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Abstract

Project Code : MRG518017

Project Title : Development of a New Neuroprotective Agent of Coumarins from
the Root Bark of Clausena harmandiana (Pierre) ex.

Investigator : Dr. Ploenthip Puthongking, Faculty of Pharmaceutical sciences,
Khon Kaen University

E-mail Address : pploenthip@kku.ac.th

Project Period : 2 years, 15 May 2008 -14 May 2010

Clausena harmandiana (Rutaceae) is distributed mainly in the northeast of
Thailand, whose roots and root bark are reputedly used in folk medicine for stomach
ache, and fever, revealed the presence of coumarins and carbazole alkaloids.
Therefore, this present investigation aimed to develop a new class of neuroprotective
agents from the coumarins isolated from the root bark of Clausena harmandiana.
Bioassay-guided investigation of the root bark of Clausena harmandiana has led to the
isolation of 4 known carbazole alkaloids and 3 coumarins as heptaphylline, 7-
methoxyheptaphylline, 2-hydroxy-3-formyl-7-methoxy-carbazole, mukonal, xanthoxyletin,
dentatin and nordentatin, respectively. The known compounds were identified structure
by comparison of their spectroscopic and physical data with those reported in the
literature. Recently, we found that the neuroprotective components were heptaphylline,
7-methoxyheptaphylline and nordentatin which displayed potent in the primary
screening with DPPH and TBAR assays, and in addition, nordentatin was the most
potent antilipid peroxidation in both assays. The most interesting result attempts our
group decided to synthesize additional analogues of the isolated nordentatin to
determine structure-activity relationship (SAR) and possibly develop more potent
neuroprotective agents. Therefore, the starting nordentatin was prepared to 16 ester-
analogues under the condition of acid chlorides in pyridine to give the yield of products
in the rang of 90-100 %. All preparation compounds were evaluated activity in TBAR
assay and the data revealed that nordentatin shown the highest activity. And the ester
derivatives as cpds. 1, 4, 11, 12, 14 and 16 also shown promising activity similar to
nordentatin. Therefore, nordentatin and its ester derivatives are consequently might

be useful for the next develops to the new candidate neuroprotective agents.

Keywords : Antioxidant activity, coumarin, nordentatin and neuroprotective agent
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1. @sefinly
- Acetic anhydride
- Benzoyl chloride
- 4-bromo benzoyl chloride
- 4-methoxy benzoyl chloride
- 4-nitro benzoyl chloride
- DMAP (Dimethylaminopyridine)
- Pyridine
- 2,2-Diphenyl-1-picrylhydrazyl radical
- Perchloric acid
- Glacial acetic acid
- Thiobarbutiric acid
- Dichloromethane
- Hexane
- Ethyl acetate
- Ethanol
2. a3asile
- Rotary evaporator
- Magnetic stirrer
- Spectrophotometer
- Centrifuge
- Water-bath
- UV-spectrophotometer

- Micro plate reader
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4 N1SLAIUNAWNWSES nordentatin

Tuduaouusnandunmsndtmaeiifowdouans  dentatin Wiuans  nor-dentatin
ﬁnﬂifuﬁaﬁwmi@‘?@LLﬂmImaa%amaLﬂﬁmoaauﬁﬂgﬂaﬁfmadmi nordentatin WRZ&1Y
dentatin Lﬁalwﬂﬁamgﬁufﬁwq Taglwdloaldrinas heptaphylline, 7-methoxyheptaphylline
LAz nordentatine ANYNaYNUEE1I9 AILERS ﬁnﬂmié’ame:ﬁm&ﬁuﬁrﬁv’amiﬂ@ju carbazoles
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LLRe coumarins @\‘]El]qﬂ 1 vL@@Jrnilhl]Ll]aU%ﬁ]uﬂ@]ﬁﬂ’]?gluﬂqia\‘]Lﬂi’]z'ﬁLLUUL@U’Jﬂu%N@ A3

