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UNAatanIBIDINOY

The objective of this research is to study the basic information of Centella
asiatica (CA) needed for specification setting of herb and/or its extract which contains
major active tritérpene glycosides, Madecassoside (MS) and Asiaticoside (AS). The
research contains two main parts, characterization study of Centella asiatica herb as
raw material, and the basic information effecting the specification of the herbal extract.

The Standard of ASIAN Herbal Medicines was used as the guideline procedures
in this study for examining the fresh and dried herbs. Items tested composed of (1) The
microscopic and macroscopic ldentification of fresh and dried herb, (2) The chemical
identification tests which including the Saponin test, the Liebermann-Burchard test and
the Tannin test, (3) TLC test, (4) The physical characterization test which including
foreign matter, loss on drying, total ash, acid insoluble content, moisture content, water
soluble content, ethanol soluble content, lead content and iron content determinations.
The herbal samples were monthly collected from two commercially planting gardens in
Nakornpathom province for one year (durihg November 2002 — October 2003) and the
samples pass all criteria of items tested.

_ The HPLC and TLC methods for the quantitative determination of four major
triterpenes of CA containing in herb or extract were developed as the dua!ity control’
assay. The HPLC developed comprise of C18 column, a mixture of acetonitrile :
phosphate buffer, pH 7.1 as the mobile bhase (29 : 71) with 1 mi/min flow rate,
detection with the UV absorbance at wavelength 210 nm. and using prednisolone as
internal standard.

The TLC developed method comprise the Silica gel plate, a mixture of
chloroform : methanol : water (30 : 15 : 2) as the mobile phase, the analyte’s spots
were sprayed with the Anthrone solution and the color formed were detected with a

densitometer.

Method validation of both developed HPLC and TLC assay according to ICH
guideline were performed and the method pass all criteria required.

Sample cleaning procedure was also developed base on the Solid Phase
extraction technique. SPE with a C18 cartridge worked well for the CA sample cleanup
prior to the HPLC injection in order to minimize the

interference  during
chromatographing.
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Additional twelve herbal samples collected from various provinces in Thailand
including Nakornpathom, Prachinburi, Nakornsritammarach, Ubonrashathani, Trad,
Rayong, Chonburi, Nakornrashsima, Sukothai, Chaingmai and Pisanuloke were
subjected to the active constituent analysis using the developed assay methods. The
total triterpene glycoside content was found between 3.46% - 8.93% with the average of
6.80% + 1.66%. Herbal samples which contain the total triterpene glycoside more than
7% were found in those samples from Prachinburi, Trad, Rayong, Chonburi and
Chaingmai.

Sample of two additional commercially planting gardens were also annually
collected and were subjected to the analysis of its active constituents. The content
profile were similar to those of sample obtained from Nakornpathom of which show the
high glycoside content during March — September period while the low content found in
Feerary.

Generally, the MS content is higher than the AS content in all sample examined,
the MS : AS ratio were found between 1.30 — 2.15 with the average of 1.65 + 0.30. In
addition, the glycoside content in the leaf was found 10 times more than those in the
petriole, young leafs with the age of more than 20 days contain high enough active
constituents for performing the extraction.  Finally, reduction of sunlight intensity
exposure toward the herb during plantation also reduced the triterpene contents.

The glycoside extract from the_1sl research project was subjected to the analysis
of- active consﬁtuents, MS and AS, and the content was found to be. more than 80%.
Within the accelerated stability testing, the extract exhibited more than 2 year shelf life.

The basic information obtained in this research will be beneficial for the

specification setting of this herb and /or its extract by any authority or production

agency.
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1. Yaauazadnsal -
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1.1, ayulwsthunaa Centella asiatica (L) Urban tiuanls luwasaiwn 6 ny 5
fuanusIdnuas sunafias dandiauasilgy 2 us fa liwssas F90u warlswsaus (i
NIILWNENA) IﬂﬂLﬁuﬁmnﬁﬂmﬁﬁ 2 mammﬁau‘lmaﬁ 1 9 fuipadietneszaing
WWau Wnalnuu 2545 — Qa1nu 2546 unLIWAaRINIDY lasanudmaslaildias oy
) lésmuasiauesdaagng ayansefi 1.1

AMTIN 1.1 NIt nuaIETaImasItiiuIINIMmIaualgy

Wanfitiu Tswsas (A) Tswreaas (B)
NN 1A 1B
NUAWUE 2A 2B
Iwen . 3A 3B
WO HNNAY aA 4B
Towiou 5A | 5B
NINGHIn B6A 6B
Famau ' 7A 7'B’
U8 8A 8B
QAN 9A 9B
WOAINHU 10A 10B
TUNAY 1A 11B

1.2. NIZABNTDIY (BUA Ashless)

1.3. na”aoqamsmfﬁmmmmUmw'lﬁ
1.4. ndaarinogduazfdy

1.5. Slide waznszanila (cover glass )

~ 1.6. Stage micrometer



2. @151l

2.4. 19310337 (HTUANNaWATNERNNBIRMINFTNTIN)
- Asiaticoside (90.0%)

- Asiatic acid (95.0%)

- Madecassoside (95.0%)

- Madecassic acid (95.0%)

2.2. L@l
Acetic anhydride AR grade 131 LAB Guard
Chloroform Lot 4440 KJJG AR grade U3 LAB Guard

Hydrochloric acid AR grade 135N LAB Guard

Nitric acid AR grade 131" LAB SCAN

Sulfuric acid AR grade 11315 LAB SCAN

Ethanol AR grade 1131 LAB SCAN

Ferric chloride AR grade 13197 LAB SCAN

Methanol AR grade U3 LAB SCAN -

Purified water

Sulfuric acid 96% Batch 03 04 1066 AR grade 131" LAB SCAN
TLC Plastic Sheet Silica Gel 60 F254 1319 Merk

Toluene ( pro analysis grade ) 131N Merk

3. 1@3a9uM0

Crucible Wiay ¢

naganaaad

NIELNIDI

finina’

Volumemetric Flask

Desicator

Water bath

Apparatus for Determination of Water by the Azeotropic Distillation Method
TLC Tank

Appendrop tube



4. 1030980

L3049 HPLC (Shimadzu)
Pump : System module LC-10ADvp
Autosampler : SIL-10ADVP
Degasser : DGU-14A
Detector : Diode-array detector SPD-M10Avp
Controller : System controller SCL-10Avp

, Software : Class VP

LS89 Densitometer : Shimadzu CS9301PC .

