
 
สญัญาเลขท่ี BRG5880006 

 
ช่ือโครงการ:  องคป์ระกอบทางเคมแีละฤทธิท์างชวีภาพจากพชื ราและเหด็ 
 Chemical constituents and their bioactivities from plants, fungi and mushroom 

รายงานรายงานฉบบัสมบรูณ์ 
 

รายงานในช่วงตัง้แต่ วนัที ่  31 สงิหาคม 2558 ถงึวนัที ่31 กรกฏาคม  2561 
 
ช่ือหวัหน้าโครงการ  นายสมเดช กนกเมธากลุ       
1. การด าเนินงาน     ไดเ้ปลีย่นแปลงแผนทีว่างไวด้งันี้คอื 

 1.1 เปลีย่นการวจิยัเหด็ Leucocoprinus fragilissimus เป็นรา Aspergillus terreus  เนื่องจากเมือ่ท าการ
แยกสารแลว้ ไมพ่บสารทีน่่าสนใจ แมว้่าจะไดท้ าการเลีย้งเสน้ใยเหด็เพิม่ขึน้แลว้กต็าม 

 1.2 เพิม่การวจิยัเชือ้รา ในสกลุ Penicillium sp.  และ Neosartorya spinosa KKU-1NK1 

2. สรปุผลการด าเนินงาน  
2.1 กิจกรรมท่ีวางแผนไว้ 
  

2.1.1  เลีย้งเหด็ Leucocoprinus fragilissimus ไดเ้สน้ใยแหง้ 200 กรมั และเชือ้รา 3 ชนิดคอื Aspergillus 
terreus  Penicillium multicolor CM01  และ Neosartorya spinose KKU-1NK1 ในอาหาร เหลว PDB  กรอง
เสน้ใยและผึง่ลมใหแ้หง้  

2.1.2 สกดัเส้นใยแหง้ด้วยตวัท าละลายอนิทรยี์ 3 ชนิดคอื hexane, EtOAc และ MeOH เพื่อแยก  เป็น
สว่นสกดัหยาบของ hexane, EtOAc และ MeOH ตามล าดบั จ านวน 9 สว่นสกดั 

2.1.3 ทดสอบฤทธิท์างชวีภาพของสว่นสกดัหยาบทัง้หมดกบัเชือ้มาลาเรยี วณัโรค และเซลลม์ะเรง็ 3 
ชนิดทีศ่นูยพ์นัธุวศิวกรรมและเทคโนโลยแีหง่ชาต ิ   

2.1.4 แยกสารจากสารสกดัหยาบทัง้ 3 สว่น คอื hexane, EtOAc และ MeOH ทีไ่ดจ้ากเหด็ และรา 2 
ชนิด (9 สว่นสกดั) โดยวธิทีางโครมาโทรกราฟี   

2.1.5 วเิคราะหห์าโครงสรา้งทางเคมขีองสารทีแ่ยกไดด้ว้ยวธิทีางสเปกโทรสโกปี 
2.1.6 สง่สารบรสิทุธิท์ีแ่ยกไดไ้ปทดสอบฤทธิท์างชวีภาพ กบัเชือ้มาลาเรยี วณัโรค และเซลลม์ะเรง็  
2.1.7 วเิคราะหข์อ้มลู สรปุผล รายงานผลการวจิยั  
2.1.8  เตรยีมตน้ฉบบัส าหรบัสง่ไปตพีมิพใ์นวารสารระดบันานาชาต ิ

2.2 กิจกรรมท่ีท าได้จริง 
2.2.1 การเล้ียงเช้ือรา   
เลี้ยงเห็ด Leucocoprinus fragilissimus ได้เส้นใยแห้ง 200 กรัม และเชื้อรา 3 ชนิดคือ Aspergillus 

terreus  Penicillium multicolor CM01 และ รา Neosartorya spinose KKU-1NK1  ในอาหาร เหลว PDB  กรอง
เสน้ใยและผึง่ลมใหแ้หง้ ไดเ้สน้ใยแหง้  160 กรมั 180 กรมั และ 75 กรมั ตามล าดบั 
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 2.2.2 การสกดั 
  ท าการสกดัเส้นใยแห้งของเห็ด และราทัง้ 3 ชนิด ด้วยตัวท าละลาย จากขัว้น้อยไปมากคือ hexane 

จ านวน 3 ครัง้ๆ ละ 0.5-1 ลติร (ขึน้อยูก่บัปรมิาณของเสน้ใย)   ท าการกรองแยก เอาเสน้ใยออก  น าส่วนเสน้ใยที่
กรองได้  ไปสกดัต่อ ด้วย  EtOAc  และ  MeOH  โดยวธิกีารเหมอืนกบัการสกดัด้วย hexane  น าสารละลายที่
กรองไดไ้ประเหยตวัท าละลายออก ไดส้ารสกดัหยาบ ของราแต่ละชนิด  รวมได ้9 สว่นสกดัหยาบ 
  
