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Iednwasaiifinesdsznoy  wadanisutidiives T-cell BaIRERAAMENY
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179519 duiundands  wasinmlsadmie o 6 afie A Tnindes
(Prismatomeris malayana Ridd. Rubiaceae) TUNGIWLN (Suregada multiflorum Baill,
Euphorabiaceas) L0Nuzqn (Sphenodesme pentandra Jack Symphoremataceae) 2/aunan
uad  (Ancistrocladus  tectorius  Merr.  Ancistrocladaceae) nauuaUi (Connarus
semidecandrus Jack. Connaraceae) Uszi0ndqy (Willughbeia firma Bl. Apocynaceae)
NAROUKARONTITULNAUAY  T-cell ﬁgﬂmzx{]’uﬁw phytohaeagglutinin  (PHA) Sailw
mutagen WUINENIEAANLILAIY n~hexane extract YITINIMABY TUNBINENUM LOWEAN
Founauad nauwauin wazinnday fén EC, 1u 161.3, Halduuau, 73.7, 139.8,
35.4 uat 154.4 Llg/ml eus1al Laz methanol extract ¥61 EC4, 1w 193.0, 268.8,
236.9, 144.0, stimulate cell proliferation Wz 271.0 Llg/mi MAEIGL YINSUsNanT
U‘%Egﬂ%g'-ﬂ’mﬁ”riﬁﬁ’@ﬁUWUI@IUE]"I&ULﬂﬂﬁﬂﬂwiﬂiuﬂﬂﬂ‘i’]ﬁ I.La:mq@lﬂﬂmﬁ’lwmmi
U%Eg‘i’lf‘ﬁLLUﬂvL(.;],[@lUﬂﬁﬁﬂ‘ﬂb%ﬁﬂﬁﬁ%ﬂﬂﬂlﬂiﬂiﬂﬂ wen'lé homorapanone WAz bergenin 27N
n-hexane extract WAz methanaol extract ?Jamauum_w{’mwa"’lﬁu lucidin-(0 -methyl ether,
rubiadin, rubiadin-1-methyl ether, rubiadin-1-methy ether—3—O—B~primever05ide WRE
rubiadin-3-0-{3-primeveroside wonlaan methanol extract VEITINMWARL 3 -docosanoy!
lupeol, lupeol &as 3-acetyl lupeol WBN @A n-hexane extract 'uaatm'ﬁqﬂ B—amyrin waz
mixture Ba4 stigmaterol & B—sitosteroi (3] uenlaaIn n-hexane extract PELDTUTAN
Dot amaitineseunadamIutasres  T-cel ﬁgnn's:ﬁué’w PHA  wuin
homorapanone, bergenin, 3-docosanoyl lupeol, lupeol, 3-acety! lupeol, lucidin-()-methyl
ether, rubiadin W&z rubiadin-1-methyl ether ¥isin EC,, 1% 20.2, 819.7, >1000, 478.9,
861.0, 76.8, 101.6 usx 170.2 Lig/mi audEay %:Lﬁuvl,ﬁ’i"l homorapancne, lucidin-

[ l:id nfl L F=i
(-methyl ether, rubiadin WAz rubiadin-1-methyl ether \JumIndgnosaudradluns



i

o & . P e = 4 '
HERINTLUEIYEd T-cell ‘ﬂgﬂﬂi:@é%@’m PHA ﬂ’]iﬂﬂ‘]:}'lﬁ\‘lﬂavl,ﬂﬂ’]‘iﬂaﬂf]‘ﬂﬁma\‘ia”limﬂ’l

Lanudenuawlafnwse Wluauina

Keywords : T-cell, medicinal plants, natural compounds, southern Thailand,

preliminary study



Vi

Abstract
Project Code : RSA40-8-0024
Project Title : Preliminary Study of Natural Compounds from Southern Thailand

Medicinal Plants on T-~cell Proliferation

Investigator . Assoc. Prof. Sanan Subhadhirasakui, Ph.D.
£-mail Address . ssanan@ratree.psu.ac.th
Project Period : 3 years (15 February 1998 - 15 February 2001)

Chemical constituents, inhibitory effect on T-cell proliferation and scientific name
classification of six Thai medicinal planis which have been widely used for element tonic,
glimination of vitiated lymp and atopic dermatitis by the ftraditional doctors in southern
Thailand were investigated. The plants were Prismatomeris malayana Ridd. (Rubiaceae),
Suregada muitiflorum  Baill.  (Euphorabiaceae), Sphenodesme pentandra Jack
(Symphoremataceae), Ancistrocladus tectorius Merr. (Ancistrocladaceae), Connarus
semidecandrus Jack. (Connaraceae) and Willughbeia firma Bl (Apocynaceae). The
inhibitory effect on T-cell proliferation was expressed as ECg,. The EC;, of the n~hexane
extracts of Prismatomeris malayana, Suregada multiflorum, Sphenodesme pentandra,
Ancistrocladus tectorius, Connarus semidecandrus and Willughbeia firma were 161.3,
uncertained result, 73.7, 139.8, 35.4 uaz 154.4 Llg/ml, respectively. And those of
methanol extracts were 193.0, 268.8, 236.9, 144.0, stimulate cell proliferation and
271.0 Kgsml, respectively. By mean of chromatographic technique, homorapanone and
bergenin were isolated from the n-hexane extract and methanol extract of Connarus
semidecandrus, respectively. Lucidin-(-methyl ether, rubiadin, rubiadin-1-methyl ether,
rubiadin- 1 -methy! ether—3—O—B~—primeveroside and rubiadin-3—O~B—primeveroside
were isolated from the methano! extract of Prismatomeris malayana. 3-Docosanoyl lupeol,
lupeol and 3-acety! lupeol were isolated from the n-hexane extract of Willughbeia firma,
B—amyrin and stigmaterol & B—sitosterol (7:3) were isolated from the n-hexane extract
of Sphenodesme pentandra. The inhibitory effect on T-cell proliferation of the isolated
compounds, homorapanone, bergenin, 3-docosanoyl lupeol, lupeol, 3-acetyl lupeol,
lucidin-(D-methyl ether, rubiadin and rubiadin-1-methy! ether showed the ECy, at 20.2,
819.7, »1000, 478.9, 861.0, 76.8, 101.6 uaz 170.2 Llg/mi, respectively. Among

the isolated compounds, homorapanone, lucidin-(-methyl ether, rubiadin and rubiadin-
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1-methyl ether exhibited potent inhibitory effect and the machanism of the activity is

interesting for further investigation.

Keywords : T-cell, medicinal plants, natural compounds, southern Thailand,

preliminary study
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Table 1 :
Table 2 :
Table 3 :
Table 4 :

Table 5

Table 6
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ﬂ“%mmmaqmm’%zgﬂ%fl,l,a: % yield dlafouiuinminuesesarianey
"*C-NMR data (DMSO-d,) for PM-1, PM-2 and PM-3
"C-NMR Data (CDCI,) for NWF-1, NWF-2, NWF-3,

synthesized 3-docosanoyl lupeol, lupeol and 3-acetyl lupeol.
"*C-NMR Data (CDCl,) for NPS-2, NPS-3, B-amyrin,

stigmasterol and B—Sitosterol
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ﬁamiﬁnnﬁﬁmﬁﬁﬁwa@im:uugﬁﬁuﬁﬂﬁmmam usefidaudronn wasioenls
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FEmmmiteimsainan i Emsararougniidssduuesa TN FTN AN g
wadeTzuuTeunu A Tell profiferation assay Taum g T-cell TIwAuEIataan
sINT@ wazdl/ mimmgmﬁmmnm:@ju‘l,ﬁtﬁ_@ T-cell proliferation fN&IFAAIMN
sysumariialadnadiuge wSafiunns proliferation wa9 T-cell wsasinasTilaiuinade
suun Uiy ua:ﬁqmﬁﬂtﬁmwaﬁa:ﬁnmﬁnaa"l,ﬂ’l.m:@?una'lnmiaaﬂn‘n%‘

m;uvl.wﬂnm’fiﬁaﬁwg}mhm‘:ﬁ'lm'lﬁlﬂum%’nmlmﬁ’mﬁh Toiwdends uas
139519) s ldueslenummsunnlnglunels f‘éamm'\ﬁua@ias:uugﬁﬁuﬁu U
mm‘mmumaaunﬂ%{ﬁaaﬁuﬁazﬁ?} T-cell proliferation assay §9wIu 6 Tha (Hauw,
2540) sll @8 TIWMABY (Prismatomeris malayana)  TuNadweIL  (Gelonium

multiflorum) LINUZ@AN, 101BAH, WOWANIUAI UAZBBULDILIIN

Taguszaedaslasons
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Taauaza13iadl
Acetone (Merck)
chloroform (Merck)
Ethyl acetate {Merck)
glacial acetic acid (Merck)
n-hexane (Merck)
iodine (Fluka)
methanol {Merck)
Phytohaemagglutinin (Sigma)
Reverse phase silica gel (RSIL C 18 HL 230-400 mesh, Chemie Uetikon)
RPMI (GibcoBRL)
Silica gel for column chromatography, 230~400 mesh ASTM {(Merck)

in3asile
Nuclear Magnetic Resonance (VARIAN UNITY INOVA 500 MHz spectrometer)
Mass Spectrometer (JEOL JMS-HX 101A and JMS-20s spectrometers )
Ultraviolet-Viscible Spectrometer (HEWLETT PACKARD 8452A diocde array
spectrophotometer)
infrared Spectrometer (JASCO IR-810 infrared spectrometer)
Liquid Scintillation Counter (Beckman LS 6000 TA, USA)
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ufi inzgn 1ondas dounaues waznavuauin yasidunufzududoyanisisues
agu‘lwsﬁta 4 ghaiuieldioinamaainan  dudasriieodoeumsiasiace s

wassielanelaidnpnummseiiazdniwnidsoda e



MIANMA uazmmanﬁ1$1ﬁu%§ﬂ§a1naQHIW$

Lﬁuﬁfaaﬂwﬁwgu‘b\riﬁ'a 6 TReuELWILEUARENY 9 aTvFaugntiioiduda
T-cell proliferation maamg‘uvlwsﬁta 6 e I@]Ufa’*’auwaamgﬂwsﬁﬁwmaﬁ’mmﬂua‘mmaa
maluﬂ.W‘SﬁLLWﬂF;TLLN%vLﬂUﬁ"IH’I",“ELﬂuEH naaee  ehadwiiumndsznausay nndos
Lazeatnaniugdulsznaudiy Tunasneiun WDNZAN 1NBAY TWOURNIUAT URZ
DaLIALN V'i'lm'saﬁ'@\m‘smnﬁ'aazhmgu'l,mﬁga 6 Tha I@mn'mrﬁwmmumamguvlm
wiazTiaaa n-hexane (JuIan 5w nves smnaliuds mnmaaaqu‘lwnwﬁawﬁﬂmm
W68t n-hexane YTMIaRAsE n-hexane 80 4 A%1 TINFIMAETAMIY n-hexane ud
arasadnenony luasaneane udie  n-hexane maamgu"lwm@ia:mﬁ@ HIVBTLUDY
ﬁqu“lwnwiawﬁﬂﬁaﬁ'ﬂﬁ’w n-hexane w3 5 asauda Asawliusis sntwihansnasdadas
methanol Tatusgls methanol wazvimsatadatisnnamiufianass n-hexane awle

FIENARLILAE methanol

miuﬂnmﬂﬁu“sqﬂ%mnammmfﬁ

FTRNEMENLGID n-hexane IANDBULALN 2.0 g WINLUNGY reverses phase
silica ge! (RSiL C18 HL 230-400 mesh, Chemie Uetikon)} open column chromatography
uazld methanol 1iw eluting solvent S2uENTasa1BNaanaIN column LM UAZTEAL
TWuks a7 CS-1 (660 mg) anwanleanevhezaofilfiudunanszning n-hexane
Wwax chloroform

FIIENAWLILEIY methanol i]’mﬂammuﬁ/"l 10.0 g ¥hanuanaa silica gel (8i0,
230-400 mesh ASTM, Merck) open column chromatography f\l'mﬁtu eluted column @28l
10% methanol/chtoroform 1000 ml, 20% methanol/chloroform 6000 ml uaz 30%
methanol /chloroform 2000 mi JU fraction 8z 75 ml fractions 14-72 (1820 mg) 74

dheete InTuiaILandasae silica gel open column chromatography lasld 10%

]
=

methanolsethyl acetate 1u eluting solvent WazIU fraction 8¢ 50 ml fractions 1 4-42

