
gradient system of ethyl acetate-light petroleum to give three known ones (3-5).

Materials and methods:

The investigation of the ethyl acetate extract from the culture broth of the 
marine-derived fungus Nigrospora sp. PSU-F18 led to the isolation of one new solanapyrone derivative (1), one new 
pyrone derivative (2) and three known compounds, solanapyrone A (3), musacin F (4) and 5-(S)-[1-(1(S)-
hydroxybut-2-enyl)]dihydrofuran-2-one (5). Their structures were assigned by spectroscopic methods.

Results and Conclusions:

1
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Introduction Introduction The secondary metabolites, for example, antifungal phomalactone, phytotoxic metabolite nigrosporins A 
and B, were isolated from the genus Nigrospora. The fungus Nigrospora sp. PSU-F11 was sampled from the gorgonian sea fan 
(Annella sp.) which was destroyed after Tsunami disaster in the region of Similan islands in the Southern Thailand. Its ethyl 
acetate extract exhibited antifungal activity against Microsporum gypseum with a MIC value of 640 mg/mL and antibacterial 
activity against Staphylococcus aureus, both standard and methicillin-resistant strains with equal MIC values of 1,280 μg/mL. 
In addition, it displayed antioxidant activity against DPPH�, hydroxyl� and superoxide� with IC50 values of 0.14, 0.50 and 3.83 
mg/mL, respectively. Thus, we are interested in the isolation and structural elucidation of bioactive metabolites from this 
fungus.

CYCLOHEXENE DERIVATIVES FROM THE MARINE-
DERIVED FUNGUS NIGROSPORA SP. PSU-F11

Nanthaphong Khamthonga, Vatcharin Rukachaisirikula, Souwalak Phongpaichitb,                        
Sita Preedanonb and Nongporn Hutadilok-Towatanac

aDepartment of Chemistry, Faculty of Science, Prince of Songkla University, Hat Yai, Songkhla 90112, Thailand.
bDepartment of Microbiology, Faculty of Science, Prince of Songkla University, Hat Yai, Songkhla 90112, Thailand.

cDepartment of Biochemistry, Faculty of Science, Prince of Songkla University, Hat Yai, Songkhla 90112, Thailand.

AbstractAbstract The ethyl acetate extract from the marine-derived fungus Nigrospora sp. PSU-F11, upon chromatographic 
separation, afforded one new cyclohexene derivative (1), one new cyclohexenone derivative (2) and one known phenol 
derivative, tyrosol (3). Their structures were elucidated by analysis of spectroscopic data and comparison of the 1H and 13C 
NMR data with those previously reported.

Methodology The flask culture of the marine-derived fungus 
Nigrospora sp. PSU-F11 (15 L) was filtered to separate into the 
filtrate and wet mycelia. The filtrate was extracted three times
with an equal volume of EtOAc (300 mL). The combined EtOAc 
extracts were dried over anhydrous Na2SO4 and evaporated to
dryness under reduced pressure to obtain a dark brown gum
(497.4 mg). The EtOAc extract from the culture broth was
separated by column chromatography (CC) over Sephadex LH-20
with MeOH to yield five fractions. Fraction 2 (287.9 mg) was 
further purified by CC over silica gel with a gradient system of
MeOH-CH2Cl2 to afford four subfractions. The second 
subfraction (45.5 mg, eluted with 2% MeOH-CH2Cl2) was 
rechromatographed by CC over silica gel with a gradient system 
of EtOAc-light petroleum, followed by purification on preparative 
TLC with 1% MeOH-CH2Cl2 (8 runs) to gain 2 (2.4 mg). The 
third subfraction (101.4 mg, eluted with 2-4% MeOH-CH2Cl2) 
was subjected to reverse phase CC with a gradient system of 
MeOH-H2O and subsequently purified by flash CC with a 
gradient system of MeOH-CH2Cl2 to give 1 (17.4 mg). 3 (2.7 mg) 
was obtained after subjecting fraction 3 (64.9 mg) to CC over 
silica gel with a gradient system of EtOAc-light petroleum.
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The investigation of the ethyl acetate extract from the culture 
broth of the marine-derived fungus Nigrospora sp. PSU-F11 led to 
the isolation of one new cyclohexene derivative (1), one new 
cyclohexenone derivative (2) and tyrosol (3). Their structures were 
elucidated by analysis of spectroscopic data. As a result of the 
presence of those isolated compounds in the 1H NMR spectrum, 
the mycelial extract was not further investigated. 
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Bioactive Substances from Garcinia Species and their Endophytic Fungi 
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Plants of the genus Garcinia are encountered 
mainly in tropical rainforests and have been used in 
traditional medicines for wound healing, anti-
inflammatory, anti-diarrhea and cytotoxic activities. 
They have produced an abundance of biologically 
active and structurally interesting natural products. 
Our research work on the discovery of bioactive 
substances from Garcinia plants grown in the 
southern part of Thailand led to the isolation of 
various types of compounds, including biphenyls, 
biflavones, benzophenones, benzopyrans, depsidones, 
isocoumarins, phloroglucinols, quinones, terpenes 
and xanthones. Some of them exhibited potent 
antibacterial,1-3 anti-HIV 1 and antioxidant4 activities. 