Lfﬁ:ad pH meter : Metrohm

Lﬂ‘%ﬂd Ultrasonic Bath : Bandelin Sonorex digital 10P

L0979 Oertling NA 264

Lﬂéa\‘l’ﬁ'\‘] Sartorius Basic 0110-36

@aua7 Binder ED 53#02-42366

ojl.mms Muffle Furnace: Gallenhamp size 2 IVE 05-06-134/32-3

LA3DY Atomic Absorption Spectrometer : Varian Spectra-300

321081735798 (Method)
1 m‘iﬁnmqmﬁnﬁmzua:mmgwmjaaﬁﬁﬂqulwsﬁaun
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TUNALA LN BMTA M azanaaeiiinat wal39uin luRea
Tuwafluan 3 Tu ‘méTaﬁlnnlfuilﬂﬂaulugTauﬁqmwQﬁ 50 89FLTALT YR
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1.3. MIATIFXOUIONANBUNILNTBLIN (Pharmacognostic Characteristics)
1.3.1 35798 NNTBAA
1311, BendinvesRTaafivunzauiaziinissasnaay
ansa
1.3.1.2. dasusuvasiaaalwdanumunlszanos 10-20
lulasiwas laglsludalnuidon
13.1.3. tfudIuiunIun Slide fazonaudmoasiiifoud tla
@18 cover slide
1.3.1.4. ¥ Slide luadaueng guasiruaziufinmm
1.3.2. 3559891 NRINBURS

1.3.2.1. IRONFIUVDIHIURINRUNZRUNIZHNTFDINR DY
ANyt

v ]
A

1.3.2.2. IHILRINILY Slide NazanauanaatinnTallaa s

cover slide

1.3.2.3. 1h Slide lugauedn guasfsuaziuinnw
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1.3.3. NITANBINIURNIIAU T,@\U@lmnﬁnwmzmUuanmaoﬁ'mnu,a:m
wAILAzUNNAN GT\*JLLamlugﬂﬁ 1.2 uaz 1.3
& ar ar
1.34. n13@nsanisganssan T,@Ugmnanum:mmlumaomunua:m
[ ar 2 ar ‘J ’
whnaziiufinaw dausaaluzuin 1.4 - 1.11

1.4. MSATIVADULDNANBONIILAG (Chemical Characteristics)

1.4.1. M3A59d2UILIaIAWA2Y Chemical Test (Preliminary Test)

1.4.1.1. Saponin Test

TN 0.5 nFwdmiingn 10 Hadaes lwsrawdanasd
sl 'Yﬂﬂ’nquaaﬂaaﬁtﬁﬂ%u (ﬁmm‘ﬁuamm) WRZIVLIRINT
avagiraanay (W) aauaaluasm 1.2
1.4.1.2. Liebermann-Burchard Test

FINIEN 0.5 NFULAY Acetic anhydride 2 §a38a3 duun
Water bath uwm 2  wifi nsasudahersazansla L@y Sulfuric
Acid dutu 1 Dadfas efhesziandy Funassazasuniu
Waz® Brownish red asisansa douaasluasnafi 1.2
1.4.1.3. Tannin Test

G005 niuvedIpdiIsiinauio  Hiaddas nes i
syazawlann 2 Ha88a7 1Ay 1% Ferric chloride T.5.2-3  nua @

arnouidpafiiain dougadluansei 1.2

14.2. n’liﬂﬂaaamﬁ;aﬁ%ﬂ'uﬁ"m Thin-Layer Chromatography Test
(Confirmatory Test)
1.4.2.1. nstasgadrsanansenayulnsiioun
FINIENUNUTTIN L 1.0 N3N L&Y Methanol 10 fiaddas
ud1lY Reflux  UW Water  bath 411 20 wafi nyas udh
grazarslallsainoudy niwinganiiszmouia G
Methanol 2 UaREA Y
1.4.2.2. N13LAIBAATAZANBNIATI
’J?Gﬁ’liu'lﬂiﬁ’m Asiaticoside, Madecassoside, Asiatic acid
W8z Madecassic acid ¥1a819az 2.5 Jadnin ldaslu Appendrop

Tube L&y methanol 1 fiaddasasly tagranlassazansls
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1.4.2.3. "N Thin-Layer Chromatography Uoadua

PYUIALWAR 10 x 20 LTWALUAT

PUNAG18H 10 lulasdas

3UU mobile phase : Chloroform-Methanol-Water (15:7 : 1)

ITUEN s UTsune 10 LUALUAT

F1I9737IW : Acetic anhydride-sulfuric acid reagent

(Liebermann-Burchard Reagent )

ﬂmﬂmsa:mwaamsaﬁmmmm;u'lwsﬁmnua:msa: VAU
RIUULHU TLC Plastic Sheet Silica Gel 60 F254  éuniaz 10
ulasaas e Capillary tube ud 1l Tu TLCtank fivnl¥Budadas
8138818 mobile phase Chloroform-Methanol-Water (15 : 7 : 1) lapd
surmaglszanoe 10 Loudluas Sahanislduds sulssduamsazans
Liebermann-Burchard ﬁﬂﬂv‘iﬂﬁ%’auﬁqmﬁqﬁﬂs:mm 110 aamvuav‘ﬁua
Wuwnmwn 15 wiil unagdrsalanugais UV # 366 wluiuas
wdmien hR, waziiiadu Wisuifsuiuamnnasgu duwsainalumsiod
1.3 - 1.6 wazguf 1.12