TIheaEnU wazimnIanRanld®ns CS-2 (321.2 mg) 970 methanol

ﬂ'ﬁ'ttﬂﬂﬂT‘a“lﬁﬂ%i"{ﬂcﬁfﬁ’mi’lﬂtﬁﬁﬂﬂ

§IIANOWEIUGLE methanol MINTINLKEDY 10.08 g siwuanely silica gel (Si0,
230-400 mesh ASTM, Merck) open column chromatography mﬂ‘fu eluted column @8
2% methanol/chloroform 400 ml, 5% methanol/chloroform 400 ml, 10%
methanol/chioroform 2600  ml, 20%  methanol/chloroform 600 ml, 30%
methanol/chloroform 600 ml, 50% methaneol/chloroform 1100 ml, methanol 1800 ml

U8z 10% water/methanol 1800 mi JU fraction 8z 75 m! fractions 10 (350.1 mg) W1



uLBnsaaal silica gel open column chromatography Tawlt 5% methanol/chioroform (I
eluting solvent lap3u fraction Az 30 ml @15 PM-1 58.8 mg, PM-2 19.9 mg waz PM-3
19.1 mg wan leia1n fractions 10-13, 14-34 uaz 35 @UIAL

fraction 11 (252.4 mg) Wauuneasay silica gel open column chromatography
loold 5% ethyl acetate/banzene 11 eluting solvent lag/3U fraction 8z 30 m! &7 PM-1
19.7 mg, PM-2 22.9 mg uaz PM-3 23.7 mg LBntean fractions 6-9, 13-25 uaz 32
ANEGL

fraction 44-51 (589.9 mg) WwWuundaele siica gel open column
chromatography lasld 15% methanol/chloroform Liiu eluting solvent wonldas PM-8
9.6 mg Wi PM-8 anusndadat RSIL G18 column chromatagraphy lanld 10%
water/ methanol L eluting sotvent uon'le PM-8 ODS-U2 (2 mg) uas PM-8 ODS-L

(2 mg)

ﬂ’]‘iLLEIﬂﬂ’)?iﬁﬂ%?!ﬂgﬂ‘]ﬂLﬂ’]aQﬁl

ATENANENUEIY n-hexane MOTBRAY 3.0 g Wwuuneay silica gel (Si0,
230-400 mesh ASTM, Merck) open column chromatography mnﬁf’u eluted column &g
5% ethyl acetate/n-hexane 2000 ml, 10% ethyl acetate/n-hexane 1500 mi, 5% ethyl
acetateschloroform 1000 ml, 5% methanol/chloroform 1500 ml  usx 20%
methanol/chloroform 500 ml 1 fraction 82 75 ml  fractions 3-4 (1218 mg) ¥wwun
fiaenn silica gel open column chromatography lat/lf 1% ethyl acetate/n-hexane won'la
#135 NWF-1 (844 mg), fraction 5 (175.3 mg) #nugnsiassy silica gel open column
chromatography laelld 1.5% ethyl acetate/n-hexane upnle®1s NWF-2 (76.2 mg),
fractions 21-23 (160 mg) Wanuundadls preparative silica gel TLC lauld chloroform
saturated with 25% ammonia water : ethyl acetate : n~hexane = 20:1:79 111 developing
solvent ﬁnﬂﬁ?uﬂ’m’nmﬂ@iaﬁﬂﬂ%ﬁ’m preparative SiO, TLC Tagld  benzene : ethyl

acetate : n-hexane = 30:1.5:68.5 flu developing solvent uon'lé NWF-3 (102 mg)

m‘mﬂnmﬂﬁu‘%qrﬁgmnLms\lz@n

FIFNANEILEIE n-hexane NLANNEgN 11.98 g Wwuendlw silica gel (SiO,
230-400 mesh ASTM, Merck) open column chromatography il'mﬁ?u eluted column @78
20% chloroform/n-hexane 500 ml, 30% chloroform/n-hexane 1500 mi, 50%
chloroform/n-hexane 1500 mi, 70% chloroform/n-hexane 1000 ml, chloroform 1500
ml, 1% methanol/chloroform 1000 mi, 3% methanol/chloroform 1000 mi, 5%

methanol/chloroform 1000 m, 10% methanol/chloroform 500 mi, 20%



methanol/chloroform 1000 m! Was methanol 500 mi U fraction 8z 75 ml  fractions
56-60 (307.7 mg) ¥anuendaaiy silica gel open column chromatography lay 30%
chloroform/n-hexane % eluting solvent Lanldas NSP-1 (17.5 mg) uas NSP-2 (51.0
mg), fraction 61-66 (949 mg) ¥ uansiame silica gel open column chromatography
tault 40% chioroform/n-hexane 1w eluting solvent wania®1s NSP-1 (1.7 mg) uaz
NSP-2 (22.7 mg). fraction 67-76 (1089 mg) Wmuunedasy silica gel open column
chromatography lagls 50% chloroform/n-hexane i1 eluting solvent WHAleR1T NSP-2
(613.6 mg), fracton 77-85 (464 mg) urwusneame silica gel open column
chromatography lagld 50% chloroform/n-hexane LT eluting solvent LONEAT NSP-2
(46.1 mg) waz NSP-3 (120.6 mg), fraction 86-96 (428.1 mg) dnaueneaeey silica
gel open column chromatography lasls 50% chloroform/n-hexane il eluting solvent

wunteians NsP-3 (15.3 mg)

Preparation of docosanoyl chioride. Suspension of docosanoic acid (43 mg, 0.126
mmol) and thionyl chioride (0.6 ml, 8.23 mmol) was refluxed at 110-135 °C under
argon gas for 3.5 hrs. After excess thionyl chloride was removed under reduced pressure,
the residue was dissolved in dry CH,CL, (1.0 mi).

Condensation of lupeol and docosanoyl chloride. A solution of lupeol (5.3 mg, 0.012
mmol) in dry CH,Cl,, dry pyridine (5 ml, 0.012 mmol) and CH,CI, solution of docosanoyl
chloride (0.15 ml, 0.019 mmol) were sucessively mixed together at O °C under argon.
The mixture was stirred at room temperature for 16.5 hrs. Further dry pyridine (5ml,
0.012 mmol) and the CH,Cl, solution of docosanoyl chioride (0.05 ml, 0.006 mmo!)
were added to the reaction mixture at O C and then the mixture was stirred at room
temperature for 1.5 hrs. The reaction mixture was diluted with CHCI,; and cold water. The
whole was extracted with CHCI;. The organic layer was washed with water, dried over
anhydrous magnesium sulphate and evaporated to afford synthesized 3-docosanoy! lupeol

(9.3 mg, y. quant.).
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Symphoremataceae

Ancistrocladaceae

Connaraceae

Apocynaceae

Table 1: UM MWUBIRNTANANENUUAS % yield aifBumuininNoui

A78819 J‘]ﬁﬁnuﬁa n-hexane extract methanel extract

(9) dwin (@) | % yield wnetn (@) | % yield
TIARDY 1000 1.80 0.18 55.78 5.58
TUNBINDIUIN 900 6.84 0.76 33.34 3.70
zgn 800 2.03 0.25 52.01 6.50
LaUNIIUA 600 0.55 0.09 68.44 11.41
neutauih 1000 10.35 1.04 119.94 11.99
\ndny 1100 14.30 13.0 105.71 9.61
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Table 2: ﬂ'il]'lm‘liilﬁﬁ']'iﬂ'iﬁ;‘r‘lmm: % yield LUBLVHUNUWIRUNUADIRTIRNOWRETL

#TANARED

WAUIA (mg)

aunlng mm‘%;—.gng % yield
naULan{’l n-hexane extract homorapanone 660.0 33.60
methanol extract bergenin 321.2 3.21
Twaad methanol extract lucidin- () ~methyl ether 78.5 0.79
rubiadin 42.8 0.43
rubiadin-1-methyl ether 42.8 0.43
rubiadin- 1 -methyl ether-3-0- | 2.0 0.02
B -primeveroside
rubiadin—S—O—B-primeveroside 2.0 0.02
tm%qu n-hexane extract 3-docosancyl lupeol 844.0 28.13
lupeol 76.2 2.54
3-acetyl lupeol 102.0 3.40
imugn n-hexane extract B—amyrin 687.3 5.74
stimasterol & [3-sitosterol 135.9 1.13
(~7:3)
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cs-1 : anuanlugy amorphous &g |

mp. 136.7-138 (uncorrect.). UV lmaxMeOH nm (log €) : 210 (3.96), 290
(4.26). EI-MS m/z (%) : 350 (M', 3), 322 (57), 294 (13), 154 (100), 125
(17). 'H-NMR (CDCl,) : & 7.67 (2H, s, 20H), 6.0 (1H, s, H-6), 2.45 (2H, dd, J
= 7.93, 7.68 Hz, H-17), 1.47 (2H, quin., J = 7.02 Hz, H-2%), 1.25 (2H, m, H-14%),
0.88 (3H, 1, J = 6.71 Hz, H-15"). "G-NMR (CDCI,) : © 116.99 (C-3), 102.16
(C-6), 31.92 (C-13"), 29.35-29.67 (C-3 ~ C-12°), 27.93 (C-2’), 22.68 (C-
14), 22.52 (C-1°), 14.10 (C-15"). Lfimﬂ"’iuuLﬁUuiagamﬁhﬁﬁ'uﬁﬁﬁmmvl"i’wud"n

\flu homorapanone (Lund et al., 1997) uazlgasninaiitilu C,,H;,0,

cs1: (ﬂﬂw'ﬁﬂlugﬂ prism MIAF 910 methanol
MeQ
mp. 146.3-147.7 (uncorrect.). UV A nm (log €) : 222 (4.21), 276
(3.96). EI-MS m/z (%) : 328 (M', 34), 250 (2), 208 (100), 180 (19), 152
{(18), 103 (10). "H-NMR (cbcy,) : O 7.07 (1H, s, H-7), 4.95 (1H, d, J = 10.7

H




Hz, H-10b), 4.05 (1H, dd, J = 10.38, 9.47 Hz, H-4a), 4.02 (1H, dd, J = 11.60,
1.83 Hz, H-11), 3.89 (3H, s, OMe), 3.80 (1H, dd, J = 9.46, B.55 Hz, H-4), 3.68
(1H, dd, J = 11.60, 1.53 Hz, H-11), 3.65 (1H, dd, J = 7.02, 1.83 Hz, H-2), 3.42
(1H, dd, J = 9.46, 8.54 Hz, H-3). ' G-NMR (CDCl,) : 8 165.76 (C-6), 152.35
(C-8), 149.44 (C-10), 142.27 (C-9), 119.43 (C-6a), 117.29 (C-10a), 111.04
(C-7), 83.04 (C-2), 81.42 (C-4a), 75.62 (C-4), 74.24 (C-10b), 71.89 (C-3),
62.65 (C-11), 60.89 (OMe). LﬁanﬁﬂuLﬁyuﬂagammﬁﬁ’uﬁﬁﬁumu"li’wud'l ST
bergenin (Mebe and Makuhunga, 1992; Taneyama et al., 1983; Saijo et al., 1990) uaz
fgasmaaiiiln €, H, (0,

PM-1 : uun lalug1l amorphous Fnaas

uv A= nm : 204, 246, 270. EI-MS m/z (%) : 284 (M, 12), 269 (6),
252 (100), 224 (9), 196 (30), 168 (16), 149 (12), 139 (26). "H-NMR
(DMSO-d,) : S 13.24 (1H, d, J = 3.66 Hz, OH-1), 8.20 (1H, d, J = 7.63 Hz, H-
8),8.14 (1H,d,J = 6.71 Hz, H-5), 7.92 (1H, dd, J = 7.33, 7.32 Hz, H-7), 7.88
(1H, dd, J = 7.33, 7.32 Hz, H-6), 7.26 (1H, s, H-4), 4.44 (2H, s, -CH,0), 3.26
(3H, s, OMe). FmILdDyanIy Cc-NMR gldan Table 3 LﬁaLﬂ%nmﬁuuﬁayamm&ﬁu
ﬁﬁﬂumuﬁwui’] 1% fucidin--methyl ether (Dej-adisai, 1997; Chang and Lee,
1984; Banthorpe and White, 1995; itokawa et al, 1983) uazligasmaaiiilu
Cy6H1205

PM-2 : LL?Jﬂvl.@ﬂ.ugﬁJ amorphous FLRABY

EI-MS m/z (%) : 254 (M', 100), 238 (16), 226 (15), 197 (14), 181
(13), 152 (26), 139 (11), 115 (25). 'H-NMR (DMSO-d,) : & 13.11 (1H, s,
OH-1), 8.20 (1H, dd, J = 7.33, 1.53 Hz, H-8), 8.13 (1H, d, J = 7.33 Hz, H-5),
7.91 (1H, ddd, J = 7.63, 7.832, 1.53 Hz, H-7), 7.88 (1H, ddd, J = 7.63, 7.32, 1.63
Hz, H-6), 7.26 (1H, s, H-4), 2.07 (3H, s, CH;). éww%’uﬂ'agama “C-NMR ﬂ'l,ﬁmﬂ
Table 3 l.ﬂﬂLﬂ%ﬁuL‘ﬁEJU"ITEJJI;]IRmﬁi’ldﬁ’uﬁﬁiﬂﬂm%vl'?wu’)"l 11w rubiadin (Dej-adisai, 1997;
Chang and Lee, 1984, Banthorpe and White, 1995; ltokawa ef al., 1983) LLa:ﬁgm"nN
willllu C,.H,,0,

pM-3 : uun'ldlugl amorphous FinRas
EI-MS m/z (%) : 268 (M', 68), 253 (79), 239 (53), 181 (36), 165 (41),
162 (52), 139 (33), 115 (37), 84 (82), 66 (100), . H-NMR (DMSO-d,) : O