H H
© O O Ac,0 10 eq. o O O
HO N DMAP 1 eq. HBCYO N
CH,Cl,, rt 48 hr o
Heptaphylline 66.35 %
H H
© O O Ac,0 10 eq. o O O
HO N OCHs  pmap 1eq. Hg,CTO N OCHj
CH,Cl, reflux )
7-Methoxy-heptaphylline 92.33 %
O,
OH S—CH,
o
Z o Ac,0 5 eq. = N
o [N DMAP 0.5 eq.
CH,Cly, reflux (9] o "o

Nordentatin
94.35 %
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am'azﬁel%’m%ﬂumia%ﬁuff: 11813 nordentatin (0.1 mmol) ¥azansluaavin

azan® pyridine USunow 1 Aadaasaelamolulasiau WY UIURT nordentatin ZAIUANA
nniwinasazanaeana ldurlwinugs LWy Uz 5 Wi N oy JLANET acid
chloride %38 anhydride THa619¢ YTtk 2.0 1 PBIFNTOITU ad Ut g Tfaandszanm
10-15 w1 mqlmﬁmmﬂwauﬁgwmsluﬁfllﬁwia 8n 5 w1l Jwnaananryudagmnnivas
wljiseiesuysol Fobhmazmpdmaanatadeiuazianiinazian Wou
lanfiaozdanundaeas 1 N HCI 3 asa snasace 5 % NaHCO; 3 A%y LLazﬁg@ﬁWfﬂﬁﬁn
feinindeduda ﬁﬁ%uLaﬂﬁaa:%mwﬁ"lﬁmgmfwﬁ”’gsJ anh. Na,SO, NIDILAZAIINIZAN
nsaImIBenfiaasdian i lussmre i mﬂifuﬁﬁmsaﬁmimmmﬂwlﬂLmﬂu'%qﬂ%:@iaﬁ’m

column chromatography gatieldaseunutndainisludSanmaud 90-100 %
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5. ﬂﬁiﬁi?%ﬂﬂﬂﬂﬂﬁﬁﬂ%ﬂ%@ﬁﬂﬁi%

a:ﬁwmsmafﬂaaqu'ﬁfﬁma%aﬁmwaamiaﬁ'@mmﬂﬁaﬂﬂnﬁudaai\l'] uaznnayAus
AmansadaneAlaens3s DPPH lasgfsnnusmanInlumIduiy DPPH radical GRII
a%aamzﬁlmﬁm laganIaananiFNa9 TUNNINARBIMINRITFILATIEHENNNTOIUAL
DPPH radical le@vasaniazasazidapuindinasses DPPH  @9azaaniniadims
L1J§'muuﬂaams@@nﬁmmaﬁLﬁ@%ﬂ%ﬁfmmmmmﬁlu 517 nm eraedosminlasiiaas
m‘suﬂamaﬁaga%mmmlugﬂ"uaa@h ICs,  lapazyinmsiUSouiiinudn  I1C,, PaIF
saereilduazasfiuonldannsyuma
é‘fumau‘lumswmaaqu%ﬁuawgaﬁa‘sz‘[mzﬁ% DPPH assay
1. 1@38% stock 813 DPPH radical anuifudu 10 mM lagsisns 3.94 mg azang
¢8 methanol 1mL 9ntist3aanslwilanaduda 200 uM lastilaansann stock
10 mM 100 pLUSuYINa3678 methanol awaTU 5 mL
2. dpusIfidaImInasaufienadtudng g
3. Taasudazanuitud 100 L a9l 96 wells-plate lagidazanudutuazyin
5 &, Controll# ethanol 100 uL, Blank 1% ethanol 200 L
4. Thila 200 pM DPPH 153195 100 pL adluudas wells-plate 8nv3u blank
5. nuldWunes 30 WA