 2.2.3 การทดสอบฤทธ์ิทางชีวภาพ 
 น าส่วนสกดัหยาบทัง้ 9 ส่วนจากขอ้ 2.2.2 ไปท าการทดสอบฤทธิท์างชวีภาพเบื้องต้นกบัเชือ้ มาลาเรยี 
และวณัโรค (ทดสอบเพยีง 2 ชนิด เนื่องเป็นส่วนสกดัหยาบและมคี่าใชจ้่ายในการทดสอบสงู) ผลการทดสอบฤทธิ ์
ทางเภสชัวิทยาพบว่าสารสกัดหยาบของรา A. terreus  Penicillium multicolor CM01 และ N. Spinose KKU-
1NK1 มฤีทธิท์างชวีะภาพอยูใ่นเกณฑท์ีส่ามารถน าไปศกึษาต่อได ้
   
 2.2.4 การแยกสารให้บริสทุธ์ิ  
  2.2.4.1 เหด็  Leucocoprinus fragilissimus    
  ท าการแยกสารจากสว่นสกดัหยาบทัง้ 3 ส่วน ดว้ยวธิทีางคอลมัน์โครมาโทรกราฟีแบบต่างๆ ได้
สารบรสิทุธิใ์นปรมิาณน้อย  และจากผลของการตรวจวดัสเปคตราดว้ยเครือ่งมอื NMR พบว่าสารทีไ่ด ้เป็นกลุ่มสาร
ทีไ่มน่่าสนใจ และแตกต่างจากทีค่าดการณ์ไวม้าก จงึไมด่ าเนินการต่อ 

 
2.2.4.2 รา Aspergillus terreus  

Introduction 
Aspergillus terreus belongs to the family Trichocomaceae. Several of its varities have been 

reported as being sources of various bioactive secondary metabolites, such as 4R-(hydroxymethyl)-4R-
demethylterritrem B (Peng et al. 1997) and terreulactone A (Kim et al. 2002) which inhibit 
acetylcholinesterase (AChE), butyrolactone V has moderate antimalarial activity against Plasmodium 
falciparum K1 (Haritakun et al. 2010), terremides A and B have antibacterial activity against 
Pseudomonas aeruginosa and Enterobacter aerogenes (Wang et al. 2011), butyrolactone I has anti-
H1N1 activity (Wang et al. 2011), and asperterrestide A inhibits the influenza virus strains A/WSN/33 
(H1N1) and A/Hong Kong/8/68 (H3N2), while also being cytotoxic toward human carcinoma U937 and 
MOLT4 cell lines (He et al. 2013).  Recently, several alkaloids and polyketide derivatives isolated from 
the mycelial extract of a mixed culture of two marine algaderived fungal strains of the genus Aspergillus 
exhibited selective anti-proliferative activities in four different human cancer cell lines tested (Ebada et al. 
2014). More recently, a new cyclicpeptide, 14-hydroxy-cyclopeptine isolated from Aspergillus sp. 
SCSIOW2 has been reported to inhibit nitric oxide production (Zhou et al. 2015). Therefore, the search 
for bioactive compounds from the fungus A. terreus is currently of interest. As part of our search for 
bioactive compounds from fungi, we have found that the crude EtOAc extract of the fungal biomass of A. 
terreus, isolated from the garbage component in organic fertilizer, has shown cytotoxicity against NCI-
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H187 with 67.7 inhibition at 50 µg/ml. We report herein the isolation, structural elucidation, and 
bioactivity of a new lumazine peptide, penilumamide E (1), together with thirteen known compounds from 
the fungus A. terreus. 
 