8.13 (‘IH, dd, J = 7.63, 0.91 Hz, H-8), 8.08 (1H, dd, J = 7.63, 0.91 Hz, H-5),
7.87 (1H, ddd, J = 7.63, 7.32, 1.53 Hz, H—?), 7.82 (1H, ddd, J = 7.63, 7.32, 1.562
Hz, H-6), 7.48 (1H, s, H-4), 3.78 (3H, s, OCH,). 2.07 (3H, s, CH,). &mIuTaua
v C-NMR @lén Table 3 ijaLﬂ‘%umﬁzlmTaHamdﬂiﬁuﬁﬁﬂmmﬂwmw W
rubiadin-1-methyl ether (Dej-adisai, 1997; Chang and Lee, 1984; Banthorpe and
White. 1995; ltokawa et al., 1983) uazligasmaiaiitiiu C,¢H,,0,

Table 3 : ' C-NMR data (DMSO-d,) for PM-1, PM-2 and PM-3

Carbon | PM-1 PM-2 PM-3 Carbon PM-1 PM-2 PM-3

1 163.73 162.39 160.57 8a 133.93** | 132.95 132.03
2 116.65 117.28 126.09 9 186.13 186.18 180.08
3 164.31 162.78 161.68 9a 108.93 108.91 117.81
4 107.68 107.31 109.00 10 181.80 181.75 182.57
4a 132.83 131.68 133.69 10a 133.04** | 132.84 134.48
5 12637 | 12663 | 12597 Ar-OCH, | - - 60.54
6 134.47% | 134.37 133.27 -CH,0- | 61.07 = =

7 134.66* | 134.47 134.46 OCH, 57.59 = =

8 126.76 126.21 126.58 CH, = 8.01 8.98

=, ** Assigment may be exchangeable within the same symbol.

PM-8 0DS-U2 : upnlaluzy amorphous Fwies

"H-NMR (CD,0D) : O 8.24 (1H,dd,J = 8.0, 1.4 Hz, H-8), 8.22 (1H, dd. J
- 7.4, 1.4 Hz, H-5), 7.84 (1H, ddd, J = 8.0, 7.4, 1.4 Hz, H-7), 7.79 (1H, ddd, J =
7.4, 7.4, 1.4 Hz, H-6), 7.84 (1H, s, H-4), 3.88 (3H, s, OCH,), 2.33 (3H, s, CH,).
517 (1H, d, J = 7.4 Hz, H-1"), 4.15 (1H,d, J = 11.0 Hz, H-6"), 3.88 (1H, dd, J =
11.0, 5.23 Hz, H-6"), 4.27 (1H, d, J = 7.15 Hz, H-2") aufoudinudaysmesniiny
ﬂﬁﬂumu"ﬁwudw st rubiadin-1-methyl ether-S-O-B-primeveroside (Lu et af,
1998; El-Emary and Backheet, 1998; Ei-Gamal et al., 1996) LLa‘:ﬁtﬁm“ﬂ’mﬂﬁLﬂu
CarH30013

PM-8 ODSL : uain'llugl) amorphous Mndas

"H-NMR (CD,OD) : & 8.29 (1H, dd, J = 7.15, 1.9 Hz, H-8), 8.26 (1H, dd,
J=7.15, 1.65 Hz, H—5), 7.85 (1H, ddd, J = 7.15, 7.15, 1.65 Hz, H—T), 7.84 (1H,
ddd. J = 7.15, 7.15, 1.9 Hz, H-6), 7.59 (1H, s, H-4), 2.25 (3H, s, CH,). 5.15 (1H,
d,J = 7.42 Hz, H-1"), 4.14 (1H, dd, J = 11.0, 1.65 Hz, H-6"), 3.88 (1H, dd, J =



13

11.27, 5.23 Hz, H-6"), 4.27 (1H, d, J = 7.42 Hz, H-2") WaiSoufvudaaysinaniy
ﬁuﬁ'QSWUﬂﬂuVLfWU'ﬁW ezt rubiadin-3-0—B-primeveroside (Lu et al., 1998; El-Emary

and Backheet, 1998; Ei~Gamal ef al., 1996) wazilgainuaiiiiu CyeHyy0,44

NWF-1 : LLUﬂvL@ﬂugﬂ amorphous &7

mp. 76.5~77.5 °C. [0, +26.6° (c = 0.56, CHCI,). IR (KBr) cm ' : 2930,
2850, 1730, 1640, 1460, 1380, 1220, 1170, 1120, 980, 880, 720. 'H-NMR
(CDCI,) O : 4.69 (1H,d, J = 2.4 Hz, H-29), 4.57 (1H, m, H-29), 4.47 (1H, dd, J =
10.7, 5.5 Hz, H-3), 2.38 (1H, ddd, J = 11.3, 11.3, 5.8 Hz, H-19), 1.68 (3H, s, H-
30), 1.03 (3H, s, H-26), 0.94 (3H, s, H,-27), 0.85 (3H, s, H;-25), 0.84 (6H, s,
H,-23 and H,-24), 0.79 (3H, s, Hy-28), 2.28 (2H, 1, J = 7.3 Hz, H-2"). ' C-NMR
: see Table 4. HR-MS caled for Cg,Hg,0, @ 748.7064. Found 748.7067. oSy
LﬁUuifa;daLmhﬁﬁuﬁﬁ'smmu‘lfi’wuﬁ (il 3-docosanoyl upeol (Razdan et al., 1996;
Schmidt et al., 1983; Halim et al., 1983; Sobrinho ef al., 1991) uaziigaamauaiiiu
CpHg, O,

NWF-2 : uon lalugi amorphous &1

EI-MS m/z (%) : 426 (M, 8), 315 (3), 257 (4), 218 (52), 189 (59),
149 (65), 121 (65), 95 (100), 69 (87). "H-NMR (cDCl,) O : 4.69 (1H, d, J =
2.14 Hz, H-29), 4.57 (1H, br. 5, H-29), 3.17 (1H, br. s, H-3), 2.38 (1H, ddd, J =
11.29, 11.29, 6.11 Hz, H-19), 1.68 (3H, s, H,-30), 1.03 (3H, s, H;-26), 0.97
(3H, s, H;-23), 0.94 (3H, s, H;-27), 0.83 (3H, s, H,~-25), 0.79 (3H, s, H;-28),
0.76 (3H, s, H,-24). ' 'C-NMR : see Table 4. Lf'ianﬁuuLﬁﬂuﬁagatﬁdwﬁﬁuﬁﬁiﬂu
ywliwuin 1w tupeol (Sholichin et al., 1980; Shicjima et al., 1994; Lin and Tome

1988; Reynolds et al., 1986) Uazlgammataiiiu C,H,,0

NWF-3 : uainléilugy amorphous &

EI-MS m/z (%) : 468 (M, 7), 408 (1), 365 (6), 298 (1), 249 (4), 218
(42), 189 (77), 147 (37), 121 (81), 95 (100), 69 (66). "H-NMR (cbcly) O -
469 (1H, d, J = 2.44 Hz, H-29), 4.57 (1H, m, H-29), 4.47 (1H, dd, J = 10.9, 5.8
Hz, H-3), 2.38 (1H, ddd, J = 10.99, 10.99, 5.8 Hz, H-18), 1.68 (3H, d, J = 0.61
Hz, H,-30), 1.03 (3H, s, H,-26), 0.94 (3H, s, H,-27), 0.85 (3H, s, H;-25), 0.85
(3H, s, H,-23), 0.84 (3H, s, H,-24), 0.79 (3H, s. H,-28). ' C-NMR : see Table 4.

4 ot a G e A @ % = . .
Luauﬁﬂumuwagammunuwmﬂmm‘lfawmﬁ tily 3-acetyl lupeol (Solichin et al.,



1980; Shiojima et al., 1994; Lin and Tome 1988, Reynolds et al., 1986) LLazﬁgmﬂ’w

1editu Cu,Hs 0,

Synthesized 3-docosanoyl lupeol : White amorphous powder. [OL]D19 +28.6 (z = 0315,
CHCI,). "H-NMR (CDCl,) O :4.69 (1H,d, J = 2.1 Hz, H-29), 4.57 (1H, m, H-29),
4.47 (1H, dd, J = 10.7, 5.5 Hz, H-3), 2.38 (1H, ddd, J = 11.0, 11.0, 5.8 Hz, H-
19), 1.68 (3H, s, H-30), 1.03 (3H, s, H-26), 0.94 (3H, s, H-27), 0.85 (3H, s, H~-
25), 0.84 (6H, s, H-23 and H-24), 0.79 (3H, s, H-28), 2.29 (2H, t, J = 6.7 Hz,
H-27). 13C—NMR : see Table 4. FAB-MS (NBA) C.,Hg,0,K (M+K)* = 787,

Table 4 © ' C-NMR Data (CDCI,) for NWF-1, NWF-2, NWF-3,

synthesized 3-docosanoyl lupeol, lupeol and 3-acetyl lupeol.

Carbon | NWF-1 syn. 3-doc. lup. NWF-2 lupeol NWF-3 3-acet. lup.
1 38.37 38.37 38.70 38.7 38.37 38.38
2 23.74 23.74 27.41 27.5 23.70 2317
3 80.60 80.60 78.99 79.0 80.96 80.97
4 37.83 37.83 38.85 38.9 37.79 37.79
5 55.37 55.37 55.29 55.3 55.37 55.37
6 18.20 18.20 18.31 18.3 18.19 18.20
7 34.20 34.20 34.27 34.3 34.19 34.20
8 40.84 40.84 40.82 40.9 40.84 40.85
9 50.33 50.33 50.43 50.5 50.33 50.34
10 37.08 37.08 37.16 37.2 37.07 37.08
1 20.93 20.93 20.92 21.0 20.93 20.94
12 25.00 25.09 25.19 25.2 25.08 25.10
13 38.03 38.03 38.04 38.1 38.03 38.04
14 42.82 42.82 42.82° 42.9 42.81 42.82
15 27.43 27.43 27.41 27.5 27.42 07.42
16 35.56 35.56 35.57 35.6 35.56 35.57
17 42.99 42.99 42.99" 43.0 42.99 43.00
18 48.28 48.28 48.00° 48.0 48.27 48.28
19 48.00 48.00 48.29" 48.3 48.00 48.00
20 150.96 150.97 150.98 1509 | 150.98 150.97
21 29.82 29.82 29.84 29.9 29.82 29.83
22 39.99 39.99 39.99 40.0 39.99 39.99
23 27.96 27.96 27.98 28.0 27.94 27.95
24 16.57 16.57 15.36 15.3 16.49 16.50
25 16.17 16.17 i6.11° 16.1 16.18 16.17




Carbon | NWF-1 syn. 3-doc. lup. NWF-2 lupeol NWF-3 3-acet. lup.
26 15.97 15.97 15.97 16.0 15.97 15.97
27 14.51 14,51 14.54 14.6 14.50 14.51
28 17.99 17.99 17.99 18.0 17.09 18.00
29 109.34 109.34 109.31 109.3 109.34 109.35
30 19.28 19.28 19.30 10.3 10.28 19.28
i 173.70 173.70 - - 1108 171.02
2’ 34.86 34.86 - = 21.33 21.33
3 25.17 25.17 = = . -
a-20' 129.17-3192 | 20.17-31.92 |- - - =
21 22.69 22.69 4 s . .
9 14.12 14.12 . . . -
a, b, ¢ = assignments may be reversed.
NSP-1 : upn'leilugl amorphous 171
Toyaan 'H-NMR  usz | C-NMR uzestismailugunauvosasiungy

triterpenoid aenatap 2-3 wila Symgastasaaialale

NSP-2 : I,Lf.invl@ﬂugﬂ amorphous §117

FAB-MS : 427 (M +H)". 'H-NMR (cDC1,) 8 : 5.18 (1H, dd, J = 3.84, 3.57
Hz, H-12), 3.22 (1H, ddd, J = 10.72, 6.05, 4.67 Hz, H-3), 1.14 (3H, s, H;-28),
1.00 (3H, s, H,-27), 0.97 (3H, s, H;-23), 0.94 (3H, s, H,-29), 0.86 (3H, s, H,-
26), 0.86 (3H, s, Hy-24), 0.82 (3H, s, H,-25), 0.79 (3H, s, H,-30). ' "C-NMR :
see Table 5. LﬁauﬁﬂuLﬁuu{r'ayjamﬁﬁfﬁuﬁﬁsmmuﬁwudw 1l B-amyrin (Seo et al.,

1975; Gaydou ef al., 1996; Matsunaga et al., 1988) uaziligasmaaiiin CyoHy,0

NsP-3 : uen'ldlug amorphous #2712

'"H-NMR (CDCI,) & : 5.35 (1H, d, J = 5.17 Hz, H-6), 5.15 (1H, dd, J =
15.22, 8.62 Hz, H-22), 5.02 (1H, dd, J = 15.09, 8.77 Hz, H-23), 3.52 (1H, m,
H-3), 1.02 (3H, d, J = 6.75 Hz, H-21), 1.01 (3H, s, H,~19), 0.85 (3H, d, J =
6.47 Hz, H,-26), 0.81 (3H, d, J = 7.62 Hz, H,-29), 0.80 (3H, d, J = 6.32 Hz, H,-
27), 0.70 (3H, s, Hy-18). ' "C-NMR : see Table 5. Liaufouifisudayaimaniiiuis
nenwliwud JJudiunauTzning stigmasterol (C,oH,,0) AU [B-sitosterol (C,oH<,0)
lugadrutszunm 7:3 (Alam et al.,, 1996; Ahmed et al., 1992).