The discovery of taxol, an anticancer drug from the 
endophytic fungus Pestalotiopsis microspora 
isolated from the Himalayan yew tree Taxus 
wallichiana, draws our interest to search for 
bioactive compounds produced by fungal 
endophytes in Garcinia plants. Investigation of ten 
endophytic fungi resulted in the isolation of 
significant antifungal,5 antibacterial6 and 
antimycobacterial7 metabolites. This presentation 
will highlight our work on antibacterial xanthones 
from G. nigrolineata and G. scortechinii.  The 
isolation of bioactive compounds from the 
endophytic fungi will also be presented. 

 
 
 
 
 
 
 
 
 
 
 
 

                          G. hanburyi                         G. scortechinii                  G. nigrolineata                        Fungal endophytes  

                                                                                                                                                               from Garcinia species 
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��� Fungi belonging to the genus Nigrospora have been an important source of bioactive secondary 
metabolites, such as plant growth-inhibiting nigrosporolide and phomalactone, phytotoxic and antibacterial 
nigrosporins, and phytotoxic lactones. In an ongoing search for bioactive metabolites from marine-derived fungi, the 
crude extracts from culture broth of Nigrospora sp. PSU-F5, F11 and F12 exhibited antibacterial activity against 
Staphylococcus aureus ATCC 25923 (SA) and a clinical isolate of methicillin-resistant S. aureus (MRSA). These fungi 
were isolated from a gorgonian sea fan (Annella sp.) near Similan Islands and identified on the basis of sequence 
analyses of the ribosomal internal transcribed spacer and partial large subunit rDNA.  Eight new compounds 
including one cyclohexenone, two cyclohexenes, two pyrones and three epoxydons were isolated from these fungi 
together with 13 known metabolites. The structures were elucidated on the basis of spectroscopic data, especially 1D 
and 2D NMR.  Their antibacterial activity against SA and MRSA was evaluated.
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�������������
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��
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�������������
��� Each fungus was grown on potato dextrose agar at 25oC for 5 days. Three pieces 
(0.5x0.5 cm2) of mycelial agar plugs were inoculated into 500 ml Erlenmeyer flasks containing 300 ml of potato 
dextrose broth and incubated at room temperature for 4 weeks. The culture of each isolated fungus (10 l) was filtered 
to separate into the filtrate and wet mycelia. The filtrate was extracted with EtOAc (3x300 ml). The combined EtOAc
extracts were dried over anhydrous Na2SO4 and evaporated to dryness under reduced pressure to obtain a dark 
brown gum. The crude EtOAc extract was separated by CC over Sephadex LH-20 eluted with MeOH to give fractions. 
Selected fractions were further purified by CC or precoated TLC to obtain pure compounds.
�
�������
�������
�������
������ one new pyrone (1), three new epoxydons (2-4), 
and nine known compounds, (+)-epoxydon (5), (+)-
deoxyabscisic acid (6), abscisic acid (7), (+)-phaseic acid 
(8), pestalopyrone (9), hydroxypestalopyrone (10), clavatol
(11), 3-hydroxymethylphenol and 3,4-dihydro-3,4,8-
trihydroxy-1[2H]-naphthalenone were produced from 
Nigrospora sp. PSU-F5.
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Antibacterial Metabolites from Marine-Derived Fungi 
Nigrospora sp., PSU-F5, F11 and F12
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Two new cyclohexenes (12-13) and one new 
cyclohexenone (14) were obtained from Nigrospora sp. 
PSU-F11 together with tyrosol.
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One new pyrone (15) and three known compounds, 3-
isochromanone (16), (-)-drimenien (17) and diketo-
piperazine (18), were isolated from Nigrospora sp. PSU-
F12.
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��� The isolated metabolites, except for 1, 9, 11, 15 and napthalenone derivative for which 
insufficient material was available, were tested for antibacterial activity against SA and MRSA.  Only compounds 
isolated from Nigrospora sp. PSU-F5 displayed interesting results while the remaining compounds exhibited very 
weak activity. Compound 2 was more active than 5 against SA (MIC 64 μg/ml), but less active against MRSA (MIC > 128 
μg/ml).  Compound 5 gave the MIC value of 128 μg/ml against both strains.  
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 Marine-derived fungi are a rich source of structurally unique and biologically active 

secondary metabolites and a promising source of pharmaceutical leads.  During our ongoing 

search for bioactive natural products from marine-derived fungi, many fungal isolates have been 

isolated from a gorgonian sea fan (Annella sp.), collected near the Similan Islands, Southern 

Thailand. They were screened for their potential to produce antimicrobial and antioxidation 

substances. The fungi were selected on the basis of their biological data and 1H NMR profiles for 

further study on bioactive metabolites and new compounds. Structural elucidation of secondary 

metabolites, isolated from the marine-derived fungi in the genera Nigrospora, Penicillium, 

Xylaria and Fusarium, and their biological activities will be presented. 