Results and Discussion 
Compound 1 was obtained as colorless needles and its molecular formula deduced as C20H20N6O7 by 
HR-ESI-TOF-MS m/z 479.1296 [M+Na]+ (calcd. m/z 479.1291), implying fourteen degrees of 
unsaturation. The UV spectrum showed maxima absorption at 223, 251 and 318 nm of an aromatic ring. 
The IR absorptions indicated the presence of secondary amide (3388 cm-1), hydroxyl (3260 cm-1), ester 
and amide (1702 cm-1 overlapping), and aromatic (1582 and 1491 cm-1) groups. The 13C NMR spectrum 
of 1 (Table S1) was assigned by the DEPT and HMQC techniques as having 20 carbon signals 
attributable to five carbonyl (149.8, 160.4, 163.2, 168.2 and 169.0), five sp2 quaternary (125.7, 115.7, 
139.7, 140.1 and 150.7), five sp2 methine (120.4, 123.1, 130.7, 134.4 and 148.1), two sp3 methine (60.8 
and 67.2) and three methyl (19.6, 28.9 and 52.0) carbons. The 1H NMR spectrum (Table S1) showed 
signals for five aromatic protons at δ 9.37 (s, H-7), 7.91 (d, J = 7.2 Hz, H-4), 7.05 (t, J = 7.2 Hz, H-
5), 7.47 (t, J = 7.2 Hz, H-6), 8.59 (d, J = 7.2 Hz, H-7), two methine groups at δ 4.63 (d, J = 3.6 Hz, 
H-2) and 4.54 (m, H-4), a methyl ester at δ 3.66 (s, H-9), a methyl amine at δ 3.65 (s, H-9) and a 
methyl group at δ 1.31 (d, J = 6.0 Hz , H-5). Information from the COSY and HMBC spectra indicating 
the structure of 1 contained three main units of lumazine, threonine and anthranilic acid. The COSY 
spectrum (Figure S9) showed correlations between NH-1'↔H-2'↔H-4'↔H-5' and H-4″↔H-5″↔H-
6″↔H-7″. The HMBC spectrum (Figure S8) clearly demonstrated the correlations of H-7 to C-4a ( 
125.7), C-6 ( 139.6) and C-8a ( 150.7); methoxy protons (H-9) to C-2 ( 149.8) and C-8a indicated 
the lumazine unit. The correlations of H-2 to C-10 ( 163.2), C-3 ( 169.0), C-4 ( 67.2) and C-5 ( 
19.6), H-4 to C-3 and C-5, H-5 to C-4 and C-2 ( 60.8) indicated the presence of a threonine unit. 
Furthermore, the correlations of H-4 to C-2 ( 140.1), C-6 ( 134.4) and C-8 ( 168.2), H-5 to 
C-3 ( 115.7) and C-7 ( 120.2), H-6 to C-2 and C-4 ( 130.7), H-7 to C-3 ( 115.7) and C-
5 ( 123.1), H-9 to C-8 confirmed the anthranilic acid methyl ester unit. The connections between a 
lumazine unit and a threonine unit were indicated by the correlations of H-2 to C-10 and NH-1 to C-10, 
while the connection between a threonine unit and an anthranilic acid methyl ester unit were confirmed 
from the correlations of NH-1 to C-3 and C-7. From analysis of 1H and 13C NMR spectral data, 
compound 1 has a core structure the same as the known compound, penilumamide (Meyer et al. 2010), 
except for the methionine sulfoxide unit at C-2' which is replaced by a threonine unit. In addition, the N-
methyl group at N-3 of the lumazine unit in penilumamide was replaced by a hydrogen atom. Moreover, 
the structure of 1 was also compared to the recent report for penilumamides B-D isolated from 
Aspergillus sp. XS-20090B15 (Chen et al. 2014).   The NOESY spectrum (Figure S10) displayed 
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correlations between H-4 and H-5, H-4 and H-5, H-5 and H-6, H-6 and H-7 indicating the 
relative configurations at C-2 and C-4. Finally, the X-ray crystallographic technique was carried out to 
confirm the structure of compound 1 (Figure 2 and Tables S2 and S3). On the basis of the above data, 1 
was defined as a new lumazine peptide which has been named penilumamide E. The lumazine peptide 
group is a rare natural product which has been isolated from the marine-derived fungus, Penicillium sp. 
CNL-338 (Meyer et al. 2010) and Aspergillus sp. XS-20090B15 (Chen et al. 2014). This is the first report 
of this type of compound from A. terreus isolated from soil. 

The known compounds were identified on the basis of spectroscopic data and by comparing to 
data reported in literature as 3,4,5-trimethoxy-2-(2-(nicotinamido) benzamido)benzoate (2) (Zhou et al. 
2011), epi-aszonalenin A (3) (Rank et al. 2006), butyrolactone I (4), butyrolactone II (5) (Rao et al. 2000), 
butyrolactone V (6) (Haritakun et al. 2010), terretonin (7) (Springer et al. 1979), terretonin A (8) (Li et al. 
2005), territrem A (9) (Lee et al. 1992), territrem B (10) (Lee et al. 1992), territrem C (11) (Lee et al. 
1992), ergosterol (12) (Kwon et al. 2002), 24(R)-5α,8α-epidioxyergosta-6-22-diene-3β-ol (13) (Jinming 
et al. 2001) and D-mannitol (14) (Pouchert et al. 1993). 

Among the isolated compounds, only 10 exhibited antimalarial activity against Plasmodium 

falciparum with IC50 values of 2.83 g/ml. Compounds 4 and 6 showed weak cytotoxicity against the 
cholangiocarcinoma (CCA) cell line, KKU-100, while 4 and 11 exhibited weak cytotoxicity against HepG2 
cells. Compound 1 showed non-toxic to KKU-100 and HepG2 cell lines, while 9 and 11 showed non-toxic 

to KKU-100 cell line at 500 g/ml. However, compounds 6, 7, 8 and 9 significantly induced an increase 