Table 5 : ' C-NMR Data (CDCI,) for NPS-2, NPS-3, [3-amyrin, stigmasterol and

B -sitosterol
carbon | NPS-2 B-amyrin stigmasterol B-sitosterol NPS-3
1 38.5 38.6 37.06 37.36 37.25
2 27.0 26.9 31.64 31.90 31.65
3 78.9 79.0 71.77 71.797 71.80
4 38.7 38.8 41.50 42,29 42.30, 42.31
5 55.1 55.2 140.23 140.75 140.74
6 18.3 18.4 121.69 121.69 121.70
7 32.6 32.7 31.72 31.65 31.87, 31.87
8 39.7 39.8 31.95 31.93 31.89
8 47.6 47.6 50.10 50.13 50.15, 51.23
10 37.0 37.0 36.72 36.50 36.51
T 234 23.5 20.80 21.09 21.08, 21.06
12 121.7 121.7 39.59 39.78 39.67, 39.76
13 145.0 145.2 4250 42.32 42.21, 42.21
14 41.7 41.7 56.67 56.77 56.86, 56.76
15 28.3 28.4 24.01 24.31 24.35, 24.30
16 26.2 26.2 28.55 28.26 28.91, 28.24
17 32.5 32.5 55.85 56.06 55.94, 56.04
18 47.2 47.2 11.61 11.88 12.04, 11.97
19 46.8 46.8 19.23 19.40 19.39
20 31.1 31.1 40.13 36.15 40.49, 36.14
21 34.8 347 20.48 18.79 21.06, 18.77
22 37.2 37.1 138.04 33.95 138.31, 33.94
23 28.1 28.1 12915 26.07 129.26, 26.06
24 15.5 15.5 51.06 4583 51.23, 45.82
25 158.5 15.6 32.00 29.16 31.65, 29.14
26 16.8 16.8 19.00 19.83 18.97, 19.81
27 26.0 26.0 21.21 19.04 21.21, 19.02
28 27.3 27.2 25.41 23.07 25.40, 23.05
29 33.2 33.3 12.00 11.99 12.04, 11.85
30 23.6 23.7 = = =
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R = OCCH (CH,},CH,, docosanoyl lupeol

R = H, lupeol
R = OCCH,, acetyl lupeol

homorapanone

R=H, R|=CH>OCH3, Rp=0H; lucidin-w-methyl ether

R=H, R1=CHj3, Ry=0H; rubiadin

R=CHj3, R1=CHj3, R»=0H; rubiadin- 1-methy! ether

R=CHj, R{=CH3, Ro=0-f3-prim.; rubiadin-1-methyl ether-3-O-B-primeveroside
R=H, R;=CHj, R2=0-B-prim.; rubiadin-3-O-B-primeveroside

prim. = 6-0-B-D-xylopyranosyl-D-glicopyranosyl

[3-sitosterol

stigmaterol




Table 6 : Nmlaamiaﬁ@agﬂwma:a*rm‘%qﬂ%@iammﬂaﬁfmaa T-cell

faey ECy, (Lg/mi)
AVTANAWLL
TINARDY n-hex. ext. 161.3
MeOH ext. 193.0
TUNBIWELIN n-hex. ext. AEY CHIRICIT I
MeOH ext. 268.8
WEan n-hex. ext. 73.7
MeOH ext. 236.9
Lnﬂﬁﬂﬂ n-hex. ext. 1544
MeOH ext. 271.0
ADUANLG n-hex. ext. 139.8
MeOH ext. 144.0
nE]‘JJLLmJ‘L{’\ n-hex. ext. 354
MeOH ext. (stimulate cell proliferation)
ﬂ'lill%i!‘ﬂg’
homoraponone 20.2
bergenin 819.7
3-docosanoyl lupeol >1000
3-acetyl lupeol 861.0
lupeol 478.9
fucidin~() -methy! ether 76.8
rubiadin 101.6
rubiadin- 1 -methyl ether 170.2
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NSy sweouenesld 2 wie sndeuneuwowin  (Connarus
semidecandrus Jack. Connaraceae) @faliwumonunisfnsmsaiianiosiiaiian
fiow asteiiuenldanasunnautin fe homorapanone kar bergenin wazlinwuT U
Anwnnniea T-cell proliferation YaIaIFDITRa%

wENETIe 3 ﬁﬁ@mnﬁﬂﬁmmﬁﬂu (Willughbeia firma Bl. Apocynaceae) AN
¢fa 3-docosanoyl lupeol, lupeol Waz 3-acetyl lupeol WAZUUNTT MG 3 TUA IINAGWLAN
dzan {Sphenodesme pentandra Jack Symphoremataceae) I@Uﬂ"t?ﬁLLUﬂvLéfﬁﬂ B—amyrin,
stigmaterol waz [3-sitosterol luuandoarun sybinumprumsinsanaiisnion
asriaiunnan

AINInLEARTIe 5 TiennTnveIduIINIARD (Prismatomeris malayana Ridd.
Rubiaceae) R lucidin—() -methyl ether, rubiadin, rubiadin-1-methyl ether, rubiadin-1-
methyl ether-3—O—B-primeveroside 15744 rubiadin—B—O-B—primeve.rbside GH (el IRabo
NIWL rubladin Wa rubiadin-1-methyl ether W niau (Dej-adisai, 1997) wesTnaesn
3 giiagslinunonwiinuluissied

’Luﬂaqﬁ’umiﬁnmtﬁmﬁ’um‘smnmmm@ﬁﬁnw?ﬁuﬁaﬂﬂsLLﬂaﬁamaa lymphocyte
ﬁgﬂﬂ'ﬁ:({;'uﬁ’m mutagen B IuNIITRNENNIVOIEITIINEITUTIG IUNNING  mutagennic
activity 109 mutagen faaiufisule ussuwinans iasniumnfediin a1t gnImen
fsnansasanl i immunosupressant fiulsafilu autoimmune disease 1T% rheumatoid
arthritis Uz Tsadu 9 ‘ﬁli‘]‘juﬂﬁié’ﬂLm_lL‘%ﬂ"f’dﬁlﬁﬂﬁ)’mﬂ"l’szﬂﬁﬁfﬁjﬁ’uvl’nﬁuvlﬂ v Deanlun
e dudu (You et al., 1998) B9gn3ansTINTd *Hd'a?aamu”l,wﬂ@ﬁﬂ'rrﬂﬂﬁ‘hjﬂi*ﬁu
Wiofudinmautedivas Iymphocyte ualugmzAifians mutagen NINTEG nfuduisqns
NduYad  mutagen W ®159NEIINTG maamuvl,wmml*mmﬁmmﬂ'mﬂu
immunomodulator LLﬂ:ﬂﬂ@’i’lﬁ]:Lﬂuﬁ’JUﬁﬁﬁl%ﬂ’l‘iﬁﬁlzu%ﬂl‘ﬁﬂHWI‘A'F]J;WLLWCﬂ"M 9 iilaa
Nniwwrfiain m,imvl,mmﬁnﬁumm‘mﬂ%’ﬂﬁ&lﬂqﬂmaaszum‘]ﬁﬁuﬁu‘lummunu;mu‘ Famam
ﬂé’aaﬁunﬁﬂtyfgwaammwmﬁmu“lwm"‘iﬁmifmangu"lwsmwﬁ@]m‘l."filﬂumﬁﬁamq LR
o Taus

NMINAFIUNAADMIELINIUWLINGI8d  T-cell proliferation ﬁgnm:@j’uﬁm
phytohaeagglutinin (PHA) YBIFVTANARLL LLaza’l‘m“‘iEgﬂ%ﬁLLUnv‘ﬁ WU31 homorapanone
ﬁ]:ﬁua'l,umirfl’uE?ammﬂaﬁﬁﬁa;ﬂ Aadlfn EC,, YINAU 20.2 flg/ml 389831778 lucidin-
()-methyl ether (EC5, = 76.8 Mg/ ml) HegamadasnunadamtugInTLL eI L0 T-

o 0 e Bl z G
cell maqa’lmﬂ@mmuw‘lwmimqnmaamim 2 7iiaH A2 n-hexane extract YaIBAVLIL
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W (EC.p = 35.4 Llg/ ml) u&¥ methanol extract 28931MWABY (ECy, = 193.0 g/ mi)
anudey Tunsalianfinledn ﬂ?iﬂ%iﬂﬂ'ﬁfﬁQﬂéLLiﬁﬂ’j’]aﬂiﬁﬁﬂﬁU’I’LI

z,fiaﬁm‘mmﬂ%r@iﬁmsﬁuﬂb'ammﬁaﬁwm T-cell proliferation ﬁgnm:é{uﬁm
phytohaeagglutinin (PHA) Ba481I8N@MENY LLazaﬁu‘%qw'fgﬁLmn"Lﬁ ?JE]&E’(;;I%VLW?LW‘;R:‘HQ@]
BRZRIIRNAVENLLARSEIU WU o -

1. §IERANEIUSIY n-hexane YEINBUUALWT (EC., = 35.4 [lg/ mi) ﬁqw%ga'au
e sugnsfiuenls fa homorapanone (ECy, = 20.2 Lg/ mi) Fadummwaniuenld
naEsataneuaIuil

2. FIIETAWENUSY methanol TEINALULOLI ﬂﬁUQQﬂéﬂiziuﬂﬁﬁLLﬂéﬁﬁﬁlad T-
cell ‘lmmzﬁm‘su‘iqﬂ%ﬁuuﬂﬁ &8 bergenin LAAIOVIBIMNIHUHINATULGTEY (EC,, =
819.7 Lg/ml) FanoutaraendasiugNTUBIENTANAVENL  LazAIA ﬁm‘s"é‘uﬁa%i‘l.u
FIFERAMENLEE methanol YeInaLunUYn 7ildansaunnld ﬁqw%rm%uqn%{nﬁn's:@ju
UL T-cell 189 PHA asvnlianisamasasatenmuluduiloonuuiugns
maamsm:ﬁumnn'jmﬂ‘ﬁflumiﬁuﬁa

3. FIIANANLIUGIY n-hexane WaIMNBAY (ECy, = 154.4 [lg/ml) fonianii
ﬂ']'i‘].l%ﬁiﬂéﬁl,wﬂvtﬁ Ao 3-docosanoyl lupeol (EC,, »1000 Llg/ml), 3-acetyl lupeol (ECy,
- 861.0 Llg/mi) uaz lupeol (ECq, = 478.9 {g/ml) lamawiz 3-docosanoyl lupeol &9
[Hluaswanfinonldnasaianeusanil 1ﬁﬁnm'§§u§omm®aﬁa Lﬂuﬁﬂﬂﬁdm@d’l i
msmmm%qw%gﬁvlﬁﬁga 3 afia g3fiduwia molecule Lﬁﬂﬁﬁgﬂ (lupeol) %:lﬁQﬂ%faQQ Tu
youzfissfifowe molecule njg w=lignideufie wielidond m@;ﬁtﬂurﬁuﬁﬂm’h
Lﬁﬂmﬂmmn@l::ﬂaumaamm’%gwﬂumm:ﬁﬁﬂﬂ co-culture i T-cell 1{l8937n media 7
141889 T-cell %:ﬁﬁwa;}iga LLﬂ:ﬁﬂ‘iﬂ%fﬁﬂﬁﬂﬁﬂﬁmuﬁ’ﬁﬁqﬁa:ﬂ‘?U‘lil’l E‘]aﬁ"ﬂmﬂimaqah
winle erusunsnlumsazanetinfdelaasrniin %mﬂum@gwaﬁ'wudﬂu well #fl 3-
docosanoyl iupeot ITNANTIANAZNOUNINEA %aﬁﬂ’lﬁm‘iﬁqﬁﬁqw’ﬁrdauﬁq@l