1.5. N13@TNEBUAUANTANIINM LN W
154, nswilSanmAsilasan (Foreign Matter)

FIHaEn 100 N3 FNTLHNTEINUULARNITABFVIILIITIG 50 X
50 LoudLNaT (thin layer) as1agaudslasntudismoauddausnsanan
wragnfimdalsaiminud i luwnauimihninesdu suaniiuioua:
pasRelaoutu eougasnaluaed 1.7 LLa:LquQﬁﬁ 1.1
1.5.2. nsuninminfin gl ari it (Loss on drying)

L1 Porcelain Crucible Wiaurdi 450-500 aseruaaidua waa 1
Flus vlddulalu Desiccator Fyauleiminaefi (asnelaiiin 0.0005
n3u)

Farsnszanm 2-6 n3u 1dlu Crucible  Aitmnawiminasiiuds 4
iy vinldwiesnemseud 105 asriaados uwan 5 F2lus vl
\fulasld Desiccator 7ifl silica gel uws H98na%s ugniloud 105 asem
wandsadmiwaa 1 5l danvndnde wazdenawldinminasd

Amssalasiasounetn i 4 niy lunnélatie dad1az 2 Crucible

WRZLATOUN 3 NTUUAT 2 NSU AUEIAY tRawIT 9k BN Aansay lunns
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Sleziiufindnimminudniunss I Bensiwadedaly  duaainaly
a397 1.8 — 1.10 LLa:LLNunﬁ‘?‘i 12-14
1.5.3. USuawia1523 (Total Ash)

WRIsnfwndasnminiaminiinisliif einlfuws (Loss  on
drying) auldnznauduu Hot Plate lasudue Crucible

Y1 Crucible fiflaznausvasnsenliimndl 450-500 asenoaidusan
aznausmualiiflung 4 $alue

winaznaudlivua (laild free carbon) 1414 ethanol $1wau 15
findaasauasliuazlfuisumdlmawmiuanldnuaawndauddiin uan
Winliindaft 450-500 asrraldssaunuaaznauguiuardsilus auled
ihmiineed mitiduudisaiamin

vhdnimindldunvnaisimin Crucible 921¢ Total Ash §wam
iwiniduiudasazSinouding Tufind udnfvead i Sansiiada
daly douaninaluanadi 1.8 — 1.10 ua:unugﬁ‘ﬁ 12-14
1.5.4. USanaudilaiazaralunsa (Acid-Insoluble Ash)

W1 Total Ash #lé@usiao Diluted Hydrochloric acid $1%2W 25
1888a5 1ua1 5 w1fl n389 Insoluble matter dapNTzAN NIV 89
deisauamiunans Wit 450-500 pemaLda awldinninesd vinlw
Fnudrainnin dwoSuafimaailuiouazuas Acid Insoluble Ash 69
LRINAL AT 1.8 — 1.10 ua:uwugﬁﬁ 12-14

RANELNAG HIBNMIN 3 N3UYINNNTTE Diluted Nitric acid $1WI%
10 AadaaInawauay Dilute Hydrochloric acid 374% 25 I88aa? a1y
Aiarzvimtiinanistwiioudaslansnitn (Heavy Metal Contamination)
@83 Atomic Absorption ¢al1

1.55.  nrsdauSuroninlwrafisuis (Moisture . content) laa3s

Azeotropic distillation

faaaaIamMEMIUMI NIV INGEITNINawtuvazdlalng
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3‘1Jﬁ1.15 LRAILATAILAIFIMTUNTHIRA8TTATNaBLLYa T o
Insin

1§ Toluene 200 Hadaasuazin 2 Dadans lu flask Hunay naw 2
dalug vlidu sruBinaniiinauld (n) seudinly
sorsfisuafianainesiinysunm 2-3 Tadaas lalu flask funax
\@3 glass bead wiellasiuns bumping ( NNIINABDI WU LERHIBTILN
Uszanm 30 n§u 3z ldFinasindszanm 2 §addas ) duiwng Ussuam 15
W1 9u Toluene L3uldan muqu‘lﬁﬁmsn&uaanm‘[ﬂmU(ﬂﬂs:mm 2 Nee
A0IUT IUNTENI ANAEmNe LEIRNEATUTITN 1TU 4 nuadedunil
daluanszosnils 8§19 condensor 628 Toluene audaludn 5 wift vinlwidu
swinuas Toluene aumn%u‘[mﬁwzagi%uém dwuﬂ%mmﬁwﬁn&ﬂﬁ( n')
TNy druwnmSnanindusosasle pligas
100( n’-n )
P
de P = dhwinvssnsimwiaduniy
n = BnasiAdaldannsnauassusn i
Uanaas
v = Binesidaldannisnduaionss (Iu 2 esisui)
wioduladfas
Yinnnalating aratiwaz 1 a%1 (ila99nn Toluene laitfinawa) 1Tufin

i ﬁdLLﬁ@]\‘lNalu@]’li’]\‘lﬁ 1.11 LL&:LLN%QQ‘?} 1.5
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1.5.6. USsnmAsana (Extractive value)

1.5.6.1. Bamdsananazarsluin

FINIAT 5 N1 &NARIY chloroform water 100 Dadaas In flask tug
Wuszor quan 8 Falus waziolian 16 4alue nsaslanldnszawnsaavas
1 wioan 20 Paddas sunous vweiasdslat auft 105 aveTaFos
win 6 52109 iminfilaidwiminfeatadoin duaasnaluasansed
1.12 LLa':Llqu&Al‘ﬁ 1.6

1.5.6.2. WSamAsananazarsluuaanagad

Faafis 5 n¥u aR@EE Ethanol 100 118333 1w fask 1wy
2oz gwn 8 T2l uazasol38n 16 $alue nsaslasldnszasnseoues 1
W91 20 HadaAs sTrauws uueiasaslarih audl 105 sseTaidoa wn