in cell number (proliferation) of HepG2 cells at certain concentrations (0.2-100 g/ml) (Table 1).  In 
addition, these isolated compounds showed non-cytotoxicity (50 g/ml) against the three cancer cell 
lines tested (KB, NCI-H187 and MCF7).  
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2.2.4.3 รา Penicillium multicolor CM01 
Introduction 
 The members of the genus Penicillium members are known for their ability to produce bioactive 
secondary metabolites, for example, spiroditerpenoids (Li et al. 2009) alkaloids  (Dilip de Silva et al. 
2009; Du et al. 2009),  spiroazaphilones (Ariza et al. 2001)  and polyphenols (Lu  et al. 2010).   One of 
the specific metabolites repeatedly isolated from this genus is azaphilone, with various substitution 
groups on the main skeleton.  Various strains of P. multicolor have been reported to produce azaphilone 
metabolites such as sclerotiorin (Birkinshaw  et al. 1952),  isochromophilone I-VI (Matsuzaki et al. 1995, 
Arai et al. 1995) and 8-O-methylsclerotiorinamine (Nam  et al. 2000). Previous reports have shown that 
azaphilones exhibited broad activities in many biological tests, such as cholesteryl ester transfer protein 
(Tomoda et al. 1999), endothelin receptor binding, (Pairet et al. 1995) and the inhibition of gp120-CD4 
binding (Matsuzaki et al. 1998). In our search for bioactive compounds from fungi isolated from Thai soil, 
an EtOAc extract of P. multicolor CM01 showed cytotoxicity against the KB cell line with an IC50 value of 
10.4 g/mL.  We report herein the isolation, characterization and bioactivity of two new compounds (1 
and 2), a new natural product (3) and eleven known compounds (4-14) from P. multicolor CM01.  
Results and discussion 
 Chromatographic separation of the EtOAc extract of P. multicolor CM01 gave fourteen 
compounds, 1-14 (Figure 1).  Their structures were determined by spectroscopic data (IR, UV, 1H and 
13C NMR, 2D-NMR, and MS).  The known compounds were identified by physical properties and 
spectroscopic data measurements as well as by comparing the data obtained with published values, as 
sclerotiorin (4) (Curtin and Reilly, 1940), ochrephilone (5) (Seto and Tanabe, 1974), isochromophilone II 
(6) (Omura et al. 1993),  isochromophilone III (7), isochromophilone IV (8), isochromophilone VI (9) (Arai 
et al. 1995), sclerotioramine (10) (Wang et al. 2010), isochromophilone VIII (11) (Yang et al. 1996), (S)-
6-((1S,2S)-1,2-dihydroxypentyl)-4-methoxy-5,6-dihydro-2H-pyran-2-one (12) (Eade et al. 1957), ergosterol 
(13) (Bok et al. 1999) and ergosterol peroxide (14) (Rösecke and König, 2000). Although compound 3 
has previously been synthesized, this is the first isolation from a natural source.  
 Compound 1 had the molecular formula C22H28O4 deduced from HRESITOFMS (m/z 357.2074 
[M + H]+), indicating nine degrees of unsaturation.  The UV spectrum exhibited an absorption maximum 
at 251 nm.    The IR spectrum showed characteristics of hydroxyl (3400 cm-1), ketone (1711 cm-1) and 
alkene (1607 cm-1) groups.  The 13C NMR, HSQC and DEPT spectra revealed the presence of six sp2 
quaternary (including two carbonyl groups), six sp2 methine, one sp3 quaternary, two methine, two 
methylene, and five methyl carbons.  The 1H NMR spectrum of 1 showed three olefinic proton signals at 
δ 7.37 (s, H-1), 6.04 (s, H-4), and 5.36 (s, H-5), two methyl signals at δ 1.26 (s, H-18) and 2.04 (s, H-
3), two nonequivalent methylene proton signals at δ 3.04 (dd, J = 3.2, 18.4 Hz, Hb-1′), and 2.34 (dd, J 
= 7.6, 18.4 Hz, Ha-1′), and a methine proton signal at δ 3.42 (dd, J = 3.2, 7.6 Hz, H-8).  These data, 
combined with the conjugated carbonyl at δC 198.1 (C-6) and ketone carbonyl at δC 207.3 (C-2′), 
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suggested the presence of an azaphilone skeleton and a 2-oxypropyl moiety for 1, analogous to 
isochromophilone II (6) (Quang et al. 2006).  The distinct difference in the NMR spectra between 1 and 6 
was that the chlorine atom at C-5 in 6 was replaced by an olefinic proton (H-5) in 1.  The HMBC 
correlations (Figure 2) of H-4 to C-4a, C-5, C-8a; and H-5 to C-4, C-4a, C-7, and C-8a indicated that H-4 
and H-5 were in close proximity.  The 3,5-dimethyl-1,3-heptadienyl unit was established by COSY 
correlations of H-9/H-10,  H-17/H-12/H-13/H-16 and H-13/H-14/H-15 (Figure 2).  The HMBC spectrum 
exhibited correlations of H-9 and H-10 to C-3 and H-4 to C-9, confirming the connection of this unit at C-
3.  The structure of 1 was completely characterized by 2D NMR.  The absolute configuration of C-7 was 
concluded to be R on the basis of the CD spectrum, which revealed the positive 234 nm (Δε +1.64) and 
325 nm (Δε +19.17) and negative 253 nm (Δε -3.42) and 379 nm (Δε -9.13) Cotton effects, as 
reported for cohaerin F [228 nm (Δε +0.9), 318 nm (Δε +0.8), 254 nm (Δε -0.7), 370 nm (Δε +1.0)] 
(Quang et al. 2006).  The NOESY correlations observed for H-8 to H3-18 indicated that these protons 
were located on the same side.  Thus, the absolute configuration of C-8 was R.  The absolute 
configuration on C-13 of the side chain moiety was then assigned to be S by comparison of the 1H and 
13C NMR data with those reported for isochomophilone II (6) (Omura et al. 1993) and rotiorinol A 
(Kanokmedhakul et al. 2006). Since the absolute configurations of C-7 and C-8 in isochrophilone II (6) 
have not been previously reported (Omura et al. 1993) we then measured the specific rotation and CD 
spectrum of our isolated 6.  The results showed that the specific rotation of 1 [-58.61 (c 0.14, CHCl3)] 
was comparable with the isolated 6 [-60.65 (c 0.11, CHCl3)], whereas the CD spectrum of 6 [232 (Δε 
+4.62), 255 (Δε -5.82), 325 (Δε +18.21), 379 (Δε -8.61)] is similar to that of 1.  Finally, the absolute 
configuration of 1 was solved to be 7R, 8R, and 13S.  Thus, the structure of 1 was deduced as a new 
azaphilone and it was named dechloroisochromophilone II.  
 Compound 2 was obtained as a yellow solid and its molecular ion peak at m/z 353.1541 [M+H]+, 
355.1530 [M+H+2] in the HRESITOFMS spectrum corresponds to the molecular formula C19H25ClO4. The 
intensive ratio 3:1 of isotope peaks ([M+H]:[M+H+2]) supports the presence of a chlorine atom in the 
molecule.  The molecular formula revealed seven degrees of unsaturation.  The IR spectrum showed 
absorption bands of hydroxyl (3445 cm-1) and conjugated ketone (1668 cm-1) groups. The 1H and 13C 
NMR data and 2D NMR techniques (COSY, HSQC, HMBC and NOESY) of 2 indicated a structure 
similar to isochromophilone III (7) (Arai et al., 1995). However, there were some differences in chemical 
shifts between 2 and 7 at δH 4.50, 4.24 and 4.85, 3.82 (for H2-1); 4.11 and 3.46 (for H-8); 3.05 and 3.12 