4. sIRBaRENUTIY methanol TeITINMARY (EC,, = 193.0 Ug/ml) Tnndseu
ndfﬂmsu‘%qﬂ'ﬂfﬁuﬂﬂw f8 lucidin-C-methyl ether (EC,, = 76.8 Lg/ml), rubiadin (ECy,
= 101.6 Lg/ml) wae rubiadin-1-methyt ether (EC5, = 170.2 Lig/ml)  lucidin-(-
methyl ether FiTlugawaniuenlanaiTanion puFIuil tﬂumiﬁlﬁ’qw?ﬁﬁq@

Lﬁm‘hm‘saﬁ’wmuLLa:ﬂﬁU“‘sfgﬂ%{Lgﬂa‘hmﬁ’u T-cell Taufldfnndy PHA Saillu
mutagen WU m‘mﬁ“@mmuLLa:miu‘%qﬂ%ﬁ-mmﬁwL;]ﬁwa@mmmﬂaﬁwaa T-cell 88193y
fAn uaavinlwnazlnd msmnagﬂwsmﬁhﬁ lifiuadanisutaeanes T-cel udiiiola
Aanu #A5 mutagen VINTEGUNIIULIAIUEY  T-cell m'smshf':a:vl,ﬂﬁu5«qw§nsz&j’uwm
mutagen Wi ﬁnnmﬁ%’ui{ﬂﬂﬂmmsmzqnavl,nmiaanqn%{lum'sﬁusj'jam‘m:]_iaé"mm T-

[ F=1 @ 1 = Dd‘ lacn-’ g—“ 1 O 4:: ko
cell PRIFNTMETLLS waaradulylennssengnidudainisudsinues T-cell AignnTzdu



21

dy PHA maammﬁﬂvﬁmmm:mm‘%qw%‘maﬁﬁ Teelduiy PHA Tapate Sevinli PHA
imansousasgniis mutagen 18 SerudulUlduaniudfiaulafiosfineidndie
Ty

felinuspaugniae T-cell proliferation "JJE]Gﬂﬁiﬁﬁ@ﬁUWULLﬂ:ﬁﬂiU%QﬂﬁrﬁLLEJﬂVL@T
UASTLUMSE NGNS IHAN 9 1w TToemwin B-amyrin usz fupeol fondlunis
@Tmé’maulu‘lumamgﬁuﬁmﬁgﬂﬁﬂﬁtﬁ@msé’mauﬁ:}U 12-O-tetradecanoylphorbol -
13-acetate $206" 1Dy, 1NU 0.4 UAT 0.6 mg/ear awdaU (Akihisa et al., 1996) il
uiwi Positosterol  Innalumsdudniay (Delporte et al., 1998.) stigmasterol i
qni mnnsdusniay u.a:uﬁmﬂluw%ﬁué’mﬁﬁﬂﬁﬁﬂmiﬂm (nociception) @38l acetic
acid uasz formalin (Santos et al, 1995) aIRauT=wiW  [J-sitosterol (66%) Ny
stigmasterol (34%) fwonldvinwiaazas ﬁqn%faﬂﬁqmﬁalutﬁaﬂluﬁhkmwa (Jamaluddin
et al., 1994) uaﬂﬁnnéﬁaﬁ‘mumu’h B—sitosterol ﬁr]ﬂ"EfoJu antitumor promoting activity
Wanasoudau3s Epstein-Barr virus-early antigen (EBV-EA) activation in Raji cells ﬁgﬂ
NI¥AueIY 12-O-tetradecanoyl-phorbol-13-acetate Galw tumor promotor (Guevara et
al, 1999.) szdnldinsiuwnduswinamaldfnminmuzan Syrnmsisuiining
GMF] B—amyrin, B—sitosterol uaz stigmasterol LAz Lmﬁ@;lﬂ ﬁ'ﬁd%’mmﬁ{ﬂwui’!ﬁm‘i lupeol
atfiduentngemg whinwdaands uazinenlsefionids Ansdiaussendasiuasiain
WU UeETEUnE s uendun s s iU IRE I RIAZg N MMt ganT T
1109 T-cell Alsannsisuil Lﬁaamnmw%mwaanfmﬂumﬂ'@am@; whiundas
e wazInliaianig ﬁauﬁﬁaa:ﬁmmé’nﬁuﬁfﬁ'um‘sl,ﬁ@msé’manlu'mn’lUmp:rﬁ

fiewin rubiadin | W8T  rubiadin-1-methyl ether Sgnilu  antimatarial
(Likhitwitayawuid et al., 1999) usz lucidin-()-methyl ether ﬁqw§ cytotoxic 78 KB cell
(ED., = 0.62 Jlg/ml) (Chang and Lee, 1984) wadelinumonwsimsmaniidans
wU9§v89 T-cell ﬁgnn‘::ﬂ:'ué’w PHA NsTuiigmIsusInIsuLe1nas T-cell anailas
UndTasiignt cytotoxic FalmaRuSY

InsAN®INLIY bergenin ﬁqw%ﬁﬂuﬂaaﬁumaa‘ﬁugnﬁwmﬂé'hu carbon
tetrachioride 1%1&1@’1’3 (Lim et al, 2000) ﬂaaﬁ’m‘ﬁaﬁﬁulu%%m’nﬁgnﬁﬂmU@T’JU
galactosamine Togfiuiamadasdsatitdon glutamic pyruvic transaminase W&z sorbital
dehydrogenase uasfiaiing liRuNI&ATIZH RNA (Lim ef al. 2000) uazfidnTsans
fugasinnsfi  bergenin  TgnitlasiumainwRudaduivnldduilufsdis  carbon
tetrachloride {HMn1T08NTNIHTY glutathione-mediated detoxication Lm:ﬁﬁqu%‘rmaaa%a
83z (Kim et al, 2000) uananii bergenin Safigniawhia Hiv 8ndhs lumsmaseu
WUy in vitro (Piacente et al., 1996) FIWIINATTIETS bergenin Snniiwsnit sauflums

gaandsInunTldresunmdurninsmalanihnsuunuinliduenirimanian
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winghwdinsdumangiams uiinéaTs bergenin sl nmilumatdymIutadanad
T-cell ledasfienuy LLrﬂ'm'iﬁé’aﬁmaaﬁqwﬁumsﬁma%aﬁa‘:: urzilaanudugniinais
TanasRsdu ﬁLﬂum@Naﬁﬁlumﬂ%&ﬂummq'?@m:"l,ﬁ

Tl WU MM TN B NI N9EiNgITas  homorapanone  UWAWUSILINANS
ﬁnmnw%gmﬁﬁﬂmmaamiﬁﬁgmimaa%’ﬂa'lnﬁt.ﬁmﬁu Lza:Lﬂumiﬁagluanﬁmﬁu
ldur embelin uay rapanone SewuiniuiwaoUan Tilapia nilotica (Gomez et al., 1989)
WENIINHEIITIE9IMIN ardisianone A Waz ardisianone B e'fjaLﬂuaﬁﬁﬁgngmm%’n'Lﬂﬁ
\AtNNY homorapanone LLﬂ:Lﬂuﬁ’ﬁﬁ?J%ﬂuﬂ@lmﬁﬂ’lﬁu figns1u 5-lipoxygenase inhibitor
(Fukuyama et al., 1993) LazanMs3spfinudn homorapanone "%Mﬂua’ﬁﬁaglun@;u
quinone ﬁr}ﬂ‘ﬁrﬁﬁq@lumiﬁugam'il,njaﬁwaa T-cell ﬁgnns:ﬁuﬁw PHA nhsénsiena
Innseengmzsailudsiivihanlalunsfiazdnesall Pbiasanasaainduasnen
wuluﬂ%mmﬁdauﬂ’wgamnmuaﬁ@ﬁw n-hexane PaddARaBLLaUN

mnn’n‘%ﬁ'yl,%aoﬁagﬂvlﬁ’h ﬁaagﬂwwmmﬁ@ﬁﬁ’avlajﬁ‘ﬂmumiﬁnmaaﬁ
ﬂi:ﬂa‘u"uaamimﬂmnmg‘uvlwmﬁﬂﬁ?umdau [T% nauLALYn WONENY R LDNZAN WAZ
Frliwu eI HaNTSHLTIDEY T-cel ﬁgﬂn‘i:@j’uﬁw PHA 2898138 NANENUUATRIT
u%ﬁn?ﬁttﬂﬂ"lﬁ Lm:mnrm’%(ﬁansmLLa:mnﬁagamﬁ’lumumﬁnmnw%mﬁﬁwmﬁu
j maaﬁ'rsu'%qﬂ?;ﬁl,l,un”tﬁ wmwaa@ﬂﬁaaﬁ’umi‘l‘ﬁ'mguvl.mmﬁﬂfutﬂuﬁwﬂwgamq nans
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From the stems of Willughbeia firma BL, collected in southem Thailand, a fatty acid ester
of a triterpenoid, 3-docosanoyl lupeol (1), was isolaled as a major component along with

lupeol and acetyl fupeol.

The structure of 1 was determined by spectroscopic analysis

and by synthesizing 1 from natural lupeol and docosanoy! chloride,

Keywords: triterpenocid, docosanoy! lupeol, Willughbeia firma, Apocynaceae

Introduction
Willughbeia firma Bl (Apocynaceae) is a woody
climber of a Thal medicinal plant. The latex of the plant
is used for dressing sores and as a smear on yaws. The
stem is used in various mixtures as a remedy for
dysentery, affection of the liver and yaws, with other
hetbs. The root is used internally as a remedy for
jaundice, heartburn and dysentery.” In addition, a stem
decoction of the plant has also been widely used for the
therapeutic treatment of exanthematous fever and atopic
dermatitis by the traditional doctors in southern Thailand.
Chemical investigation of this plant has not yet been

reported.

Resuits and Discussion
From an n-hexane extract of the stems of W. firma, a
titerpenoid, 3-docosanoyl lupeol (1), was isolated as a
major component along with lupeol (2) and 3-acetyl
lupeol (3).

thie comparison of their physical and spectral data with

The structures of 2 and 3 were identified by
those reported in the literature.***

Compound 1 was obtained as a white amorphous
powder, [a]p" +26.6 (¢ = 0.56, CHCl;). The 'H-NMR
spectrum of 1 showed six tertiary methyls (6 0.79-1.03),
] ore isopropenyl group (& 1.68, 3H, s; 4.69, 1H, d,J =

{1

Hh

)

2.4 Hz; 4.57, 1H, m), and a methine proton (6 4.47, 1H,
dd, J=10.7 and 5.5 Hz) bearing an oxygen function,
which constituted a characteristic feature of triterpenocid
compounds. The 'H-NMR spectra of 1 and lupeol
acetate (3) were very similar except that 1 gave no acetyl
signal (3H, s, 8 2.04) which 3 gave and, instead, showed
signals at 6 2.28 (2H, t, /=7.3 Hz), at around & 1.25 (ca.
38H, m), and at & 0.88 (3H, t, J=6.8 Hz), suggesting the
presence of a saturated long-chain alkane residue in 1.
The proton signal of -3 in 3 (8 4.47, 1H, dd) and the
corresponding signal in 1 (6 4.47, 1H, dd) were observed

at the same position, indicaling that compound 1 had an

1:
2.
3

CO-CHu{CH,5)5CHg, docosanoyl fupecl
H, lupeol
COCH;, acetyl lupeol



ester function at the C-3 position. The “C-NMR signals
causcd by the triterpenoid moiety of the compounds 1
and 3% were almost identical, suggesting that 1 had the
lupeol skeleton. In addition, the carbon signals of an
ester carbonyl observed at & 173.70 ppm, of intemal
methylene carbons of straight—chain alkane at & 22.69-
34.86 ppm, and terminal methyl group atd 14.12,
showed that 1 should have a saturated long-chain fatty
acid ester group.” The HR-MS of 1 showed a
molecular ion (M)" at m/z 748.7067 (100%) lcading to
the chemical formula Cs,H,,0, indicating the possibility
that the fatty

{ CH,(CH,),COOH).
docosanoy! chloride gave docosanoyl lupeol, whosc
spectroscopic data including 'H- and *C-NMR, FAB-

acid was docosanoic  acid

Esterification of lupeoi (2) with

MS, and the optical rotation and T.C profiles were
completely jdentical with those of the natural product 1.
Therefore, T was concluded 1o be 3-docosanoyl lupeol.
Compound 1 has been isolated from nature as a mixture
of esters composed of several fatty acids and lupeol.”
However, this is the first report on the isolation of

docosanoyl lupeol as a single natural product.

Experimental
The instruments used in this study were as follows;
NMR spectra were recorded at 500 MHz for 'H and 125
MHz for "*C on a JEOL JNM-GSX AS00 spectrometer;
optical rotation was measured on a JASCO DIP-140
polarimeter; MS were recorded on a JEOL IMS-HX 101
and a JMS-AM 20 spectrometers; IR spectum was
a JASCO IR-810

photometer; TLC was performed on precoated Merck

recorded on infrared spectro-
Silica Gel 60 GF,s, plates and the spots were detected
under UV light. Column chromatography was carried
out on Merck Silica gel 60, 230-400 mesh for flash
chromatography. Abbreviations used are : singlet (s),
doublet {d), multiplet (m).