6 B2lu9 irnnR la i ninFIanaals Leanases AILEAINA LULA1IN
1.12 uazununiii 1.7

1.57. Wismnisuitlonarslanzwin (Heavy Metal Contamination)
Tag33 Atomic Absorption

@3oua28819 lagld Diluted Nitric acid $1wa% 10 Jaddas veithau
AldrnmanitTinondisy (Total Ash) ﬁﬂﬂdﬁmsw:ﬁﬁguﬂ‘m‘%mﬁaﬁ%’u
Inmmaaiuazinalulad awiainialuminends §1075 Atomic Absorption
TagiamsigSunm wdnuazaznaudihanswnnduiiumiog ppm 6@
YAminEaRe 1 nu duaaInaluanTai 1.13 LLazuqui‘lﬁ 1.8-1.9

a3 114 lunsapdeanmmesasludrumamianaigusesis
ayuwlwitaun

2 MIANHIAMANBUTUATNIATFINIDIFITANANNIIUN
[~ Q. ] =~ < o
2.1 MSNUAIDERTURLNISAUIABY
ladufiunsarurada 1.1 uaz 1.2
lavnsiivdrededsiaundn 12 unad lagsrufieny a3, Tas wdu
naw wsgaTuwddedneraaasuazinalulad Aoaredrenifivlavianag

mumﬁ'mf LLa:ﬂgnﬁLLﬂmﬂgnmaa aontwdTanenmaasuazinalulai s ala619
NoLRAIlUWaN3197 2.1



A151910 2.1 LRAIIRAAIDENATIILNAALINN 12 FIRIALATTINIRNAL

sHanoe1a FamTafuiy Frnanfuiemsinnzy

CA1 ERTITTE: nINGIAY
CA2 UATAS TSI Y (A.1DAB) TLRLAN
CA3 QUas 1Yol nINQIAN
CA4 A3 WOAINMIOU
CA5 UATASBITUIIY (AAMIDRD) NNQIAN
CA6 PEAIGE nINQIAN
CA7 ¥ay3 nINQIAY
CA8 UATT I fugou
CA9 qlvviy U
CA10 Woalmd Auden) WOAINIOU
CA11 wugylan noAINIU
CA12 1303 111l nINGIAN

15

2.2 NMSANAUAZNITUENANT triterpene glycoside '
wINAITUNUAY 300 N3l methanol 70% %71 3 Ras w81 3 T ud?
Fbhasazasiildnnnsataunsaafiawonmn mnfiwdasinnisaiaiannin
CdaenunTTuIuMITRuENUsTNm 2 A3 daua1tazansdildeinnisnsasihan
T uInaiadadae dichloromethane  Uax n-butanol  @NIANEY LAUFW n-
butanol A ldanmMIaRaINTINAY LiIENALNGafI8EIazaBE (0.2 N sodium
carbonate) UAZHAAUENGTD BEINIUTNNTU n-butnaol Tilduszmouslasns
n§uaﬂﬂdwuﬁuﬁqquﬁ 60 asrnLTaFsE e FTanuduiuln ud3 i ethyl

acetate adlUiNpanaznau triterpene glycoside (aznNau A)

2.3 N15L@5 8 Asiaticoside, Madecassoside, Asiatica acid Wwa: Madecassic
acid ialifluarsanasgn
2.3.1  N151A383 Asiaticoside Waz Madecassoside
Weznau A 100 Hadndy uviimsusndlsdinieeaui lagldaani
RZANUNANTINING dichloromethane WAz methanol TudaIdUd1 9 1Hua21w2
813 LﬁaLLUn Asiaticoside ILdc Madecasssoside
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Asiaticoside W8z Madecassoside Y"'i'l@Tﬁnhmmunﬁngnﬁﬂﬁu‘%qﬂﬁﬁuﬁu
TaumsanKangnean methanol uaz methanol-acetone AU
2.3.2 n3L@38A Asiatic acid Uaz Madecassic acid
ATANBATNA® A 25 N3N 1% methano! 50 Hafdas uaaaw
§NT8ZAN06N 5% potassium hydroxide 283 adAaT NEINMINGD reflux
mm:mumauﬁ'l@?ﬁqmwgﬁ 80 asenatdos ua 4 4alus udadaaafis
'l'hum:ﬁuﬁuwhqmwgﬁﬁao Uuamsazanoliidunaslasmsidunsa
glacial acetic acid ¥IN13UON aglycone v"'i'l@Tﬁnnm‘sﬁwﬂﬁﬁ‘%m‘[@mmsaﬁﬂ
&1 dichloromethane 100 Ta38AT 914U 2 A3 7% dichloromethane ile
nnmssnagmbhaszimouiimeldmsaannuauazldiiiuaznou B
iaznau B 100 fiadniu unvhmsuonarsdimasduit lapliaarin
RTAUNANITNINY dichloromethane U8z methanol ludamaiu 9:1 1Tuaare
Ak Lﬁauun asiatic acid W8T madecassic acid Asiatic acid W8> madecassic

. s; | 3 o v A 4{ AI 4! = :’ v
acid 'n"l@mnmmun%:gnm‘lwmqﬂmwmu Tasn1sanuandie28 methanol

24 n’l‘iﬁgaﬁlaﬂﬁnﬁtﬁwao triterpene glycoside Laz aglycone
2.41 TLC method

ATANORITUARTAI LU methanol  udin lUAtaszhun TLC  plate

WBuAswaT Rf 283830 16NN senanugsuIa sz uieasen

242 HPLC method

axa1y 10 Hadniuvaimsudazaalu methanol 100 Hiaddas (@2
Viudu 0.1 fia@ntu 7 §888a7) udath lddaudn HPLC  Wiisufinudn
retention time BIFI LA INMIFAANUETINATIIMUARZH
8NP0 HPLC
Column Hi-Q Sil C18, 4.6 x 150 mm, 5 lunvou
Mobile phase Acetonitrile : phosphate buffer (10mM), pH 7.1 (29:71)
Flow rate 1 fadfasdoun
Detector Photo-Diode Array at 210 wlnas
Injection volume 20 lulasdas
24.3 IR method

UAKNRNEIT 2-3 WAANINNY dried potassium bromide 50 Iadniuan

1w wailueanauiduwduung hueunlaldaunudaoesas IR
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244 NMR method

aza18813 10 adn3uale Deuterated DMSO léluviaaa NMR ua2
inldadnaias NMR
2.4.5 WMelting point

iasdszunne 1 Dadniu ldlu capillary melting point u& i lum
melting point §281A38970 melting point