6. 1 1U1a UV-spectrometer NANNE1IAAK 550 nm

4 a
6. ﬂ'li@li')i)ﬂﬂﬂi]"{lﬁ(;l"]%laﬂﬂ

v
Qs ‘{ a a
'ﬂumau‘lumiﬂﬂaammﬁﬁﬂuawgaaas:fm 225 TBAR assay

N13LASLNFTT



Phosphate buffer 4 mM pH 7.4 we3uulag °1°TL<'J Potassium dihydrogen phosphate 0.54
g arapuazudBanasdasinnauanasy 1000 mL U5D pH ¢e Nacl auld pH =
7.4

Potaasium chloride 467 mM @3aslag °ﬁl'\‘1 Potaasium chloride 3.48 g azaaLazl Ty
ﬂ"%mmﬁ’mm{’mé‘mumu 100 mL

1% TBA wa3sulasazans TBA 11 50% Glacial acetic acid

RUBINY ualu Phosphate buffer pH 7.4 ALAATIEIN 2g:19mL

YUADUNITNAADYI

1.

o &~ oD

10.

11.

@384 tube MRIUAMUTNTUVRIENA199 lasudazANuduTuazyin N=4, Negative,
Basal

Pipette phosphate buffer 1.15 mL + Potassium chloride 0.6 mL AILULARS tube

v InidInInasay 0.05 mL adlu tube (*Negative uaz basal 1% ethanol)
LAuENaInY 0.2 mL aaluuGaz tube (Lmhriaug]mﬂﬂ%ga)

1l shake 1w water bath ﬁqmﬁgﬁ 37 agmwin 30 Wil (Aadfnsenlda MDA)
a3 basal uglwihuds 30 wnf

\@n 35% HCIO4 0.4 mL lavn tube ( L‘ﬁﬁmﬂq@ﬂﬁﬁ%mmnmﬂauiﬂiaw,m:"lmﬁu )
R AL

inlUiudranaiss 3000 rpm 7 4 896 Wi 5 Wl

a9 supernatant 1.5 mL 1 glass tube

LAY 1%TBA 0.5 mL

1l shake lu water bath goang@ 100 asen W 15 Wit (al¥vind fiseiu
MDA)

16 Intensity TBARS I@ma’%aa Spectrofluorometer ‘ﬁlmmm’ma‘u 528/551 nm
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gasihutsdapaaniin 3 fwlen 8wy 8161 waztdfansn ANBWINININIIANRNG
AUMYNRZaNY 3 T Aa hexane dichloromethane Wway methanol W@az@LiluwIan 24
T NI UEIN L q@ﬁmﬁ]ﬂﬁmsaﬁ'mmuﬁaﬁu 9 AIUALNK INWWINFNIRNARLIUNG 9
QG"?/ a v =) %> %
GV LR P G VLI GE b #1893 DPPH I@U@ﬁammmmmlummmu
. £ a { o ' '
DPPH radical sml,ﬂua%aamzﬁmﬁm lagsIIna &L lumInaaasningns
[ 6 [ [ . A dl | a A ¢§
RILATITARINIINIUNL DPPH radical laduadsansazansaziiaswiniiriasuad DPPH G943z
o A A A a £ ' a o ~
mmsm@mmsmaUw,l,ﬂaomig]@ﬂauumwmmmulwmommm’mau 490 nm 92ELAIDI

a 6 v [ P
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DPPH assay

]1IENG 11] Sl Waanyn

KUY Hexane | CH,Cl, | Methanol | Hexane | CH,CIl, | Methanol | Hexane | CH,CIl, | Methanol

ICsp 852.8 | 3525 | 53.8 872.3 | 527.5 | 300.0 88.3 178.9 | 511.4
(Mg/mL)

v v 1 1 t§9/ a
PNNANNINAFDITHABNUINFIUVDIUFANTIN WAL IULLa@mmmuawaamza
A ' ' . & A & Aa & I ' a La o &
nge waluaruvadluwuingu methanol Tadutua NI LIUEIUNUFAIONDA AIH
ANTILATIN %a;joaﬂﬂuﬁhma\‘imiaﬁ'@mﬂﬁhumaa WRaNTINAUFDINT  INNNINARBI
v v LY o £ L 1 1 { A{ { 1 g; [ 1
FIFU LVINNITUENG wmnmuﬁﬁnmaﬁq@ﬁamumawu hexane W6 NIINAADIGDNN