Plant material  Stems of Willughbeia firma Bl
1998

Songkhla Province, Thailand. The plant was identified

(Apocynaceae) were collected in  March in
by the comparison of the plant with the herbarium

specimens in the PSU Herbarium (Specimen No.

{1

5

6)

0006231), Department of Biology, Faculty of Sciences,
Prince of Songkla University. A voucher specimen of
the plant material has been deposited at the Faculty of
Pharmaceutical Sciences, Prince of Songkla University,

Hat Yai, Songkhla, Thailand.

Extraction and separation of triterpenoids

Dried coarscly powdered stems of W. firma (1100 g)
were macerated with 3.0 L of n-hexane for four days and
then filtered. The

remacerated with n-hexane (3.0 L) and the extraction

the mixture was residue  was
was repeated four times. The filtrates were combined
and the solvent was evaporated off to give a n-hexane
extract 14.2 g The n-hexane extract (3.0 g) was
introduced o.mo a silica gel column. The column was
cluted with 5% AcOlit/n-hexane 2000 mi, 10%
AcOEYn-hexane 1500 ml, 5% AcOEY/CIICl, 1000 ml,
5% MeOI/CHCI, 1500 ml and 20% MeQI/CHCI, 500
ml, and the fractions (75 ml each) were collected.
Fractions 3-4 were combined (1218 mg) and then
subjected to a silica gel column chromatography eluting
with 19 AcOEtn-hexane to give compound 1 (844 mg).
Fraction 5 (175.3 mg) was further purified by column
chromatography using 1.5% AcOEt/n-hexane as eluting
solvent to give compound 2 (76.2 mg). Fractions 21-
23 were combined (160 mg), and purified first by
preparative TLC using CHCl; saturated with 25%
(20:1:79)
developing solvent and then by preparative TLC using
benzenc:AcOEt:n-hexane (30:1.5:68.5) as developing
solvent to give compound 3 (102 mg).

ammonia water: AcOEt:n-hexane as

3-Docosanoyl lapeol (1)
mp. 765 ~ 77.5°C, [a]p"® +26.6° {(c = 0.56, CHCl,).
IR (KBr) em™ : 2930, 2850, 1730, 1640, 1460, 1380,
1220, 1170, 1120, 980, 880, 720. 'H-NMR (CDCl,) & :
4.69 (1H, d, J = 2.4 Hz, [1-29), 4.57 (1H, m, H-29), 4.47
(1H, dd, J = 10.7, 5.5 Hz, H-3), 2.38 (1H, ddd, J = 11.3,
11.3, 5.8 Hz, H-19), 1.68 (3H, s, H;-30), 1.03 (3H, s, H;-
26), 0.94 (3H, s, Hy-27), 0.85 (3H, s, H;-25), 0.84 (6H, s,
H;-23 and 11,-24), 0.79 (3H, s, H;-28), 2.28 (2H, \, J =
7.3 Hz, ,-2"), 0.88 (3H, t, J=6.8 Hz, 1{,-22"). >C-NMR
(CDCLY &: 38.37 (C-1), 23.74 (C-2), 80.60 (C-3), 37.83

White amormphous powder.
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(C-4), 55.37 (C-5), 18.20 (C-6), 34.20 (C-7), 40.84 (C-8),
50.33 (C-9), 37.08 (C-10), 20.93 (C-11), 25.09 (C-12),
38.03 (C-13), 42.82 (C-14), 27.43 (C-15), 35.56 (C-16),
42.99 (C-17), 48.28 (C-18), 48.00 (C-19), 150.96 (C-20),
29.82 (C-21), 39.99 (C-22), 27.96 (C-23), 1657 (C-24),
16.17 (C-25), 15.97 (C-26), 14.51 (C-27), 17.99 (C-28),
109.34 (C-29), 19.28 (C-30), 173.70 (C-17), 34.86 (C-27,
25.17 (C-3%), 29.17-31.92 (C-4’ ~ C-200), 22.69 (C-
20), 1412 (C-22°).  HR-MS caled for Cylls,0:
748.7064. Found 748.7067.

Condensation of lupeol and docosanoyl chloride

Docosanoyl chloride (0,019 mmol) was treshly prepared
from docosancic acid and thiony! chloride and its’
CH,Cl, solution was added to a solution of lupeol (5.3
mg, 0.012 mmol) in dry CH,Cl, and dry pyridine (5 pl,
0.012 mmel) at 0 °C under argon. The mixture was
stirred at room temperature for 16.5 hr. Dry pyridine
(5ul, 0.012 mmol) and a CIi;,Cl; solution of docosanoyl
chlonide (0.006 mmol) were further added to the reaction
mixture at 0°C and then the mixture was stirred at room
temperature for 1.5 hr. The reaction mixture was diluted
with CHC; and cold water and the whole was extracted
with CHCl;. The organic layer was washed with water,
dried over anhydrous magnesium sulfate, and the solvent
was removed by evaporation. The residue was purified
by Si0; column chromatography to afford 6.3 mg of 3-
docosanoyl lupeol. [a]p'® +28.6 (¢ = 0.315, CHCI).
The 'H- and “C-NMR, and MS spectry, and the 11.C

{157)

profiles were identical with those of natural 1.
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Antipyretic activity of Connarus semidecandrus extract
in rats
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Abstract
Reanmongkol, W., Subhadhirasakul, $., Muneemonai, K., Nathong, K.,
Rangkla, G., and Takayama, H.
Antipyretic activity of Connarus semidecandrus extract in experimental animals
Songklanakarin J. Sci. Technol., 2000, 22(2) : 191-198

The effects of the methanol extract from the stem of Connarus semidecandrus Jack (C. semidecandrus)
and its constituent, bergenin, on nociceptive response using writhing, hot plate and formalin tests in mice and
the antipyretic activity in yeast-induced fever in rats, were examined, Oral administration of C. semidecandrus
extract (100-400 mg/kg) dose dependently decreased the number of contortions and stretchings induced
by acetic acid but not in the heat-induced pain and formalin test in mice, Bergenin (5-20 mg/kg, p.o.) also
produced similar but less pronounced effect than the extract. The extract (100-400 mg/kg, p.o.). significantly
attenuated fever while bergenin (10-20 mg/kg, p.o.) had no effect on pyrexia induced by yeast. These results
suggest that the C. semidecandrus extract possesses antipyretic effect which supports its indication for
relieving fever but not pain in folk medicine.

Key words : Connarus semidecandrus, bergenin, writhing test, antipyretic activity
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Connarus semidecandrus Jack (C. semi-
decandrus) is a woody climber, scandent or
sarmentose shrub in the family of Connaraceae
(Maxwell, 1986). This plant can also be found
in Sumatra and Mergui (Ridley, 1922). It is known
in local name as "Tob Tab"(Maxwell, 1986).
The root decoction of C. semidecandrus has been
used in folk medicine for treatment of fever
(Ridley, 1922). In addition, the stem decoction of
C. semidecandrus has also been used for various
therapeutic treatments of fatigue, pain, and fever
and used as laxative by tradu:onal doctors in
Songkhla province.

The methanol extract of C. semidecandrus
has been found to contain bergenin, which is
an isocoumarin compound (Robinson, 1980).
Bergenin compounds can also be found in many
plants and the pharmacological activities of
some have been reported. The constituent of
Ardisia japonica, bergenin, showed antitussive
effect and in vitro weak anti-HIV activity
(Anon, 1973; Piacente, 1996). The extract from
Flueggea microcarpa also produced antiulcer
and antifungal activities (Goel, ef al., 1997,

Prithiviraj, er al., 1997). Furthermore, bergenin
from the leaves of Allophylius edulis var. edulis
and gracilis exhibited antihepatotoxic activity
against carbon tetrachloride and galactosamine
cytotoxicity in primary cultured rat hepatocytes.
(Hoffmann-Bohm, e al., 1992).

Although C. semidecandrus has been
used for a long time as herbal medicine and some
pharmacological actions of bergenin have been
reported, no pharmacological studies have
previously been conducted on analgesic and
antipyretic actions of this plant. In the present
study, in order to evaluate the potential existence
of analgesic and antipyretic activities of the ex-
tract obtained from C. semidecandrus, we inves-
tigated the antinociceptivé effects of the extract
using the writhing, hot plate and formalin tests in
mice, and its antipyretic activity on yeast-induced
fever in rats.

Materials and Methods

Plant material
The stems of Connarus semidecandrus
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Jack (Connaraceae) were collected in March,
1998, from Songkhla province, Thailand. The plant
was identified by comparison with herbarium
specimens in the PSU Herbarium (Specimen
No. SN 182034), Department of Biology, Faculty
of Sciences, Prince of Songkla University. A
voucher specimen of plant material has been
deposited in the Faculty of Pharmaceutical
Sciences, Prince of Songkla University, Hat Yai,
Songkhla, Thailand.

Preparation of the extract from the stems of
Connarus semidecandrus

The dried coarsely powdered stems of
C. semidecandrus (800 g) were macerated with
5.0 1 of n-hexane for four days and then filtered
and evaporated to give a syrupy mass. The marc
was remacerated with n-hexane (5.01) four times,
filtered and evaporated. All syrupy masses were
combined to give n-hexane extract 8.28 g. The
marc was dried in open air and then was extracted
with methanol using the same procedure as de-
scribed above to give methanolic extract 95.95 g.
The methanolic extract was used as the test
extract. One gram of the extract was equivalent to
119.94 mg of dried powdered stems of C. semi-
decandrus. All doses were expressed in terms of
dried crude extract (ing/kg body weight).

Isolation of bergenin

The methanolic extract of C. semidecan-
drus 10.01 g was introduced onto a silica gel
(Merck, Germany; 310, 230-400 mesh ASTM)
column. The column was eluted with 10% metha-
nol/chloroform (Merck, Germany) 1,000 ml, 20%
methanol/chloroform 5,800 ml, 30% methanol/
chloroform 1,800 ml, 50% methanol/chloroform
500 m} and methanol 2,800 ml. Fractions of
75 ml were collected. Fractions 15-77 were
combined (1,942 mg) and then was introduced
onto a silica gel column using 10% methanol/
ethyl acetate as eluting solvent. Fractions of 50 ml
were collected. Compound 1 (342.3 mg) was
crystallized out by methanol from the fractions
3-9. The compound 1 was then identified as
bergenin by comparison of its physical and spec-

tral data with those reported in the literature
(Alyar, et al., 1964; Saijo, et al., 1990).

Animals

All animals used in this study were ob-
tained from the Laboratory Animal Center,
Mahidol University, Salaya, Nakhon Pathom.
Thailand. Male Swiss mice of weight ranging
from 28-38 g were used for all experiments
except for yeast-induced fever test, in which male
Wistar rats of weight ranging from 160-200 g
were used. The rats were handled for 5- [0 min daily
for several days before experiments. The animals
were housed for at least one week in the labora-
tory animal room prior to testing. Food and water
were given ad libitum unless otherwise specified.

Acute toxicity

The 50% lethal dose of the C. semidecan-
drus extract was estimated by the up-and-down
method in mice (Bruce, 1985). Doses were ad-
Justed by a constant multiplicative factor; viz. 1.5,
for this experiment. The dose for each successive
animal was adjusted up or down depending on
the previous outcome.

Antinociceptive activity
1. Writhing test

Writhing behaviour was tested, in which
0.6% acetic acid solution (10 ml/kg body weight)
was injected intraperitoneally and the number
of writhings and stretchings was counted over a
20-min period as previously reported (Koster
et al., 1959; Hendershot & Forsaith, 1959). The
plant extract (100, 200 and 400 mg/kg), bergenin
(5, 10, 20 mg/kg), a reference analgesic drug
aspirin (200 mg/kg) or control vehicle (0.5% CMO)
was orally administered 30 min before acetic acid.

2. Hot plate test
The hot plate test was carried out ac-
cording to the method described by Woolfe &
MacDonald (1944). Mice were placed on a hot
plate maintained at 55 °C + 1 °C. Latencty of
nociceptive response such as licking, flicking
of a hind limb or jumping was measured. Thirty
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minutes after p.o. administration of the test agents
except morphine (15 min after administration),
the nociceptive response was measured every
I5 min over a 60 min period. Morphine sulfate
was injected subcutaneously. The cut-off time
was 45 sec. Only the mice that showed nociceptive
responses within 15 sec were used for the experi-
ments.