 

 

 



Isolation of endophytic fungi from seagrass Thalassia hemprichii and their antimicrobial activity      
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MIC/MBC or MFC (μg/ml)
Fungal 
code Extracts S. aureus MRSA C. neoformans 1 C. neoformans 2

ES-43 CH 8/16

ES-73 CE 8/>200 8/>200 1/4 4/8

Vancomycin 0.5/1 1/2

Amphotericin B 1/4 1/4
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BE(40) CE(42) CH(40)

Gram-positive

Gram-negative

Yeasts

Filamentous fungi

1.Number of isolates of endophytic fungi from T. hemprichii

Leaves

Roots Rhizomes

3 3 

70

2.Percentages of active fungal crude extracts 
against at least one microorganism

3.The most potential of endophytic fungi

Drug resistant problem has increased worldwide. There is a need to find  novel sources of antimicrobial agents. Endophytes are 
microbes that live asymptomatically within various plant tissues (Gao et al., 2005). It was reported that 51% of biologically active 
substances were isolated from endophytic fungi (Schulze et al., 2002). Most of endophytic fungi studied were from terrestrial plants.

Seagrasses are marine plants with the same basic structures as the terrestrial plants. However, endophytic fungi from seagrasses
have been rarely studied, with few reports (Wilson, 1998; Alva et al., 2002). The coastal areas of Trang Province have many rich 
seagrass beds (Adulyanukosol et al., 2007). Therefore, this study aimed to isolate endophytic fungi from seagrass Thalassia hemprichii
from Trang Province and screen for their ability to produce antimicrobial active metabolites against human pathogens. 
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• Endophytic fungi isolated from seagrass T. hemprichii
showed the great ability to produce antimicrobial 
metabolites against Gram-positive bacteria and fungi, 
but not against Gram-negative bacteria.

• An unidentified endophytic fungus ES-73 was most 
active against MRSA and C. neoformans followed by 
ES-43 against C. neoformans.    

•The Royal Golden Jubilee Ph.D. Program 
•Graduate School, Prince of Songkla University
•Thailand Research Fund for the TRF Senior Research Scholar 
(Grant No.RTA5180007)
•The Center of Excellence for Innovation in Chemistry (PERCH-
CIC)

• Test microorganisms: Gram-positive bacteria 
(S. aureus and methicillin-resistant S. aureus, 
MRSA), Gram-negative bacteria (E. coli and P. 
aeruginosa), yeasts (C. albicans and C. 
neoformans) and fungi (M. gypseum and P. 
marneffei.

• Screening test at 200 μg/ml by colorimetric 
broth microdilution test. 

• Minimum Inhibitory Concentrations (MICs) and 
Minimum Bactericidal Concentrations (MBCs) or 
Minimum Fungicidal Concentrations (MFCs) by 
the same colorimetric broth microdilution. 

Seagrass sample collection
Seagrass samples were randomly collected 

from Trang Province every month for a period of 
1 year. The samples were identified asThalassia
hemprichii according to their morphology.

Fungal isolation
Endophytic fungi were isolated from surface-sterilzed leaves, roots 

and rhizomes of T. hemprichii into axenic culture. All isolates were 
grown on PDA and kept at RT until use. 

Extract preparation

Culture filtrate

EtOAc x3

Fungal mycelium

Hexane x2
MeOH 2 days

BE ( Broth EtOAc)

CH (Cell Hexane)

EtOAc x2

CE (Cell EtOAc)

Hexane Aqueous MeOH

Fermentation broth (PDB at RT, 3-4 weeks

Antimicrobial assays

Seventy-six endophytic fungi were isolated, 
mostly from leaves of T. hemprichii. Only 
12 isolates (22.4%) could be identified into 
six genera based on morphological 
characteristics: Cladosporium sp. (2), 
Curvularia sp. (3), Fusarium sp. (3), 
Nigrospora sp. (1),, Penicillium sp. (2), and 
Trichoderma sp. (1).   

Plates after testing for 
antimicrobial activity in 
modified resazurin assay. 
Pink colour indicates growth 
and blue means inhibition of 
growth.

Fusarium sp.

Trichoderma sp.Penicillium sp.

Curvularia sp.Cladosporium sp.

Nigrospora sp.
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Bioactive Metabolites from Sea Fan-derived Fungi 
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� Marine-derived fungi have become an 
important source of structurally unique and 
pharmacologically active secondary metabolites. As 
part of our continuing search for bioactive 
metabolites from marine-associated fungi, many 
fungal strains were isolated from a gorgonian sea fan 
of the genus Annella. Their broth extracts were 

screened for potential to produce antimicrobial and 
antioxidation substances. The fungi were selected 
for further study on the basis of the biological and 
1H NMR data of the crude extracts. This 
presentation will focus on metabolites isolated 
from nine sea fan-derived fungi and their 
biological activity. 
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INTRODUCTION:INTRODUCTION: Botryosphaeria rhodina is one of the most widely distributed endophytic fungi.  This microorganism 
produces an array of bioactive natural products, such as lasiodiplodin, inosin, p-hydroxyphenylethanol and ergosterol. In an 
ongoing search for bioactive fungal metabolites, we discovered antimycobacterial activity against Mycobacterium tuberculosis in 
the broth extract of B. rhodina PSU-M114, isolated from the leaves of Garcinia mangostana. We described herein the isolation 
and characterization of seven metabolites isolated from the broth extract.