A9 NIIRN AR IL T W1 WIUNINTITANIUTRNA A9941439 b6 kT Dichloromethane LEuaaus

@
o 1

RAAUNY  AUANNI IeYNMTIAUaIeEIdugasin  lagaansaiiuifannaudesfinsy
WRSNUITIER 1.5 Alany anuwinmsutaiadis §avinazans Dichloromethane 1ilu
I8N 3 8% TINTIEW 3 A5 ﬁnﬂﬁ?uﬁflmsszmﬂLméﬁﬁwazmUaaﬂq@ﬁwvlﬁmsaﬁ'wmu 50
n3a °um:f:ﬁ']é’a@hLﬁumnmnlﬂﬁmiﬁqw%( 835 Chromatography lagldansnans=ning

hexane W&z ethyl acetate LHuaAIT2 AILFAIANUNBATNN 1
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wWaansnaasii 1.5 n.n (IRBNWAY)

-unl¥aziden

- WARAGILINNNIUES 2 AU (11111 3 AT)

FIRNAREIUTU LN

- anmAne CH,CI, 3

| |

¥
SNIRNARLUTY LUNNIBAR/UN d1vdananauz CH,CL, ( 334 50 n3x)

l

RIIFNARLIUTY CH,Cl, (20 NTV) RITFNARLIUTY CH,Cl, (11ARa 30 NIW)

- CC. ; silica gel, Hex:EtOAc

bbb

FO1 F02 FO3 FO4 FO05 FO6

Heptaphylline 7-Methoxyheptaphyllin
(CH1:455 mgq) (CH2 :502 mg)

- CC. ; silica gel, Hex:EtOAc - Sephadex LH20 :

- Sephadex LH20 : Dentatin (CH3 :1.35 g) MeOH:EtOAc

oo bbb

FO8 F09 F10 F11 F12 F13
(CH4 :172 mg) (CH5 :45 mg) (CH6 :32 mg) (CH7 :385 mg) (CH8 :266 mg) (CH9 :10 mg)

Nordentatin

{ & > o a £ v 9
LLN%ﬂ’]Wﬁ 1. LROIUVUADUNITLLDRNG LLazﬂ’ISLLUﬂaﬂ@]miUiQﬂﬁ ﬁ]’]ﬂLﬂﬁaﬂi’m@]uaaGW’l
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mﬂmsﬁgﬁ]ﬁl,aﬂé'ﬂmi@hU%‘%‘mﬂﬂimaimﬂLLamﬁUuLﬁﬁuﬁuiagaﬁmﬂﬁms
FILINBLA Wll’.i']miﬁlLLUﬂVLﬁIuﬂ%df:ﬂizﬂauﬁ’sEJ Dentatin, Nordentatin, Xanthoxyletin,
Heptaphylline,  7-methoxyheptaphylline,  2-hydroxy-3-formyl-7-methoxycarbazole  L.az
Mukonal é’auammugﬂﬁz