3. Formalin test

Thirty minutes after administration of
the C. semidecandrus extract (100, 200 and 400
mg/kg, p.o.}, bergenin (5, 10, 20 mg/kg), aspirin
(200 mg/kg, p.o.) or 0.5% CMC, 20 pul of 2.5%
formalin in saline was injected subcutaneously
to a hindpaw of the mice. The time spent licking
the injected paw was recorded and the data were
expressed as total licking time in the early phase
(0-5 min) and the late phase (15-30 min) after
formalin injection (Hunskaar et al., 1985).

Antipyretic activity

Antipyretic actvity of drug was measured
by slightly modifying the method described by
Adams et al. (1968). Male Wistar rats were fasted
overnight with water ad lib before the experi-
ments. Pyrexia was induced by subcutaneously
injecting 20% (w/v) brewer's yeast suspension
(10 ml/kg) into the animals' dorsum region.
Seventeen hours after the injection, the rectal
temperature of each rat was measured using a
digital thermometer (SK-1250MC, Sato Keiryoki
Mfg. Co., Ltd., Japan). Only rats that showed
an increase in temperature of at least 1°C were
used for the experiments. Test agent or vehicle
was administered orally and the temperature
was measured at 1, 2, 3, 4 and S hr after drug
administration.

Chemicals

The following drugs were used: morphine
sulfate, brewer's yeast (AR grade, Sigma Chem.
Co., St. Louis, U.S.A), aspirin (AR grade,
Srichand United Dispensary Co., Ltd., Bangkok,
Thailand), sodium chloride (AR grade, Carlo
Erba, Germanny), acetic acid (AR grade, J.T,

Baker Inc., Phillipsburg, U.S.A ), silica gel (Si0,
230-400 mesh, ASTM, Merck KGsA, Germany)_,
n-hexane, chloroform, methanol and ethyl acetate
(AR grade, Merck KGsA, Germany). C. semi-
decandrus extract, bergenin and aspirin were
suspended in 0.5% CMC solution, and adminis-
tered orally in a constant volume (10 ml/kg for
mice and 5 ml/kg for rats) 30 min before the
experiments. Morphine sulfate was dissolved in
0.9% sodium chloride solution and administered
subcutaneously. All drug solutions were prepared
immediately before starting the experiments.

Statistical analysis

Data are expressed as means + SEM and
analyzed statistically using Student's t-test and
paired t-test. A difference was considered statis-
tically significant at p < 0.05.

Results

Acute toxicity

In the acute toxicity test, signs of toxicity
included lethargy, jerk, tachypnea and death.
The LD50 value of intraperitoneally injected
C. semidecandrus extract in mice was 0.63 g/kg.

Effects of C. semidecandrus on nociceptive
responses

Writhing test

Oral administration of the C. semidecan-
drus (100-400 mg/kg) dose dependently attenuated
the number of writhings and stretchings induced
by intraperitoneal 0.6% acetic acid (Figure 1).
Bergenin (5-20 mg/kg) also exhibited similar
effect on inhibition of writhing. The reference
drug aspirin (200 mg/kg) also produced si gnificant
protective effects towards the acetic acid-induced
pain.

Hot plate test

The mean latency of nociceptive responses
to thermal stimuli is summarized in Table 1.
Neither the C. semidecandrus extract (100, 200 and
400 mg/kg, p.o.) nor bergenin (5, 10, 20 mg/kg,
p-o.) significantly exerted protective effects on
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Figure 1 Effect of C. semidecandrus extract,
aspirin (A} and bergenin (B) on acetic
acid-induced writhing in mice.

Each column represents the mean x
S.EM. (n=10)
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pared to the control group

(Student's t-test)

heat-induced pain in mice. Aspirin (200 mg/kg,
p-0.) also had no effect in this test. By contrast, a
centrally acting analgesic drug, morphine sulfate
(10 mg/kg, s.c.) markedly increased pain latency.

Formalin test

Neither the C. semidecandrus extract nor
bergenin decreased the licking activity on either
phase of formalin-induced pain (Table 2). In
contrast, the reference antinociceptive drug
aspirin (200 mg/kg) and morphine sulfate (10
mg/kg) significantly reduced the licking activity

against both phases of formalin-induced noci-
ception,

Effect of C. semidecandrus on yeast-induced
fever in rats

The C. semidecandrus extract significantly
reversed yeast-induced fever, while bergenin had
no significant effect on pyrexia induced by yeast
(Table 3). The reference drug aspirin also sup-
pressed hyperthermia induced by yeast.

Discussion

_ The results demonstrate that the methanol
extract obtained from the stem of C. semide-
candrus attenuated nociceptive responses to
chemical stimuli in the acetic acid-induced
writhing but not in the formalin test in mice and
gave a reduction in yeast-induced hyperthermia .
in rats. Bergenin, the constituent of the extract, also
produced similar effect in writhing test but no
effect on fever induced by yeast.

C. semidecandrus extract exerted protective
action in the writhing test relatively similar to the
reference peripheral analgesic compound, aspirin.
Bergenin, the isocoumarin compound contained in
the extract aiso showed the inhibitory effect but
was less pronounced than those of the extract.
Taking into account the yield of bergemin, 5 mg/
kg bergenin which corresponds to approximately
147 mg/kg of the C. semidecandrus extract pro-
duced no significant effect in the analgesic test.
According to these results, other active com-
pounds in the extract should aiso be involved in
these effects. This test is generally used for
screening of antinociceptive effect (Koster er al.,
1959, Hendershot & Forsaith, 1959). Thus the
extract and its components may possess anal-
gesic action.

Thermic painful stimuli are known to be
selective to centrally, but not peripherally, acting
analgesic drugs (Chau, 1989). In the present
study, morphine, a centrally acting analgesic drug,
produced an inhibitory effect on the nociceptive
response in this test, while the C. semidecandrus
extract failed to affect the response. These findings.
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Table 1. Effect of C. semidecandrus extract, bergenin, aspirin and morphine on nociceptive response

induced by heat in mice.

Dose Latency of nociceptive responsc (sec)
Drug
(mg/kg, p.o.) 15 30 45 60 min

0.5% CMC - 99106 9.5+0.38 97=+1.1 99+10
C. semidecandrus 100 99+09 82407 89+04 104 +1.2
200 11.2+0.7 10.6 209 10.0£09 11.0x£0.7
400 9.8+ 1.0 11.3+1.2 9309 92+08
Aspirin 200 10,7 £ 0.8 10.9+09 13.1 £0.8 105209
Morphine sulfate 10 21.6 £ 0.9** 28.3 x 2.3%* 150+ 1.9* 122 % 1.1
0.5% CMC - 123415 87+038 9.8+0.6 10112
Bergenin 5 10.5+1.0 12.1 £0.7 114+ 1.4 115216
0 8506 9.0x05 11.8+£09 11.4+£0.7
20 126 £ 1.0 10,8 £0.7 142 £ 1.7 148+14

Beginning thirty min after oral administration of test agents (or 15 min after morphine injection, s.c}, the nociceptive
response was measured every 15 min over a 60-min period. Each datum represents the mean latency of nociceptive
responses (sec) £ S.E.M. (n = 18) * p<0.05, ** p<0.01 compared with the control group (Student’s t-test).

Table 2. Effect of C. semidecandrus extract, bergenin, aspirin and morphine on hindpaw licking in

the formalin test in mice.

B Dose Early Phase Late Phase
(mg/kg, p.o.} (sec) (sec)
0.5% CMC - 86.5+98 178.2+28.3
C. semidecandrus 100 747+ 8.5 1434 + 34.6
200 9504122 181.8+39.0
400 78.1+7.3 152.1 +31.7
Aspirin 200 61.9 + 6.9%* 87.8 + 30.2*

Morphine 10 2.8 4 1 ]¥** 0.0 + 0.0***
0.5% CMC - 86.2+70 148.3+21.2
Bergenin 5 84.9+6.5 208.0+ 273
10 59.5+74 117.4 +22.5
20 735493 938+ 108

Thirty min after test drug administration (p.0.), 2.5% formalin was sub-cutaneously injected to a hindpaw in a volume of
20 pl. Each datum represents the mean licking time 1+ S.E.M. from 10 mice in the early phase (0-5 min) and the late phase
(15-30 min) after formalin injection. *p<0.05, **p<0.01, ***p<0.001 compared with the control group (Student's t-test).

therefore, suggest that the apparent antinocicep-
tive action of the C. semidecandrus extract may
be mediated through peripheral but not central
mechanism(s). Bergenin also produced a similar
activity profile to the extract.

Since the acetic acid-induced writhing is
a sensitive model for nociceptive responses but

has poor spectficity (Hendershot & Forsaith,
1959; Brittain et al., 1963}, another pain model,
the formalin test, which assesses the way an
animal responds to moderate, continuous pain
generated by injured tissue (Tjolsen, 1992), was
used. Unfortunately, the C. semidecandrus extract
and bergenin had no significant effect on forma-
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Table 3. Effect of C. semidecandrus extract, bergenin and aspirin on brewer's veast-induced feverin

rats.
Dose Average rectal temperature (°C)
DPrug
(mg/kg, p.o.) 0 1hr 2hr 3hr 4hr Shr
0.5% CMC - 36.8+02 36.740.3 36.3+0.3 364+02 364 + 04 36.6 + 0.3
C. semidecandrus 100 37.1+02 367+ 0.2 366+ 0.5 369+0.2 36.3 + 0.4 36.0+0.2*
200 37.3+04 36.8+0.2 30.2+04* 358+ 0.3~ 363 +0.3 35.7+0.2%
400 36.8+ 0.3 362+ 0.2%  356+04 36.1+0.3 358 +0.4* 35.7+0.2*
Aspinn 200 36.8+0.2 I57+0.3% 354 +0.3%% 355+ 04% 354404 35.0+0.2%*
Bergenin 10 34+03 36.3+0.7 36.7+0.5 36.6+0.5 36.2+05 365+04
20 36.3 + 0.1 36.8+0.3 359+04 355+403 355+03 363+ 03

Twenty percent of yeast suspension was subcutaneously injected into the dorsum region of rats. Seventeen hours after
injection, rectal temperature was measured (time 0) and then drugs were orally administered. The temperature was
again measured at 1,2, 3, 4 and 5 hr after drug administration. Each datum represents the mean rectal temperature ("C)
£S.EM. (n = 6) *p<0.05, **p<0.01 compared with the before test agent administration. (paired t-test).

lin-induced pain in mice. Thus, these results
suggest that other actions of the extract may be
involved in the reduction of the writhing behavior
induced by acetic acid.

The C. semidecandrus extract suppressed
fever but the effect was less pronounced than
that of the reference drug, aspirin. In contrast,
bergenin had no antipyretic activity on yeast-
induced hyperthermia in rats. Some different
compounds contained in the extract may be res-
ponsible for the antipyretic activity.

It seems that a sedative effect of C. semi-
decandrus extract could apparently account for
the antinociceptive responses in the tests used
in this study. However, this is unlikely, as both
the extract and bergenin failed to modify pento-
barbital-induced sleep (data not shown).

In conclusion, these results suggest that
the C. semidecandrus extract possesses antipy-
retic effect, which supports the indication for
use of C. semidecandrus to relieve fever but not
pain in folk medicine. However, further investi-
gations are needed to obtain more information
on this plant.
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ABSTRACT

Three anthraquinones were isolated from the roots of Prismalomeris
malayana. They were lucidin-w-methyl ether, rubiadin and rubiain-1-methyl ether.
Two compounds, homorapanone and bergenin were also isolated from the stems of
Connarus semidecandrus. Antioxidative activity on DPPH radical scavenging, lethal
effect on brine shrimp and inhibitory effect on T-cell proliferation of the n-hexane and
methanolic extracts and the isolated compounds of the plants were conducted. Among
the isolated compounds, homorapanone showed the highest inhibiiory effect on T-cell
proliferation.

Keyword: Connarus semidecandrus, Prismatomeris malayana, antioxidative activity,
brine shrimp, cytotoxic, immunomodulation, lymphocyte.
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INTRODUCTION

Prismatomeris malayana Ridl. is a shrub in the family Rutaceae. It is widely
found in southern Thailand. The roots of P. malayana with those of coconut palm and
Lowsonia inermis, in decoction are used to treat bronchitis (Perry, 1980). Connarus
semidecandrus Jack is a widely climber, scandent or sarmentose shrub in the family of
Connaraceae (Maxwell, 1986). This plant can also be found in Sumatra and Mergui
(Ridley, 1922). It is known in local name as “Tob Tab” (Maxwell, 1986). The root
decoction of . semidecandrus has been used in folk medicine for treatment of fever
(Ridley, 1922). Its stem decoction has been used for various therapeutic treatment of
fatique, pain, fever and constipation by traditional doctors in southern Thailand. In
addition, the stem decoction of C. semidecandrus and the root decoction of P.
malayana have also been used for the therapeutic treatment of exanthematous fever
and atopic dermatitis by traditional doctors in southern Thailand, Songkhla province.



Biological activity assay, such as antioxidative activity on DPPH scavenging assay,
toxicity on brine shrimp lethality test and inhibition on T-cell proliferation of the
plants and chemical investigation of C. semidecandrus have never been reported.