MATERIALS AND METHODS:MATERIALS AND METHODS: The culture of the endophytic fungus 
B. rhodina PSU-M114 was filtered to give two parts; the filtrate and wet mycelia.
The filtrate was extracted three times with an equal volume of EThe filtrate was extracted three times with an equal volume of EtOAc (300 tOAc (300 mLmL).). The 
EtOAc extract was dried over anhydrous Na2SO4 and then evaporated to dryness 
under reduced pressure to give a brown gum (2.12 g). The  EtOAc extract was 
separated by CC over Sephadex LH-20 to afford five fractions. Fraction 2 (1.12 g) 
was separated by CC over silica gel to afford five subfractions. The second 
subfraction yielded 2 (3.3 mg) and 6 (124.2 mg). The fourth subfraction (393.3 mg) 
was separated by CC over silica gel to afford four subfractions. The second
subfraction afforded 7 (130.3 mg). The third subfraction was separated by
preparative TLC with 3% MeOH-CH2Cl2 (4 runs) as a mobile phase to afford 1 (9.3 
mg). Fraction 3 (400.5 mg) was purified by CC over silica gel to afford 3 (1.7 mg) 
and 4 (1.2 mg). Fraction 4 (63.3 mg) was separated by CC over Sephadex LH-20 to 
afford 5 (2.6 mg). 

METABOLITES FROM THE ENDOPHYTIC METABOLITES FROM THE ENDOPHYTIC 
FUNGUS FUNGUS BOTRYOSPHAERIA RHODINABOTRYOSPHAERIA RHODINA PSUPSU--M114M114

ABSTRACTABSTRACT:: Chromatographic separation of the ethyl acetate extract from the broth of endophytic fungus Botryosphaeria
rhodina PSU-M114 afforded a new carboxylic acid derivative (1) together with six known compounds, (R)-(-)-mellein (2), cis-4-
hydroxymellein (3), trans-4-hydroxymellein (4), (R)-(-)-5-hydroxymellein (5), 5,6-dihydro-6-propylpyran-2-one (6) and (4R, 6S)-
tetrahydro-4-hydroxy-6-propylpyran-2-one (7). Their structures were elucidated by analysis of spectroscopic data, especially 
1D and 2D NMR data.

RESULTS DISCUSSION RESULTS DISCUSSION 

AND CONCLUSIONS:AND CONCLUSIONS:

The investigation of the ethyl 
acetate extract from the broth of the 
endophytic fungus B. rhodina PSU 
M114 led to the isolation of a new 
carboxylic acid derivative (1) together 
with six known compounds, (R)-(-)-
mellein (2), cis-4-hydroxymellein (3),
trans-4-hydroxymellein (4), (R)-(-)-5-
hydroxymellein (5), 5,6-dihydro-6-
propylpyran-2-one (6) and (4R, 6S)-
tetrahydro-4-hydroxy-6-propylpyran-2-
one (7). Their structures were 
elucidated on the basis of spectroscopic 
data.
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IntroductionIntroduction The secondary metabolites, for example, antifungal phomalactone, phytotoxic metabolite nigrosporins A and B 
were isolated from the genus Nigrospora. The fungus Nigrospora sp. PSU-F12 was sampled from the gorgonian sea fan (Annella sp.)
which was destroyed after Tsunami disaster in the region of Similan islands in Southern Thailand. Its ethyl acetate extract exhibited
antibacterial activity against Staphylococcus aureus with a MIC value of 1,280 μg/mL and antioxidant activity in DPPH� assay with
a IC50 value of 1.53 mg/mL. Thus, we are interested in the isolation and structural elucidation of bioactive metabolites from this 
fungus.
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AbstractAbstract The ethyl acetate extract from the marine-derived fungus Nigrospora sp. PSU-F12, upon chromatographic separation, 
afforded one new α-pyrone derivative (1) together with three known compounds, 3-isochromanone (2), (-)-drimenin (3) and 
diketopiperazine derivative (4). Their structures were elucidated by analysis of spectroscopic data and comparison of the 1H and
13C NMR data with those previously reported.
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MethodologyMethodology The flask culture of the marine-derived 
fungus Nigrospora sp. PSU-F12 (10.8 L) was filtered to separate 
into the filtrate and wet mycelia. The filtrate was extracted three 
times with an equal volume of EtOAc (300 mL). The EtOAc layer 
was dried over anhydrous Na2SO4 and evaporated to dryness 
under reduced pressure to obtain a dark brown gum (519.3 mg). 
The crude EtOAc extract was separated by column 
chromatography (CC) over Sephadex LH-20 with MeOH to give 
four fractions. Fraction 2 (266.6 mg) was purified by CC over 
silica gel with a gradient system of MeOH-CH2Cl2 to give four 
subfractions. Subfraction 1 (17.9 mg, eluted with 1% MeOH-
CH2Cl2), was purified by preparative TLC using 3% EtOAc-
light petroleum (7 runs) as a mobile phase to get 2 (0.6 mg) and 3 
(5.7 mg). Compound 1 (0.6 mg) was obtained after subjecting 
subfraction 2 (4.4 mg, eluted with 1-2% MeOH-CH2Cl2) to 
preparative TLC using 4% EtOAc-light petroleum as a mobile 
phase (9 runs). Subfraction 3 (58.3 mg, eluted with 2-8% MeOH-
CH2Cl2) was subjected to CC over silica gel with a gradient 
system of MeOH-CH2Cl2 to give 4 (1.2 mg)

The investigation of the ethyl acetate extract from the broth of
the fungus Nigrospora sp. PSU-F12 led to the isolation of one new 
α-pyrone derivative (1), together with 3-isochromanone (2), (-)-
drimenin (3) and diketopiperazine derivative (4). Their 
structures were elucidated by analysis of spectroscopic data.