(for H-8a), respectively. While, the 13C NMR spectra between 2 and 7 signals were slightly different at C 
68.2 and 68.7 (for C-1); 77.3 and 75.0 (for C-7); 73.6 and 73.5 (for C-8); and 36.9 and 37.6 (for C-8a), 
respectively.  The NOESY spectrum of 2 showed the correlations between H-8 and H-8a; Hb-1 and H-8a; 
indicating the stereochemistry of those protons.  The absolute configuration of C-7 was assigned to be R 
on the basis of the CD spectrum, which revealed the positive 215 nm (Δε +3.40), 276 nm (Δε +2.64) 
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and 347 nm (Δε +3.98), and negative 247 nm (Δε -4.75) Cotton effects, agree well with those of 1 and 
cohaerin F (Quang et al. 2006).  Also the absolute configuration on C-13 of the side chain was assigned 
to be S by comparison of the NMR data with isochomophilone II (6) (Omura et al. 1993).  From the basis 
of data above compound 2 was deduced as 7R, 8S, and 8aR which was an epimer of isochromophilone 
III (7R, 8R, and 8aR). Therefore, 2 was a new azaphilone in terms of stereochemistry which we named 
epi-isochromophilone III. 

Compound 3 had the molecular formula, C6H8O4 deduced from the HRESITOFMS (m/z 
145.0464 [M+H]+), indicating three degrees of unsaturation.  The IR spectrum showed the presence of 
hydroxyl (3400 cm-1), conjugate lactone (1683 cm-1) and alkene (1620 cm-1) groups.  The 13C NMR and 
HSQC spectra showed six carbon signals attributable to a methoxy group (δ 56.3, 4-OCH3), 
oxymethylene (δ 63.5, C-6), two methine (δ 91.9, C-3 and 70.3, C-5), and two quaternary (δ 166.2, C-2 
and 171.9, C-4) carbons.  The 1H NMR showed resonances for an olefinic proton at δ 5.15 (s, H-3), 
methine proton at δ 4.26 (dd, J = 3.6, 4.0 Hz, H-5), two nonequivalent methylene protons at δ 4.39 (dd, 
J = 3.6, 12.2 Hz, Hb-6), 4.33 (dd, J = 4.0, 12.2 Hz, Ha-6) and a methoxy group at δ 3.79 (s, 4-OCH3).  
The HMBC spectrum showed correlations of H-3 to C-2 and C-4; 4-OCH3 to C-4; H-5 to C-4 and C-6; 
and H-6 to C-2 and C-4 confirming the location of the methoxy and carbonyl groups.  However, the 
absolute stereochemistry of 3 could not be determined due to lack of the sample. On the basis of the 
above evidence, 3 was identified as 5-hydroxy-4-methoxy-5,6-dihydro-2H-pyran-2-one which has 
previously been reported as a synthetic compound (CAS Registry Number 1332747-94-0, SciFinder 
database).  This is the first report of 3 isolated as a new natural product. 