MATERIALS AND METHODS

Plant collections

The roots of Prismatomeris malavana Ridl. (Rutaceae) and the stems of
Connarus semidecandrus Jack (Connaraceae) were collected in Songkhla Province,
Thailand. The first and the second of plant materials were collected in March and
January, 1998, respectively. The plants were identified by direct comparison with
herbarium specimens in the PSU Herbarium, Department of Biology, Faculty of
Sciences, Prince of Songkla University. Voucher specimens of plant materials have
been deposited in the Faculty of Pharmaceutical Sciences, Prince of Songkla
University, Hat Yai, Songkhla, Thailand.

Preparation of plant extracts

The dried coarsely powdered roots of P. malayana (1000 g) were macerated
with 5.0 L of n-hexane for five days and then filtered and evaporated to give a syrupy
mass. The marc was remacerated with n-hexane (5.0 L) four times, filtered and
evaporated. All syrupy masses were combined to give n-hexane extract 1.8 g. The
marc was dried in open air and then was extracted with methanol using the same
procedure as described above to give methanolic extract 55.8 g. The dried powdered
stems of C. semidecandrus (1000 g) were extracted by the same precedure of that of
P. malayana to give n-hexane extract 10.4 g and methanolic extract 119.9 g.

Isolation of pure compounds

The portion of crude methanolic extract of P. malayana 10.0 g was separated
using silica gel (Merck, Germany; SiO, 230-400 mesh ASTM) column
chromatography. The column was eluted with chloroform, proportions between
chloroform and methanol by increasing the percentage of methanol and finally with
methanol (Merck, Germany). Fractions of 75 ml were collected. Fraction 10 (2%
methanol/chloroform eluted fraction) 350.1 mg was further separated by Si0, column
chromatography using 10% n-hexane/chloroform 1000 ml, 5% methanol/chloroform
600 ml as eluting solvents. Compound 1 (81.2 mg) and compound 2 (48.0 mg) were
crystallized out by methanol from the 10% n-hexane/chloroform and 5%
methanol/chloroform fractions, respectively. Fraction 11 (5% methanol/chloroform
eluted fraction) was further purified by SiQ, column chromatography using n-
hexane/chloroform/methanol (35:60:5) as eluting solvent. Compound 3 (46.1 mg)
was crystallized out by methanol from the eluted fraction. Compound 1, 2 and 3 were
then identified as lucidin-w-methyl ether, rubiadin and rubiadin-1-methyl ether,
respectively, by comparison of their physical and spectral data with those reported in
the literatures (Ttokawa et al., 1983; Chang and Lee, 1984; Banthorpe and White,
1995; Dej-adisai, 1997).

The portion of crude n-hexane extract of C. semidecandrus 1.0 g was
introduced to reversed phase silica gel (Chemie Uetikon; RSiL C18 HL 230-400
mesh) column chromatography using methanol as eluting solvent. Compound 4



(330.0 mg) was crystallized out by a mixture of n-hexane and chloroform from the
eluted fraction. The portion of crude methanolic extract of . semidecandrus 10.0 g
was roughly separated using Si0, column chromatography. The column was eluted
with 10% methanol/chloroform 1000 ml, 20% methanol/chloroform 6000 ml and 30%
methanol/chioroform 2000 ml. Fractions of 75 ml were collected. Fractions 14-72
were combined (1820 mg) and then was introduced onto a silica gel column using
10% methanol/ethyl acetate as eluting solvent. Fractions of 50 ml were collected.
Compound 5 (321.2 mg)} was crystallized out by methanol from the fractions 4-42.
The compound 4 and 5 were then identified as homorapanone and bergenin,
respectively, by comparison of their physical and spectral data with those reported in
the literature (Lund et al., 1997; Taneyama et al., 1983; Saijo ef al., 1990).

DPPH radical scavenging assay

Samples for testing were prepared by dissolving in absolute ethanol (Merck,
Germany). The concentrations of the tested samples were 400, 200, 100 and 50 pg /
mi. Each concentration was tested in triplicate.

The DPPH (1,1-diphenyl-2-picrylhydrazyl) method is one of the methods used
for testing of antioxidative activity (Yamasaki et al., 1994). The scavenging activity
of samples corresponds to the intensity of quenching DPPH as described by Hatano et
al. (1989). A portion of sample solution was mixed with the same volume (500 ml) of
6 X 10° M DPPH (Fluka Chemika, Switzerland) in absolute ethanel in a vial and
allowed to stand at room temperature for 30 minutes. The absorbance (A) was then
measured at 520 nm. BHT (butylated hydroxy toluene), which is one of the well
known antioxidants, was used for a positive control. The result was expressed as
percentage inhibition, %inhibition = [(Agsntrot = Asample)/ Acontral] X100. ECgy (effective
concentration of sample at 50% inhibition) was obtained by linear regression analysis
of dose-response curve which was plotted between %inhibition and concentration

(ng/ml).

Brine shrimp lethality test (Meyer ef al., 1982; Solis et al., 1993)

Brine shrimp eggs (4drtemia salina) (INVE Group, Belgium) were hatched in a
shallow rectangular dish (12 X 20 cm) filled with artificial sea water, which was
prepared with a commercial salt mixture 40 g/l and distilled water, supplemented with
6 mg/l dried yeast. A plastic divider with several 2 mm holes was clamped in the dish
to make two unequal compartments. The eggs (ca. 300 mg) were sprinkled into the
larger compartment which was darkened, while the smaller compartment was
illuminated. After 48 hours the phototropic nauplii were collected by pipette from the
light side, having been separated by the divider from their shells.

Samples for testing were prepared by dissolving in artificial sea water. The
concentrations of the tested samples were 2,000, 200 and 20 mg/ml. '

A 100 pl aliquot of each concentration was transferred into the wells of 96-
well microplate (Sero-Wel, U.K.) in triplicate. Control wells were set up using 100 pl
of artificial sea water. A suspension of nauplii containing 10-15 organisms (100 ul)
was added into each well and the covered plate incubated at room temperature (26-30
°C) for 24 hours. The plate was then examined under binocular microscope ( X10)
and the number of dead (non-mobile) nauplii in each well counted. A 100 ul aliquot
of 10% formalin solution was then added to each well and after 15 minuted the total
number of shrimps in each well was counted. The percentage deaths at each dose and



in control were determined. In cases where control deaths occurred, the data were
corrected using Abbott’s formula (Abbott, 1925); % deaths = [(test - control)/control}
X100. LCs, (lethal concentration at 50% effectiveness) values were then determined
from the 24 hours count using the probit analysis method described by Finney
(Finney, 1971).

Inhibitory effect on T-cell proliferation (Cho er al., 1998)

Lymphocytes proliferation was measured by [*H]thymidine incorporation of
heparinized peripheral blood lymphocytes, taken from healthy people. Cells were
separated by centrifugation and cultures were established using 1 X 10% cells/ml in
RPMI (GibcoBRL, USA) medium containing 2 g/L. sodium bicarbonate.

Lymphocytes were cultured in the wells of a microtitre culture plate (100 pl of
cells/well) with 50 pl of phytohaemagglutinin : PHA (Sigma, USA) and 50 pl of each
samples at different concentrations (10, 100, 200, 400, 800, 1000 pg/ml). Controls
without added sample were used for each culture. The plate was then incubated at 37
°C in a 50% CO, incubator for 72 hr. [3H]Thymidine, 50 ul (conc. SuCi/ml), was
then added to each well and the plate incubated for a further 18 hr. Cells were
harvested onto scintillant coated glass fibre filters (Merck, Germany) that were
washed and dried at room temperature for 24 hr. The glass fiber discs were then
placed into 2-ml vials and radioactive [PHjthymidine incorporation was measured in a
B-counter (Beckman LS 6000 TA, USA). The result was expressed as percentage
inhibition, %inhibition = [(€pMggpror = CPMggmple}CPMeonirot] X100.  ECs, (effective
concentration of sample at 50% inhibition) was obtained by linear regression analysis
of dose-response curve which was plotted between %inhibition and concentration

(ng/mi).

RESULT AND DISCUSSION

Three anthraquinones were isolated from . malayana, lucidin-o-methyl ether,
rubiadin and rubiadin-l-methyl ether. The percentage yields of the isolated
anthraquinones when compared with crude methanolic extract were 0.81%, 0.48% and
0.46%, respectively. Rubiadin and rubiadin-1-methyl ether had been reported to be
isolated from the root of P. malayana (Lee, 1969). But, here lucidin-o-methyl ether
was the first report of the compound from the roots of this plant. Two compounds
were isolated from the stems of C. semidecandrus, homorapanone (from n-hexane
extract) and bergenin (from methanolic extract). The percentage yields of them when
compared with crude extract were 33.00% and 3.21%, respectively. Here is the first
report of the phytochemical study of this plant.

All isolated compounds showed non-antioxidative activity on DPPH
scavenging assay (ECs, >200 pg/mi), excepted homorapanone which showed weak
activity corresponded to that of n-hexane extract of C. semidecandrus. Methanolic
extract of C. semidecandrus was strong antioxidant. But, its isolated substance,
bergenin showed no activity on antioxidation. The strong antioxidative activity of the
methanolic extract was probably displayed by other un-isolated substance(s). Among
the isolated compounds, lucidin-w-methyl ether showed the most toxic effect to brine
shrimp. Its LCy, was 23.7 pg/ml, while rubiadin-1-methyl ether possessed lowest
toxic effect (LCsy = 505.4 pg/ml). The LCs, on brine shrimp lethality test of the other



compounds was shown on Table 1. It has been reported (Meyver ef af., 1982) that
crude extract which exhibit cytotoxic activity on brine shrimp lethality test at LCs,
less than 30 pg/ml are considered to posses anticancer, insecticidal activities or other
cytotoxic effects. The crude extracts having LC;; more than 1000 pg/ml are
considered to be markedly non-active for these activities. Therefore, lucidin-m-
methyl ether, homorapanone and rubiadin having good cytotoxic effect on brine
shrimp are very interesting for further investigation of their anticancer and insecticidal
activities or other cytotoxic effects.

All isolated anthraquinones from the root of P. malayana showed inhibitory
activity on T-cell proliferation. The inhibition effect on T-cell proliferation of these
anthraquinones was comparable to cytotoxic effect on brine shrimp. Lucidin-o-
methyl ether showed the highest activity on both inhibition on T-cell proliferation and
cytotoxic etfect on brine shrimp, while those of rubiadin-1-methyl ether showed
lowest activity. These anthraquinones had shown non-significant inhibition effect on
the proliferation of non-mitogenic stimulating T-cell (data not shown).

The n-hexane extract of C. semidecandrus showed high inhibitory effect on T-
cell proliferation (ECs = 35.4 pg/ml), corresponded to that of its isolated compounds,
homorapanone. And, among the isolated compounds, homorapanone also exhibited
highest inhibitory effect on T-cell proliferation (ECs, = 20.2 ug/ml).

When the culture media without a mitogen (PLHA), all crude extracts and
isolated compounds showed non-significant inhibitory or promoting effects on the
proliferation of T-cell, excepted the methanolic extract of C. semidecandrus. The
extract stimulated the proliferation of T-cell both in with and without PHA. In the
other hand, its isolated compound, bergenin exhibited low inhibitory effect on T-cell
proliferation. Other substance(s) of the extract probably play a stimulating effect.
The inhibitory effect on the mitogenic stimulating T-cell proliferation of both crude
extracts and 1solated compounds of these two medicinal plants may be of
pharmacological important for use as an immuno-suppressant or other potential drug
in chinical conditions related with autoimmune disease such as rheumatoid arthritis
because lymphocytes in chronic inflammatory disease are already activated and under
progress of proliferation. And, the inhibitory effect on T-cell proliferation of the
medicinal plants are corresponded to the use for the treatment of exanthematous fever
and atopic dermatitis by traditional doctors in southern Thailand.
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Table 1. Effects of extracts from P. malayana and C. semidecandrus and their pure
compounds on DPPH scavenging, brine shrimp lethality and T-cell proliferation
assays.

DPPH Brine shrimp Inhibition on T-
Extrac / pure compound  scavenging assay lethality test cell proliferation
ECso(pg/mi) LCso(1g/mly EC;o(ng/ml)

P. malayana

n-hexane extract >200 427.5 161.3

methanolic extract >200 409.0 193.0
C. semidecandrus

n-hexane extract 123.0 >1000 354

methanolic extract 5.3 >1000 stimulated
lucidin-w-methyl ether >200 23.7 76.8
rubiadin >200 84.2 101.6
rubiadin-1-methyl ether =200 505.4 170.2
homorapanone 113.9 543 202
bergenin >200 258.8 819.7

H
H CH;);4CH;3

R, = H, Ry= CH,OCH,; lucidin-o-methy] ether homerapanone

R, =H, R;= CH, ; rubiadin
R, = R2= CH,; rubiadin-1-methyl ether

Figure 1