2.5 n’l‘swm'a’mu‘%qn%(ﬂm Asiaitcoside, Madecassoside, Asiatic acid uag
Madecassic acid filaonnsusnitelFiduasanasgiuldom
251  NISLAIBNEIITATAIYAIATZIND 1D
fomsmmgma’wﬁomazhognﬁaomiumﬂs:mm 10 fadnjy
sza1tl 50% methanol udatsuUSINasIuasY 50 NadRAT (ANAULTNTY 0.1
IadnIY / 1alaa9)
252  MSIAIINAITATAILINATZ IR TN
1?\1mimmgm‘lﬁmumamognﬁaouﬂu{hﬂs:mm 10 fadniw

aza8lu 50% methanol WRIUIUUIINATIUATY 50 Tadaas (ANUTUTY 0.1
880N / UaRAaT)

o L3 o
253 MIAATITHURTNTITANRIN

dassazaisudazdndn HPLC  uwddwimmianuuignvesms
asulinundazailasnisufioudivy peak area ratio NUEINIAIIIN
</ = [ ar v o s A’
fudaudaza lasldgasmaduimedais

% purity = Au x Ws X %purity of reference standard
As x Wu

u‘f;a

Au = Peak area of sample solution

As = Peak area of standard solution

Wu = Weight of sample (mg)

Ws = Weight of standard (mg)

Purity of reference AS standard .= 80.0 %
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Purity of reference AA standard = 95.0 %
Purity of reference MS standard = 95.0 %
Purity of reference MA standard = 95.0 %

2.6 ANTHAIBIIABNISIASBUAIDENI

261 ATHAIRIISNISENAAITDONINAIBLNS

FITNUNUAY 65 N3NNI reflux NUGIYINAZANUNRY 60, 70 Uaz
80% methanol ﬁqmﬁqﬁ 80 asvaaldoa tiwaan 2 $alau udderhen
nsadtftausnnin aeneliliin USuSmnasauasy 100 Hadaas uddeda
197 HPLC Wasnwimmndarasansfimainsauiianansasnamsoanun leunn
e

RITUNUAY 5 niugniiian reflux HUANAZINEA 80% methanol
ﬁqmmqﬁ 80 aveumaldus Wlwaan 0.25, 050, 0.75, 1, 1.5 uas 2 T2l
amudauLdInhanseaftausnnin G\xoﬁov_li'lﬁtﬁu YIudIuasauasy 100

v o \g

188807 UAIRATY HPLC  Liad 1w sl Ia At guLia 13 lunsane
813 '

2.6.2 MINRAWIIENTIASBNA20819028 Solid Phase Extraction (SPE)

aamIazanneiaig 2 Jaddasldlu SPE cartridge, C18 500 fiadniu
A&Han methanol uasinamess 2 DaddAT WUFIMNAIGY LEITIreITh
araofimInsauEM UM sTEaIE o uaanandainedaluiii ldnaassls
W, 10 uaz 15% acetonitrile lwiluil3anes 3 Haddas WudmseasiFovn
driazaoudazarlidadn HPLC e darazanslasansass
'éot%aﬂuaanm'lﬁmnﬁqﬂ weilimzansiiaulasanunanalang

WA UUSIF IR AzaNE NFNTENINY acetonitrile N phosphate
buffer, 10 mM pH 7.1 aa3@1u 45:55 udrzarsfiaulasanunan SPE
cartidge laold15uaslunmsszudazass 1 miudmm 4 ads uazadoa: 3

ml 1 @39 aasasudaz@nidaidn HPLC  iawilf3unashiinancay
AMRIVNITLRIT
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2.7 n1sHeIw1I5tas1eid nsun1dSuaos Asiaticoside, Madecassoside,
Asiatic acid WAt Madecassic acid 1@ High Performance Liquid
Chromatography

. . e/ o o o a ada &
271 oM IMRATINIUMINARIISUAIITH
= 14 ‘:Yn v o . . o e
lunseinsasefideaudainuared ICH guideline & 1wn3uUNs
Nz RngsAmMs naafe
@1 Resolution 3:%313 peak AnnnwIBLYNU 1.5
@1 Tailing Factor 183U@a: peak Haonimlalrinnu 2.0
Number of Theoretical Plate f7307nN731 2000
agnalsianuaiiiarasniasiavasiniineifiltln  mobile phase -
' A Adg e d A X

11ia233UMU detector i aupIAAUALT Folunfifa 210 nm

27.2 HaP9 stationary phase
Octadecylsilyl  (C18)-column  W8:  phenyl-column - Q‘nl“ffl,ﬂu

stationary phase lumsdinwanitlapiinisdassazainuaas
eI ultau '

2.7.3 HaDIdAI1&IW acetonitrile T mobile phase
W8A318IU09 acetonitrile lu mobile . phase fitrnunzaulunisse
s30anIINAadIt Gaud 25-30% _
27.4 wWazaIANMINTHUAT Wtay 209tWiWaslu mobile phase
WomWarivasianudutn 10 uay 20 mM pH 7.1 uas
ANy utuuestWivas 10 mM fipH 7.0 waz 7.1 HawaLiy
acetonitrile TudaNdIU 29:71 an'l‘ﬁlﬂu mobile phase 1Raw1 @ 2 1 &
WautuuasfiavasWiveifimunzay
275 msma'wmmg'mn'm‘lu (internal standard)
waninasamSumMImasinasumolu (intermal  standard)
Wanzay fa azdeniuanfiianuaedad livh  Uinderduasianla
MAINNIATINNA O NIRRT @8IN13 16 (210 nm) LLa:‘laign
sunnlasmsugludatale Taslunisdnwiadefilananald
prednisolone, betametasone, dexametasone, hydrocortisone hemisuccinate,

18B-g|ycyrhetic acid, oleanolic acid, dipotassium glycyrhezinate, fluocinolone

acetate Llazpropyl paraben.
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2.8 A1INANIIBILAT 1T 1M Tun1USun o Asiaticoside,  Madecassoside,
Asiatic acid uaz Madecassic acid ag Thin Layer Chromatography (TLC)