Results, Discussion and ConclusionResults, Discussion and Conclusion
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�������	�
���������	�
�� Fungi in the genus Fusarium having capability of producing various bioactive metabolites have drawn 
attention from many chemists to investigate their metabolites so far. The fungi in this genus yield a broad range of bioactive 
secondary metabolites such as antifungal fusarielin E, antibacterial neomangicol B and antimicrobial neofusapyrone. The 
ethyl acetate extract from the broth of the marine-derived fungus Fusarium sp. PSU-F135 was active in antimicrobial assay 
against Staphylococcus aureus (SA) and Microsporum gypseum (MG) with the MIC values of 128 and 32 ����g/mL, respectively. 
These results prompted us to chemically investigate this fungus.
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�%$��&	��%$��&	� The investigation of the broth extract from the marine-derived fungus Fusarium sp. PSU-F135 afforded two new 
metabolites: one carboxylic acid derivative (1) and one phenol derivative (2), and three known 1,4-naphthoquinone 
derivatives: javanicin (3), 5-hydroxy-8-methoxy-2,4-dimethylnaphtho[1,2-b]furan-6,9-dione (4) and fusarubin (5). Compound 5 
exhibited antibacterial activity against Staphylococcus aureus and antifungal activity against Microsporum gypseum with 
respective MIC values of 128 and 64 ����g/mL. The structures were elucidated based on spectroscopic data.

�"�'���(�)*�"�'���(�)* The flask culture was filtered to separate 
filtrate from wet mycelia. The filtrate was extracted three times 
with an equal volume of EtOAc. The EtOAc layer was dried 
over anhydrous Na2SO4 and evaporated to dryness under 
reduced pressure to give a red-brown gum (839 mg). The 
extract was separated by column chromatography (CC) over 
Sephadex LH-20 to afford five fractions (A-E). Fraction B was 
further purified by CC over silica gel to give 1 (2.8 mg). 
Purification of fraction C was performed using the same 
procedure as fraction B to give 2 (1.8 mg), 3 (2.1 mg) and 4 
(1.4 mg). 5 (3.2 mg) was obtained after fraction D was applied 
to CC over silica gel and subsequently subjected to 
preparative TLC.

The broth ethyl acetate extract from the fungus Fusarium sp. 
PSU-F135, upon chromatographic separation, yielded two 
new metabolites:  one carboxylic acid derivative (1) and one 
phenol derivative (2), together with three known 1,4-
naphthoquinone derivatives: javanicin (3), 5-hydroxy-8-
methoxy-2,4-dimethylnaphtho[1,2-b]furan-6,9-dione (4) and 
fusarubin (5). Compound 5 showed antimicrobial activity 
against SA and MG with respective MIC values of 128 and 64 
����g/mL. Their structures were elucidated by spectroscopic 
data and comparison with those previously reported in the 
literature.
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���
�����	�� The endophytic fungus B. rhodina PSU-
M35 was isolated from the leaves of Garcinia mangostana. 
From previous investigation, various types of compounds 
were isolated from the genus Botryosphaeria. Some of them 
showed interesting biological activities such as 
antibacterial primin, antiseptic mellein, phytotoxic 4-
hydroxymellein and antimicrobial lasiodiplodin. Therefore, 
we are interested in the isolation and characterization of 
metabolites from B. rhodina PSU-M35 and their antibacterial 
activity against Staphylococcus aureus ATCC 25923 (SA) 
and a clinical isolate of methicillin-resistant S. aureus
(MRSA).

����������� The ethyl acetate extract of the 
culture filtrate was fractionated by column 
chromatography (CC) over Sephadex LH-20 to obtain 
five fractions (A-E). Fraction B was purified by CC 
over silica gel followed by CC over reverse phase 
silica gel to afford four fractions (B1-B4). Fraction B2 
was subjected to CC over silica gel and preparative 
thin-layer chromatography (PTLC) to obtain 4 (0.7 
mg). Fraction B3 was separated by CC over silica gel 
to afford four fractions (B31-B34). Compound 2 (1.5 
mg) was obtained from the first fraction after 
purification by PTLC. Fraction B33 afforded 1 (4.3 mg) 
and 3 (2.8 mg) after purification by CC over silica gel. 
Fraction D was separated by CC over silica gel to 
afford 5 (13.6 mg) and 6 (7.8 mg). Their structures 
were elucidated by spectroscopic methods. 
Compounds 1-3 and 5-6 were tested for antibacterial 
activity against SA and MRSA.