The isolated compounds were tested for their bioactivities and results are shown in Table 1. 
Azaphilones 9 and 10 with 1,4-dihydropyridine (N in the ring) showed antimycobacterial activity against 

Mycobacterium tuberculosis with MIC value of 6.2 and 50.0 g/mL, respectively, while other azaphilones 
with pyran ring (O in the ring) were inactive.  However, both of N and O analogues showed activities 
against other tests. Compounds 2, 8, 10 and 11 exhibited antimalarial activity against Plasmodium 

falciparum with respective IC50 values of 7.8, 3.5, 2.1 and 5.9 g/mL. Compounds 2, 4, and 7-11 also 
showed cytotoxicity against three cancer cell lines (KB, MCF-7 and NCI-H187) with IC50 values ranging 
from 2.2 to 35.2 g/mL. In addition, compounds 1-12 were also screened for AChE inhibitory activities.  
Among these, 1 and 7 were the most active compounds with MIC of 10 ng (0.03 nmol), whereas 
compounds 5, 6 and 11 were five times and 8 was ten times less active than 1 and 7 (Table 2). This 
leads us to note that the configuration at C-8 (R) might play an important role in AChE inhibition.   
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 เนื่องจากงานวิจัยนี้เสร็จสมบูรณ์แล้ว และตีพิมพ์เผยแพร่ ชื่อเรื่อง .”Bioactive azaphilones from the 
fungus Penicillium multicolor CM01” ในวารสาร Phytochemistry Letters (IF = 1.575, Q2) จึงน าเสนอแบบ
ครบถว้นในภาคผนวก 
  
 2.2.4.3 รา Neosartorya spinosa KKU-1NK1  
Introduction 
The fungus Botryotrichum piluliferum belongs to the family Chaetomiaceae.1  Colonies grown on potato 
dextrose agar were white when young and turned to pale brown when mature, at 30 oC in 7 d with 
septate mycelia, branches and setae.  Conidia were chain-like on hyaline conidiophores, globose, 12.50 
– 15.50 µm diameter, with irregularly thick walls 3.0-3.5µm.  Teleomorphs were not found in this isolate. 
It was morphologically identified according to Domsch et al.,1 and Downing.2  The fungus B. piluliferum 
has been reported as one of the seed borne fungi of chili pepper.3  Previous chemical investigation on 
the genus Botryotrichum have been reported to contain asterriquinone CT2 from  Botryotrichum spp.4 
and botryolides A - E,5 decarestrictine D,5 and sterigmatocystin5 from Botryotrichum sp. (NRRL38180).5  
However, no reports on the chemical constituents and bioactivity of B. piluliferum have been found.  
Many fungi such as Aspergillus species,6 Aschersonia coffeae Henn. BCC 28712,7 Penicillium 
chrysogenum,8 including  Botryotrichum sp. (NRRL 38180)5 have been reported to produce mycotoxins. 
Mycotoxins have been reported as mutagenic and having carcinogenic effects in animals and 
humans.9,10  Our continuing investigation on bioactive metabolites from fungi isolated from Thai soil, 
crude n-hexane and EtOAc extracts of B. piluliferum displayed cytotoxicity against the KB cell line with 
85.5% and 59.7% inhibition, respectively, at a concentration of 50 μg/mL.  Moreover, the EtOAc extract 
presented cytotoxicity toward the MCF-7 cell line with 57.5% inhibition.  Herein, we report the isolation, 
structural elucidation, and bioactivities of eleven mycotoxins from B. piluliferum were pesented.   
 