H H
OCH,
= X
HO N HO N ocH, [ XN
H o 0~ "o H
o o~ "o

CH1 = Heptaphylline CH2 = Dentatin CH3 = 7-Methoxyeptaphylline CH4 = Xanthoxyletin

o OH
0
= X
H H
H,CO N OH © o ©°
3 N N OH

CH5 = 2-Hydroxy-3-formyl-

3 CH7 = Mukonal
7-methoxycarbazole CHS8 = Nordentatin

v
[

A v a a £ A v A v ' a v a?
Eﬂ‘ﬂ 2 LLﬁ@GIﬂiGﬁi’]x‘Wﬂ\‘]Lﬂll"IJa\‘]ﬁﬁiu‘iqﬂﬁﬂLLﬂﬂvL@"ﬂﬂLﬂaaﬂiﬁﬂ@l%ﬁa\‘lﬁﬂ"mﬂ\‘i"luﬁfﬂUﬂix‘iu

m3aaudaslassasionioas

& v Y o . 04 v a 3 v ' @ 6

\Haaduldhas nordentatin andaudaslansaimaaiilasnsvinliaglugdayius

1 g; ai a U s 3 = o A o
289 ester 6199 lagaInanuaniasod laamusadsulaldznzi@ernufansiigs
nordenatin ¥MYNUHATLIAU  acid chloride 69 lasdl  pyridine Wuarazaouazii
Uisenlunadeinudis antussszaof laazihananadis 1N HCI, 5 % NaHCO; ua
™ g; o Y A g v v

Brine anuaay ﬁnﬂuuﬁlzmmﬂwﬂmﬂ‘ﬂUiEgVIﬁ §738 column chromatography azleans
auNusuazdIaNmudazen adud 90-100 % aIuaealuzn 3 uazeuWusuasans Nordentatin
ninuafiaIoalaldiinsfigastiananeainiaai d2a NMR-spectroscopy datayauandlu
MANWIN

ﬂ']i‘YIG’IﬂﬂUﬂ')’]&Jﬂ’lN'ﬁﬂi%ﬂ’l‘S@T’l%a‘l«kﬂaa@mz :

ANBWII LEYINMIANBIANUFINITD ML umsﬁma%aﬁ eI R R IRk

DPPH uaz TBAR lenasiuaadluansnefi 2
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OH
OCOR

7 X
RCOCI or (RCO),0 = A
0 o0 Yo (20eq)
Pyridine (1 ml) O o "0
rt., 1-3 h.

Nordentatin

L7 2 @ 3 OOCHs 4 »No,
94.3 % 96.1% 93.6 % 86.8 %
Br Br
OO O
94.4 % 96.5 % 95.9 % 90.1 %

— =N
9 4@ 10 — )y 1 12
\ N \_/
93.8 % (33.7 %)? 98.9 % 90.9 % 96.3 %

a = SM has impurity

>,
.

13 7 14 16 S

98.4 % 99.1 % 98.4 % 99.6 %

A o A o ¢ . oA a o &
31]7] 3 LL&@GI@N&?’NY]’NLﬂmjadmimg‘wuﬁ Nordentatin V]L@]iﬂuvl@ﬂ\‘]“ll@
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131N 2 uaasd IC, vadmshuenldindudesiuazauius

compounds DPPH assay TBAR assay TBAR assay
Icso ( HM) (% inhibition at 500 pM) Icso ( HM)

Heptaphylline >1000 92.42 5.62
7-mehtoxy heptaphylline 810.74 76.58 1.98
Acetate Heptaphylline 264.86 93.20 4.55
Acetate 7-mehtoxy heptaphylline 915.00 84.05 4.22
Mukonal >1000 ND ND
2-hydroxy-3-formyl-7-methoxycarbazole >1000 ND ND

Xanthoxyletin ND 71.36 166.01
Dentatin >1000 37 % (1000 pM) ND
Nordentatin 84.32 95.83 1.69

1 ND 88.40 2.86

2 ND 28.00 >150
3 ND 48.48 ND

4 ND 95.98 4.30
5 ND 34.02 ND
6 ND 19.29 ND
7 ND 20.69 ND

8 ND 76.50 36.23

9 ND 87.90 10.61
10 ND 15.74 ND

11 ND 98.26 438
12 ND 97.60 3.81

13 ND 55.63 22.50

14 ND 57.49 9.50
15 ND ND ND
16 ND 57.11 7.83

VitE 17.90 97.73 75.94
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