!�
���
" #	
��

	��� ���� $�����
	�� The 
chemical investigation of the ethyl acetate extract from the 
culture broth of B. rhodina PSU-M35 led to the isolation of 
four new compounds, three dimeric ����-lactone (1-3) and one 
hexahydroindenofuran (4), together with two known ones, 
(3S,4S)-(-)-4-acetyl-3-methyl-2(3H)-dihydrofuranone (5) and 
dihydro-4-(hydroxymethyl)-3,5-dimethyl-2(3H)-furanone (6). 
Compounds 1-3 and 5-6 displayed no antibacterial activity 
against SA and MRSA at the concentration of 200 ����g/mL. 
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The culture of the endophytic fungus M. arundinis PSU-H18 was 
filtered to give two parts: the filtrate and mycelia. The filtrate was 
extracted with EtOAc and the resulting EtOAc layer was evaporated 
to dryness under reduced pressure to give the crude EtOAc extract. 
The wet mycelia were extracted with MeOH. The MeOH extract was 
concentrated under reduced pressure and H2O was then added. The 
aqueous MeOH layer was washed with hexane and then extracted 
with EtOAc. The EtOAc extract was evaporated to dryness under 
reduced pressure to give the crude EtOAc extract. Both crude 
EtOAc extracts were combined because they showed similar 1H 
NMR signals. The combined extracts (6 g) were separated by CC 
over Sephadex LH-20 using MeOH to yield four fractions (A-D). 
Fraction B (950.0 mg) was further purified by silica gel CC using a 
gradient of MeOH–CH2Cl2 to give eight subfractions (B1-B8). 
Subfraction B2 (20.2 mg) was subjected to silica gel CC using a 
gradient of EtOAc–light petroleum to give 1 (1.7 mg), 2 (3.9 mg) and 
3 (1.4 mg). Subfraction B3 (70.7 mg) was purified using the same 
method as fraction B to afford ten subfractions (B3a-B3j). 
Subfraction B3g was subjected to precoated TLC using 50% 
chloroform in light petroleum as a mobile phase (10 runs) to afford 
4 (2.3 mg) and 5 (3.2 mg). Fraction C (4.6 g) was purified using the 
same method as fraction B to give fourteen subfractions (C1-C14). 
Subfraction C1 contained 6 (429.0 mg). Subfraction C3 (290.0 mg) 
was separated by silica gel CC using a gradient of acetone-CH2Cl2
to give six subfractions (C3a-C3f). Subfractions C3b (45.0 mg) and 
C3c (110.2 mg) were further purified using the same method as 
fraction C to afford 7 (4.5 mg) and 8 (15.0 mg), respectively. 
Subfraction C5 (500.1 mg) was subjected to silica gel CC using a 
gradient of  MeOH–CH2Cl2 to give 8 (25.1 mg).
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The Microsphaeropsis genus is a rich source of bioactive 
compounds such as antibacterial microsphaerins A-C, 
antimycobacterial, antiplasmodial and cytotoxic preussomerins 
E-I and antibiotic  TAN-1496s A-E.  We described herein the 
isolation and characterization of metabolites isolated from the 
endophytic fungus Microsphaeropsis arundinis PSU-H18.

Ubonta Sommarta, Vatcharin Rukachaisirikula,                                                    
Souwalak Phongpaichitb, and Jariya Sakayarojc

The investigation of the ethyl acetate extract from the 
endophytic fungus M. arundinis PSU-H18 led to the isolation of 
one new modiolin derivative (1) and three new phthalide
derivatives (2-4) together with five known compounds; modiolin
(5), sclerin (6), 7-methoxy-3,4,5,6-tetramethylphthalide (7), 
deoxycyclopaldic acid (8) and sclerotinin A  (9). Their structures 
were assigned by spectroscopic method.
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Bioactive Metabolites from Endophytic Fungi Isolated 
from Garcinia Plants 
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Abstract 
Plants of the genus Garcinia are encountered mainly in tropical rainforests and have been used in 

traditional medicines for wound healing, antibacterial and cytotoxic activities. Our research work on 

the discovery of bioactive substances from Garcinia plants distributed in the southern part of Thailand 

led to the isolation of various types of compounds, for example, benzophenones, benzopyrans, 

biphenyls, depsidones, isocoumarins, phloroglucinols, quinones, and xanthones.  Some of them 

exhibited potential antibacterial, anti-HIV 1 and antioxidant activities.  

Endophytic fungi are an important source of a variety of metabolites with novel structures and 

interesting biological activities. Moreover, some fungal endophytes produced bioactive compounds 

previously isolated from higher plants.  In connection with our research program on the isolation of 

bioactive substances from Garcinia plants, many endophytic fungi were isolated from these plants 

and screened for their ability to produce bioactive metabolites, especially antibacterial and antifungal 

compounds against human pathogens. This presentation will highlight our work on metabolites 

isolated from fourteen Garcinia-associated fungi and their biological activity. 

Keywords: Endophytic fungi, Garcinia plants, Bioactive metabolites. 



IntroductionIntroduction The marineThe marine--derived fungi in the genus derived fungi in the genus TrichodermaTrichoderma produces many types of bioactive metabolites such as antiproduces many types of bioactive metabolites such as anti--mycobacterialmycobacterial
aminolipopeptideaminolipopeptide trichoderinstrichoderins, antifungal , antifungal trichodermaketonetrichodermaketone A and A and cytotoxiccytotoxic dipeptidedipeptide trichodermamidetrichodermamide B. These fungal metabolites haveB. These fungal metabolites have
drawn attention from chemists to further investigate bioactive compounds from fungi in this genus. Tdrawn attention from chemists to further investigate bioactive compounds from fungi in this genus. The marinehe marine--derived fungus derived fungus TrichodermaTrichoderma sp.sp.
PSUPSU--FF95 95 was isolated from a gorgonian sea fan (was isolated from a gorgonian sea fan (AnnellaAnnella sp.). Its broth ethyl acetate extract was active in antibacterial assay againstsp.). Its broth ethyl acetate extract was active in antibacterial assay against
Staphylococcus Staphylococcus aureusaureus (SA)(SA) and and methicillinmethicillin--resistant SA with the MIC values of resistant SA with the MIC values of 160 160 and and 320 320 μμg/g/mLmL, respectively. , respectively. This prompted us to chemicallyThis prompted us to chemically
investigate bioactive compounds from this fungus.investigate bioactive compounds from this fungus.