TumsAnmilals win TLC  silica gel  luwwia 20x10 i udiwas 1w
stationary phase W8z §1IREAVUHUIZWIN chloroform : methanol : water Tu
9aIEIW 30:15:2 LIl developing  solvent %o‘ls‘fﬁmsm‘%UULﬁuuqmauﬁamaa
Anthrone reagent W&z Liebermann Burchard reagent lunsifludaamaiatien
Wanmas lasnsiudu TLC firuwmswamnlu developing solvent 1NRAWM
reagent UAaaRa udauf 110 ssanoaidos 1naa 10 Wi nasaniudainan
MNIa T IaANud I8 62y densitometer fiANUBNIAAK 525 nm NN 1AM
15 Wil sl lduuaainnuiuiuiszn s nuanuduasdfidnng em
reagent fimanzaulunmaiuiaiaia

29 nIasRdavaIAlTiavei’s High Performance Liquid Chromatography
msassauanuldlduedtinnsilumsdnmil finssradimudaimua
183 ICH  guideline  Tu#ada AuDNFDI (Accuracy), AULINEN (Precision),
ANVIUNITLANZI (Specificity), ﬂ‘%mmmw‘hqaﬁmmmlﬁmﬂ‘%mm’lﬁasngnﬁaa
(Quantitation limit), LLa:’ﬁ’Nﬁlﬁ'ﬂ’n&lﬁuﬁuﬁtﬂuLﬁuﬂid (Linearity and Range)

2.9.1  NSLATPNAIIATANLNIATIN

w3suasazaginaspulilianududuainansm 2.2

@197190 2.2 AVTNURAIANVLTUTUTBIRITRZRIUIAIFINEINIUNY
asraunultlavasdd HPLC

TR | ANNTATHTDIAIIATAIDNIAIZIN (AaAnTn/Aadans)
s, S, s, S, S,
MS 0.070 0.130 0.270 0.330 0.400
AS 0.050 0.100 0.200 0.250 0.300
MA 0.008 0.016 0.032 0.040 0.048
AA 0.004 0.008 0.016 0.020 0.024
Prednisolone 0.044 0.044 0.044 0.044 0.044




a a 3 */ oA
29.2 NFENAFIT3NINNADLNIAYD reflux

a9 reflux apparatus - l®HINTUIUN 5 NTU (AN 80% methanol 90
finddas reflux (waan 1.5 $lus ndsniudaiannseafisusnnn o
mm:muv“i"l@'ﬂﬁ’l,ﬁuwhqmﬂgﬁﬁ’ao wd395uSnasauasy 100 Haddas
2.9.3 NISIAIBNEITALAIUAIDENI

o

qassazanfldnnnsanadnaduin 5 Jaddas udldumnasgw
vl wamnmiuliulRunasdisihanasy 10 J888as lasanududuas
ssnasuiduasllasansen 2.3

- v v A a
A13519N 2.3 mﬁouammmmu‘uumaomsmmgmmmuao‘lumm:mu
A0t -

asaasgn | anududnaasaisazaisanasgwiida @adnsuidadaas)
E, E, E, E, E, E,
Prednisolone 0.044 0.044 0.044 0.044 0.044 0.044
MS - 0.070 0.130 0.270 0.330 0.400
AS - 0.050 0.100 0.200 0.250 0.300
MA - 0.008 0.016 0.032 0.040 0.048
AA - 0.004 0.008 0.016 0.020 0.024
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2.9.4 MIMANNAzaNAA18819028 Solid Phase Extraction (SPE)

qeasazaualaiin 2 laddas ldlu SPE cartridge (500 ia@iniu)

b

AHUMILAIBUGIY methanol waziy athay 2 Tadaas @udRy udiId e
#91391lueanan SPE ¢ acetonitrile : methanol 8a318% 1:9 lulFunas 3
VBRI Waze WAL acetonitrile : phosphate buffer, 10mM pH 7.1 8a3&I4
45:55 luBunasasias 1 H38AT W 3 59 (RaTza139aNINIIN SPE
WA AAVEIREAET Id TN nsasruuHunIasIa 045 lunsaw naw
Aot HPLC

2,95 N1IATIVABUANANADI (Accuracy test)

nagaulaumiassuasazaodadnaNutuTua19g 6 41 udd
° v &
U %recovery (%R) MUFUNITIEIN

%R = [XE - XEg x 100
WS,
(e
XE, = aNuTutuTaIE s ldanmMIie s
XE, = AU UTUTaIE N LGINMTIARTIEA Ey
WS, = anudutuwrassmsnasgmilad lyluaaaeing

2.9.6 N1TAIVFDUANNUNNEN (Precision test)
nageulasaisudiatnafinnudutudneg 5 dudrdnwr umndn

AMULTDIVUTUANT (%RSD)  muluiwdnanu wial3unin repeatability

precision  uastadnudagafinnudududig 2 41 s 3 u e

A UWIUMNIAITUL T UILUURUANT 35131970 n3a158n37 intermediate

precision
%RSD = [SD/ X]x 100
\ie
SD = anufisaunues %R
X = FUaauUad %R
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297  msMaNnuFNNRAARasIuazg R RanadRusmduasse
(linearity and range)
nasaulasnisiaivudadifianaduiudrs g 3 F1 udam

AMuRIRRETznIIanudutu i nsildtuannduduaTefiiauaslu

farIudazalatafiaudutuang sanuniu coeficient  of

determination (r2)

gt ARy R uS D wEuass IWR9ITI9IN %recovery o]
1129 96-104, %RSD LI INN1 3 Uz r POIRUNIEUATIVINNTA 0.99
29.8 NIATIVADVAINIUNIEIINZ9 (specificity test)

Wsuifisy spectrum 23R naTUARZA2 I KAENINY spectrum V89
719na3314 lapld photodiode array detector LRBLEAIAMUIUWIZIINZDY
218938 TeR _