Results and discussion 

The chromatographic separation of biomass powder of B. piluliferum gave two new 
sterigmatocystin derivatives, 1 and 2, and nine known compounds, 3-11.  Their structures were identified 
by spectroscopic data and by comparing the data obtained to those of related known compounds 
published in literature.  They were oxisterigmatocystins E and F, 1 and 2,  oxisterigmatocystins G and H, 
3 and 4,  sterigmatocystin, 5,16 N-0532B, 6,17 O-methylsterigmatocystin, 7,18 N-0532A, 8,17 6-O-
methylversicolorin A, 9, 6,8-O-dimethylversicolorin A, 10,19 and 8-O-methylaverufin, 11.7  Compounds 3, 
4, and 9 were isolated from the natural source for the first time. 
 Compounds 1 and 2 had the molecular formula, C21H17ClO8

, derived from 13C NMR and HR-
ESI-TOFMS, signifying 13 indices of hydrogen deficiency.  The IR spectra of compounds 1 and 2 
showed absorption bands for ester (1749/1752 cm-1), aromatic ketone (1664/1659 cm-1), and aromatic 
(1418/1452 cm-1) groups.  The 13C NMR and DEPT spectra of these two compounds indicated 21 carbon 
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signals attributable to three methyl (two methoxy and an acetoxy groups), a methylene, three sp2 
methine, three sp3 methine and eleven sp2 quaternary (including two carbonyls) carbons. The 1H and 13C 
NMR spectroscopic data of 1 (Table 1) were agree with those of isolated N-0532A, 8, 17 except that the 
double bond at C-3′ was saturated by a proton at C-3ʹ [δH/C 2.55 (m,  H2-3′)/37.1] and an acetoxy group 
at C-4ʹ [δH/C 2.11(s)/21.2, δC 169.8].  The three resonances of aromatic protons appeared at δ 6.38 (s, 
H-2), 7.08 (d, J = 9.0 Hz, H-5) and 7.58 (d, J = 9.0 Hz, H-6).  Correlations of H-1′/H-2′/H2-3′/H-4′ in the 
COSY spectrum confirmed the lack of a double bond at C-3′ of the bishydrofuran unit.  The HMBC also 
indicated the connectivity of an acetoxy group through C-4′ by showing correlations of H3-6′ to C-5′ and 
C-4ʹ, and H-4′ to C-5′. 
 The 1H and 13C NMR spectroscopic data of 2 (Table 1) were similar to those of 1, except that 
the resonance of methyl protons of the acetoxy group at C-4′ of 2 (δ 1.69) appeared at a higher field 
than that of 1 (δ 2.11).  The coupling constants between H-1′ and H-2′ (J = 6.0 Hz) and the NOESY 
correlations of the two protons of 1 and 2 revealed a cis ring fusion, the same as in the sterigmatocystin, 
5,18,20,21 which allowed assignment of the absolute configurations at both C-1′ and C-2′ as S.  The 
assignment of configurations at C-4′ of 1 and 2 as R and S were determined by comparing the 1H NMR 
resonances of an acetoxy group to those reported for related analogues, dothistromin pentaacetate22 and 
oxisterigmatocystin D.23  The methyl protons of the 4′-acetoxy group of 2 appeared at a higher field (δH 

1.69) than in 1 (δH 2.11) agreeing with that reported for endo dothistromin pentaacetate (δH 1.67)22 
which was due to the strong shielding effect of xanthone.  On the other hand, the 4′-acetoxy group of 1 
showed a resonance at δH 2.11, suggesting the exo arrangement (Figure 3), which correspond to that of 
oxisterigmatocystin D (δH 2.07).23  Furthermore, the optical rotation values of 1 was different from 2 
suggesting the difference configurations at C-4′ of the two compounds.  Based on the above evidence, 
the structure of 1, oxisterigmatocystin F was determined as a new sterigmatocystin derivative.  
Compound 2, oxisterigmatocystin F was identified as the C-4′ epimer of 1. 
 Compounds 3 and 4 processed a molecular formula, C21H18O8, from 13C NMR and HR-ESI-
TOFMS, indicating 13 indices of hydrogen deficiency.   IR spectra of both, 3 and 4 showed bands for 
ester (1752/1752 cm-1), aromatic ketone (1659/1659 cm-1), and aromatic (1462/1471 cm-1) groups.  Their 
13C NMR and DEPT spectra displayed 21 carbon signals attributable to three methyls (two methoxy 
groups and an acetoxy group), a methylene, four sp2 methine, three sp3 methine and ten sp2 quaternary 
(including two carbonyl) carbons.  The 1H NMR, 13C NMR and DEPT spectroscopic data of 3 (Table 1) 
were similar to those of 1, except for the presence of an additional sp2 methine proton at C-7 [δH 6.75 
(d, J = 8.4 Hz, H-7)].  This information, together with absence of Cl isotope in MS data established that 
the chlorine atom was displaced by the sp2 methine proton.  The COSY spectrum showed correlations of 
H-5/H-6/H-7, indicating trisubstitution of the aromatic ring.  The HMBC spectrum of 3 clearly 
demonstrated correlations of H-7 to C-8a and C-5, H-6 to C-8 and C-10a, and H-5 to C-7, C-8a and C-
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10a, confirming the structure of 3.  Since the resonances of acetoxyl groups of 3 (δH 2.10) and 4 (δH 