ChromonesChromones and and anthraquinonesanthraquinones from the marinefrom the marine--derived derived 
fungus fungus TrichodermaTrichoderma sp. PSUsp. PSU--FF9595
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AbstractAbstract The investigation of the broth extract from the marineThe investigation of the broth extract from the marine--derived fungus derived fungus TrichodermaTrichoderma sp. PSUsp. PSU--FF95 95 afforded two afforded two chromoneschromones, , aloesonealoesone
((11) and ) and 22--((22′′SS--hydroxypropyl)hydroxypropyl)--55--methylmethyl--77--hydroxychromone (hydroxychromone (22), and two ), and two anthraquinonesanthraquinones, , pachybasinpachybasin ((33) and ) and isorhodoptilometrinisorhodoptilometrin ((44). The). The
structures were determined by analysis of spectroscopic data. Compound structures were determined by analysis of spectroscopic data. Compound 4 4 exhibited moderate antibacterial activity against exhibited moderate antibacterial activity against methicillinmethicillin--resistantresistant
Staphylococcus Staphylococcus aureusaureus with a MIC value of with a MIC value of 16 16 μμg/g/mL.mL.

MethodologyMethodology The flask culture was filtered to separate filtrate from wet mycelia. The filtrate was extracted three times with an equalThe flask culture was filtered to separate filtrate from wet mycelia. The filtrate was extracted three times with an equal
volume of volume of EtOAcEtOAc. The combined . The combined EtOAcEtOAc layer was dried over anhydrous Nalayer was dried over anhydrous Na22SOSO44 and evaporated to dryness under reduced pressure to give aand evaporated to dryness under reduced pressure to give a
dark brown gum (dark brown gum (640 640 mg). The extract was separated by column chromatography (CC) over mg). The extract was separated by column chromatography (CC) over SephadexSephadex LHLH--20 20 to afford five fractions (Ato afford five fractions (A--E).E).
Fraction B was further purified by CC over reverse phase silica gel to give Fraction B was further purified by CC over reverse phase silica gel to give 1 1 ((33..6 6 mg) and mg) and 2 2 ((33..9 9 mg). Purification of fraction C was performedmg). Purification of fraction C was performed
using the same procedure as fraction B to afford using the same procedure as fraction B to afford 4 4 ((44..9 9 mg). mg). 3 3 ((55..7 7 mg) was obtained after fraction D was applied to CC over reverse phase silicamg) was obtained after fraction D was applied to CC over reverse phase silica
gel and subsequent preparative TLC. gel and subsequent preparative TLC. 

Results, Discussion and Conclusion Results, Discussion and Conclusion The broth 
ethyl acetate extract from the fungus ethyl acetate extract from the fungus TrichodermaTrichoderma sp. PSUsp. PSU--FF9595, upon , upon 
chromatographic separation, yielded two chromatographic separation, yielded two chromoneschromones, , aloesonealoesone ((11) and ) and 
22--((22′′SS--hydroxypropyl)hydroxypropyl)--55--methylmethyl--77--hydroxychromone (hydroxychromone (22), and two ), and two 
anthraquinonesanthraquinones, , pachybasinpachybasin ((33) and ) and isorhodoptilometrinisorhodoptilometrin ((44).). Their Their 
structures were elucidated by spectroscopic data and comparison structures were elucidated by spectroscopic data and comparison 
with those previously reported in the literature. Compound with those previously reported in the literature. Compound 4 4 showed showed 
moderate antibacterial activity against SA with the MIC value of moderate antibacterial activity against SA with the MIC value of 16 16 
μμg/g/mL.mL.
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Investigation of the ethyl acetate extract from the culture broth of the unidentified endophytic fungus 
PSU-G3 led to the isolation of one new ��-pyrone derivative (1) together with six known compounds, 
rosellisin (2), cladobotrin VI (3) and novae-zelandin A (4), Sch 725674 (5), indole 3-acetic acid and 4-
hydroxyphenylacetic acid. The structures were determined by analysis of spectroscopic data, especially 
1D and 2D NMR spectroscopic data.
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In our ongoing search for bioactive fungal 
metabolites, we discovered that the ethyl acetate 
extract from the culture broth of the unidentified 
endophytic fungus PSU-G3 exhibited interesting 
antioxidation activity with IC50 values of 0.14 (DPPH•) 
and 0.92 (O2