2.9.9 nﬁsvnﬂ'%anme‘i'lz!ﬂ‘lums?mﬁ:ﬁlﬁ:aw\ﬂ?u'\ma'\s
(quantitation limit)
ﬁmé’aﬁwa:mmﬁﬂﬂtﬁammmqwao noise ‘luu‘%nmﬁms 2anuN

winiudidamarmminaspuudaziafianudududig g wldnugs

PAIRNINNTINNNFIVBI noise 10 L¥i1 T anuduTusImTInasIuiili

mmq\maoﬁnmhniwmmgwao noise 10 L¥i1 A @1 quantitation limit W&

SANIRAFIIRLAILUIATIIN T AUt uGIngE1 g fin 5 a3y 1he

fu N LR NI U RRALARN (peak area) lay %RSD s

ATLNU 3

2.9.10 N1IAITIVHAVAINRIITHNBITZVY (system suitability test)
lunisasrgauanuinyzausadszvuansanldlasnisiia

msa:mummgmﬁmwL'iTmTu 3 (S)) q‘?ﬁf) %6 A% uddwam el

wanugn (precision), number of theoretical plates (N), AMUKFUNIATVOINN

(tailing factor) uac ANMURIVTO UM TUSNVDIAN (resolution) UBIFT
A ATFIMUABLAD ’

2.10 MIASFIVANANFLABaIFS Thin Layer Chromatography
2101 NILATVNAITALAIBNIATIN

MILATHUEINATTIN AS Uaz MS i methanol TTianadudu 0.12
WaT 0.25 mg/ml MURIGU
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2.10.2 A1SLAIPUFIIATANUAIDENI

L@IPURITAZABADE1991N extract powder (UTznavualty AS Lz MS
TudanaIn 35.23% Uaz 49.46 % ANE1GU) 11 methanol TRaNuTuTuas
a7 2.4

MINT 2.4 MaassusatadgmiunIaasauaulslarasds TLC

a5 ANATNTW (RAAnINAFAAT)

1 2 3 4 5

Extract powder | 1.00 | 200 | 100 | 150 | 200
" AS 035 | 070 | 352 | 528 | 7.05
MS 049 | 099 | 495 | 742 | 9.89

2.10.3 1518384 anthrone reagent

%3 anthrone watgnaasaingr 100 mg a:mﬂ'lunmiawﬁmﬁuﬁu
5 mi W&ILGN absolute ethanol 50 m
2.10.4 &nIETMINAaa

vk TLC findon1¥in spot asazaofrotumuan izt

Stationary phase silica gel plate GF,54 10 x 20 cm

Developing solvent chloroform : methanol : water (30 : 15 : 2)
Applied 2 lulasaas

Densitometer parameter

Photo mode Reflection
Scan mode Linear

Set zero mode At start

Beam size 0.4 x 1.0 mm.

Wavelength 525 nm.
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HUHR TLC AHBMINAIBILEINNSANUGA8 Anthrone reagent W7
dldoun 110 °c luaan 10 wafl navanuudatinun i liautiutyin
qmﬂgﬁﬁauﬂunm 30 W LAINNUNATIRDUANULT UVDIRGIULAIDY

. A ) - a X Hdq va o . v
densitometer NAULNIAAU 525 nm uﬁuumUuwuﬁ’lﬂwnmaomamonu
1IN

2405 ms@sWALAMANDNAI(accuracy test)
L3puasazaalagefinudududng g d19 w6 At ud
f‘hmmmmmgnﬁaomao‘i%‘imm:n‘lugﬂu.uumao %recovery (%R) @y
FUNTTIEW
%R = Runaideedle 7 nadidadal) x 100
2.10.6 N13AS2IHBVAINUANRET (precision test)
W3suRsazaedlasefianudududeg 419 fu e a3y ud
f‘hmmmmmmiuz‘iwa\ﬁ%%Lﬂﬁm"l.ugﬂl.l.uumaaﬂ'nuLﬁ'mmuﬁuﬁﬂﬁ
(%RSD) U3 %recovery

2107 MISHAAINANNHRSIAWA SIUALB ST I AN TNARS LTI ANAT
(Iineafity and range)
ﬁwmuﬁuﬁuﬁs:wmmﬁmﬁuﬁuﬁ%Lﬂﬁ:ﬂﬁﬁnmwmﬁuﬁm‘%oﬁa51;

lushagfinnudududng 5 anududu lavedouanududuas 3 70

panUNTuEUN1ILEUATILAZAN coefficient of determination (1) WazTIITIIA

anudRunuduas MR350 %recovery atiluiag 96-104, %RSD

Tainnndn 3 uas 1 vaIRNMIEUATININNGY 0.99

2.11ﬁi§lﬂi1:ﬁllﬁaﬂ’lﬂ%u1m Madecassoside, Asiaticoside, Madecassic acid
Was Asiatic acid Twr3tiUnlas3s HPLC
2111 n'lim%zma’liaza'mu'mig'm

L3BNENIRZALINAITIBIRTANNTUTUANM TN 2.5
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@I 2.5 AITNUEAIANUTUTUDDITIATABIAIPIHIIMIUNIA TR0

HPLC

ANNTNTWYDIANTATANYNIATIIN

AT (HadnSu/lafans)

s, S, S,

MS 0.070 0.270 0.400
AS 0.050 0.200. 0.300
MA 0.008 0.032 0.048
AA 0.004 0.016 0.024
Prednisolone 0.044 0.044 0.044

2.41.2 MSASPNETATAINIAIZ IR |1
% prédnisolone mazmgnﬁamaiuz‘h 10 Hadn3y azanglu methanol

wanufSnasauasy 25 NaARAT  (AINDNTULYIINY 0.4 HadnTu/
EREIE) _ _
2.11.3 MSANAEIT2ONNINNAIDHIIAILNTT reflux
| &9 reflux #9D2uN 5 51 1u 80%methanol 90 fiadfa3 VU water bath
Wwaar 1.5 $alue udB9iannsedfivasazans seaunsznaiuima
gaunniivie InJFulinasauasy 100 Haddas
2.11.4 NMSIASENAITAZANBA DL _

' g}ﬂmsa:mﬂﬁ'lﬁmnmsﬁﬁmﬁnﬁum 5 H888AT WIRUNURITRTANY
naspumely 1 Saddas udbnSuiBinasdsiauasy 10 faddns

AATMINTAYAIDLNIAN 2 faddasldlu SPE cartridge (500 Jadniw)

L.