1.67) appeared at low and high fields in the same manner of those of 1 and 2, the configurations at C-4′ 
of 3 and 4 were assigned as R and S, respectively.  Moreover, the optical rotation values of 3 and 4 
were comparable to those of 1 and 2, respectively.  However, compounds 3 and 4 have been previously 
reported as synthetic mixture products during the preparation of O-methylsterigmatocystin (7).24 This is 
the first isolation of compounds 3 and 4 from a natural source and they have been named 
oxisterigmatocystin G, 3, and oxisterigmatocystin H, 4.  Their spectroscopic data was also reported. 
 Compound 9 had the molecular formula C19H12O7, deduced from 13C NMR and HR-ESI-TOFMS, 
requiring 14 of hydrogen deficiency.  The IR spectrum displayed absorption bands for aromatic ketones 
(1629 and 1613 cm-1) and aromatic (1579 cm-1) groups.  The 13C NMR and DEPT spectra displayed 19 
carbon signals for a methoxy, five sp2 methine, two sp3 methine and eleven sp2 quaternary (including 
two carbonyl) carbons.  Careful examination of 1D and 2D NMR data indicated that the structure of 9 
was similar to that of 6,8-O-dimethylversicolorin A, which has been previously reported as a methylation 
product of versicolorin A.25  The HMBC spectrum revealed correlations of hydroxyl proton at C-8 to C-7, 
C-8 and C-8a confirming the position of the hydroxyl group at C-8. Besides, the correlations of H-4 to C-
2, C-3, C-10, and C-9a, H-5 to C-7, C-8a, and C-10, H-7 to C-5, C-6, C-8, and C-8a, H-1′ to C-3, C-2′, 
C-3′, and C-4′, H-3′ to C-1′ and C-2′, H-4′ to C-2′, methoxyl protons at C-6 to C-6, and hydroxyl proton 
(OH-1) to C-1, C-2 and C-9a indicated the structure of 9.  The absolute configuration of 9 was assigned 
to be the same as that of 6,8-O-dimethylversicolorin A, 10, by comparing their optical rotations, -320 (c 
0.12, dioxane) for 1019 and -312.8 (c 0.1, CHCl3) for 9.  Thus, this is the first report of 6-O-
methylversicolorin A, 9, isolated from a natural source. 

Compounds 1, 3 and 4 showed antimalarial activity against P. falciparum with IC50 values of 7.9, 
14.7 and 23.9 μM, respectively.  Compounds 1-4 exhibited cytotoxicity against three cancer cell lines 
(KB, MCF-7 and NCI-H187) with IC50 values ranging from 3.5 to 78.6 µM.  Compound 3 showed 
significant cytotoxicity against KB cells with IC50 value of 3.5 µM, which is lower than the control drug, 
ellipticine.  Furthermore, 3 was cytotoxic against the MCF-7 cell line with IC50 value of 6.9 µM, which is 
lower than the control drug, doxorubicin.  However, 3 was highly cytotoxic toward the normal cell line 
(Vero cell) with IC50 value of 1.6 µM, which is lower than the control drug, ellipticine 2.5 µM.  Among 
compounds 1-4, the influence of an exo- versus an endo- arrangement was noticed.  The exo- 
arrangements in 1 and 3 showed both higher antimalarial activity and cytotoxicity against cancer cells 
than their endo- analogues, 2 and 4.  It should be noted that the missing double bond at C-3ʹ and the 
presence of an acetoxy group at C-4ʹ of sterigmatocystin derivatives 1-4 would play an important role for 
cytotoxicity enhancement comparing to derivatives 5-8.  Moreover, the double bond at C-3ʹ and C-4ʹ of 
sterigmatocystin derivatives 5-8 exhibited no cytotoxicity (>100 μM) toward KB and MCF-7, which 
corresponds to the results for related structures in a previous report.7  In addition, compounds 9 and 10 
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showed strong cytotoxicity against NCI-H187 cell line with IC50 values of 2.1 and 0.38 µM, respectively, 
which were lower than the control drug, ellipticine.  By comparison between compounds 9 and 10, the 
presence of a methoxy group at C-8 led to a decrease in cytotoxicity toward normal cells.  Interestingly, 
compound 10 was not cytotoxic against Vero cells and should be further studied in detail.  However, 
most of the isolated compounds showed cytotoxicity against Vero cells with IC50 values in the range from 
0.65 to 12.3 μM. Sterigmatocystin, 5, has been reported to contaminate food stuffs such as wheat, rice, 
coffee beans, corn and red pepper.  Furthermore, it has been discovered in cheese contaminated with 
Aspergillus versicolor.9  Based on our results, most isolated compounds from B. piluliferum are 
mycotoxins with structures metabolically related to the aflatoxin carcinogen.  These mycotoxins could be 
responsible for the toxicity of the fungus B. piluliferum.  As mentioned above, the fungus B. piluliferum 
was found in the seeds of chili pepper,3 and so the contamination of B. piluliferum in the food chain and 
agricultural soil should be monitored. 
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