•-) mg/mL. Moreover, the 1H NMR profile 
showed the presence of aromatic and olefinic 
protons. Therefore, we are interested in the isolation 
and structural elucidation of antioxidant metabolites.
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One new α-pyrone derivative (1), together with three known compounds: rosellisin (2), cladobotrin VI 
(3), novae-zelandin A (4), indole 3-acetic acid and 4-hydroxyphenylacetic acid, were obtained from the 
ethyl acetate broth extract of the unidentified endophytic fungus PSU-G3 while one known compound 
(5) was obtained from the mycelial extract . Their structures were assigned by spectroscopic method.
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Antimicrobial activity of endophytic fungi isolated from seagrass, Enhalus acoroides
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1. To isolate endophytic fungi from seagrass Enhalus acoroides from Trang province, Thailand
2. To primary screen for antimicrobial metabolites from endophytic fungi against human pathogenic microorganisms

Seagrass sample collection
E. acoroides samples were randomly 
collected from Trang Province every month 
for a period of one year. The samples were 
identified as E. acoroides according to their 
morphology.
Fungal isolation

Endophytic fungi were isolated from 
surface-sterilzed leaves, roots and rhizomes 
of E. acoroides into axenic culture. All 
isolates were grown on PDA and kept at RT 
until use. 

Seagrasses are marine flowering plants growing in estuaries and shallow waters. They are important components for primary production 
and ecosystems (Sieber, 2007). Rich seagrass beds have been found in Trang province, Thailand (Adulyanukosol et al., 2007). 

Endophytic fungi are fungi that colonize in plant tissue without causing any symptom. They may play an important role in host 
protection against pests (Vidal et al., 2006). Furthermore, several reports have shown the antimicrobial potential of endophytic fungi against
pathogenic microorganisms (Huang et al., 2001, Phongpaichit et al., 2006, Paul et al., 2007). However, endophytic fungi from seagrasses have
been rarely studied, with few reports (Wilson, 1998; Alva et al., 2002). Therefore, endophytic fungi from seagrasses might be a new source for 
a novel antimicrobial natural products.

• Test microorganisms: 
• Gram-positive bacteria (S. aureus and 

methicillin-resistant S. aureus, MRSA)
• Gram-negative bacteria (E. coli and P. 

aeruginosa)
• Yeasts (C. albicans and C. neoformans) 
• Filamentous fungi (M. gypseum and P. 

marneffei).
• Screening test at 200 µg/ml by colorimetric 

broth microdilution test. 
• Minimum Inhibitory Concentrations (MICs) 

and Minimum Bactericidal Concentrations 
(MBCs) or Minimum Fungicidal 
Concentrations (MFCs) by the same 
colorimetric broth microdilution. 

Culture filtrate

EtOAc x3

Fungal mycelium

Hexane x2
MeOH 2 days

BE ( Broth EtOAc)

CH (Cell Hexane)

EtOAc x2

CE (Cell EtOAc)

Hexane Aqueous MeOH

Fermentation broth (PDB at RT, 3-4 weeks

Extract preparation and Antimicrobial assays

Plates after testing for 
antimicrobial activity in 
modified resazurin assay. 
Pink colour indicates growth
and blue means inhibition of 
growth.

• Endophytic fungi from E. acoroides had a great ability to 
produce antimicrobial metabolites.

• Crude extracts (CH) showed the most activity against human 
pathogenic microorganisms.

• Nigrospora sp. PSU-ES5 produced the best active extracts.

Figure 1. Percentages of active fungal crude extracts (200µg/ml)
against test microorganisms

Fig. 2 Nigrospora sp. PSU-ES5

A total of 47 endophytic fungi were isolated from seagrass
E. acoroides. One hundred and sixteen out of 136 extracts 
(85.3 %) from 39 fungal isolates (83.0 %) exhibited antimicrobial 
activities against at least one pathogen. Most of the extracts 
were active against yeasts, followed by filamentous fungi, 
Gram-positive, and Gram-negative bacteria, respectively (Fig 1). 
The endophytic fungus Nigrospora PSU-ES5 (Fig 2) produced 
the best active extracts with MIC values less than 10 µg/ml. Its 
CH and BE extracts had the strongest activity against M. 
gypseum (MIC 4 and 8 µg/ml, MFC 8 and 8 µg/ml), respectively 
(Table 1). 
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Table 1. Antimicrobial activity of extracts   
from  Nigrospora sp. PSU-ES5

10% EtOH
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Methicillin-resistant Staphylococcus aureus (MRSA) is one of the most important hospital-
associated pathogens.  In recent years MRSA has also become an important cause of disease in people 
in the community.  Moreover, It is resistant to 
-lactam antibiotics, including penicillin, methicillin, 
and cephalosporins. Hence, there is a need to discover new classes of antibiotics to treat infection with 
MRSA. 

Plants of the genus Garcinia are encountered mainly in tropical rainforests and have been
used in traditional medicines for wound healing, antibacterial and cytotoxic activities. They have 
produced an abundance of biologically active and structurally interesting natural products. Our 
research work on antibacterial metabolites against MRSA from Garcinia plants led to the isolation of 
potent antibacterial substances. The discovery of taxol, an anticancer drug from the endophytic fungus 
Pestalotiopsis microspora isolated from the yew tree Taxus wallichiana, draws our interest to search 
for antibacterial compounds produced by fungal endophytes in Garcinia plants. In addition, we are 
interested in marine-derived fungi as they are also rich sources of structurally unique and biologically 
active secondary metabolites. This presentation will focus on antibacterial activity against MRSA of 
the metabolites from Garcinia plants, and Garcinia-associated and sea fan-derived fungi.�
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