[ = v

AHmnsIa3sURI8 methanol Uasin ag9as 2 DadAAT AWAGU uiId
Fu30Uuaanan SPE §8 acetonitrile : methanol daTan 1:9 lwl3unas 3
findRaIuasanuag acetonitrile : phosphate buffer, 10mM pH 7.1 a3&IU
45:55 luSanasasoas 1 Daddasdiuin 3 a3 tlarsansaanunan SPE
udnAussacaofildunsuny nsasduudunsadswa 045 lunsen naw

49191 HPLC
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2.11.5 NSO PNFITALAIYAIDLNIINNHIANTANAVIUN
Tadet1nednagndauaingn 20 Tadniu aza1ulu mobile phase

50 fadfandvasazavinaspunslu 10 Tadfasmanliidnnu udnliy
13Na33UATY 100 Ua8RAI028 mobile phase

2.11.6 NIRNBIANVNAIAIVDINIFNTANALIUN
Forsmsanataunainyszanm 200 Sadniy ldluwiefn udnihly

Lﬁm’ﬂ’wﬁmaaummmﬁaﬁqmﬂqﬁ 50 9RLTAITU ANUTUTUNNE 75%

o 3 Wau lasgualatneaniniaizinn g auauasy 3 Liau

2.12 miansiiilann3an ot Madecassoside uaz Asiaticoside twrstiaunlas
35 TLC
2421 NMSL@IVVUFAITATAIYIIATIIN
Fagr3unasgulFiulkiuSunnuas Madecassoside Waz

Asiaticoside afin9a2 10 WAz 20 AadnTy aza1ulu methanol 10 Ta3da3

2.12.2 MSL@IENEIIRLAIAIDE9 A
gﬂmsa:mnﬁ'lﬁmnmsaﬁ’ﬂm 5 faddasudiulSnasdioiam
AU 10 URBANY
2.12.3 A1SNIANATDINAIIATAUA20819A28 SPE
gasIsazauaiagin 2 Haffasldlu SPE  cartridge (500
fingnsu)  Arun1sieIoudan methanol wazin aghonr 2 Gnddes
aUfAY udd9FI3atuaanan SPE §e acetonitrile : methanol
Sa@u 1 : 9 luBines 3 Haa8ATUATMUY methanol 3R 1
fi88Ra39 MU 3 A3 udh methanol  Aldluszmsliukadoufs
Iulastan naINIUaEaINAURIE methanol 200 lulasdas
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unn 3

Han1Inaasdtazanilsauna

‘Lumﬁéluufrvlé’uﬂamsﬁnwuﬂuaaadmﬁamuﬁtﬁm"ﬁaaﬁuqmﬁnwmwaaﬁm
a&gﬂwsﬁaun%aLﬂu*?@qaulunﬁswﬁmmmﬁ”@ﬁaun wazdufAsdasiuSinmasinlu
fthunuazssaiaiiun Tasmsanwgendsiieslédayaiugudmulfiiunanlunis
MAUANIAITFIUVDINTIILNUREFETIFNG

idlasnniiaiunisiy Usznalnpdrhifinsdwuauasgwvesfisayulnadaun
winuadszinalunguiaidvaziusanifosldldiuiuimuainaspuayulnsiunlilu
Standard of Asian Herbal Medicine danulunisissdinusndaferdasniunisasivsey
AN mzuaznIMasaugmaulansnenwall 398ainusiues Standard of Asian
Herbal Medicine tHuuuams tialiiiuladn Azaywlwsfiandnwatatesduasgin
dmualy Ltaztﬁa@dﬁﬁaadﬁamguvlwmaamu’ifmnﬁu{nmeﬁazhaluﬂs:mﬂvlmmm:au
wie'ld uazesiifodmuadu quiadunninmsivesendou uaznliindeyadldmansn
thinlsifunandely dwiumhonuitisdesiunsimuainasgusyulng mmaaas

1 i 4 = (% a . ;
Tundaznatanisanun lauaasaa 1

1 mimmaauqmﬁnumwadﬁﬁas,‘mlwsﬁ'mn
1.1. M3AIIVADULANANBUNIAABLIN {(Pharmacognostic Characteristics)
1.1.1. asAgakiana n#oiN198uN 3383 (macroscopic  identification)
NNNBAR
Thuniilufisdes gaLlzanm 20 lrudlues dsinsanesanunaudauaIsidn

A =Y ij’ ~ ~ ar ~ =1 a oA = L7
fulusrsanassandw antdunadany ludluludofidon gﬂvlmnammnuaﬂ

mau‘tmﬂuﬂﬁuéﬁuam‘lugﬂﬁ 1.2 (a,b)
(a)

]

= -

i

g

N . B !
- - i .

. F 3

- . i
P = - .

- 1 i

ad - B 1
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(b)

1l 1.2 (RN THET)

a a '3 '3 . - g .
1.1.2. mswgmﬁa NAaNHFMNIINRNITAY (macroscopic identification)
INUILAUN

ar 12 L2 @ ~ - g/ 2/
muaummamnn’m?uuaz?uwaauaun A yrnkrmna waruil s n’m?u

Il & q' a a {
ustdaandwuds (3o lasdindwanizaa sayutueha asuansluzin 1.3

P S i
e
: ~
& B P [
-, ;. LN
j M
=T % e
o R P
— N v
e i
. . T - .
e
= .
€ - = s
- L 'ﬁ
-
i
< - L & e e = [P

— i e mewe— —

JUN 1.3 LLamgﬂmﬁfﬁﬁ'_mmLﬁd _
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113 n15ﬁ§m§tan5n‘i§tﬁﬂ’mgaﬂi‘iﬂﬁ (microscopic identification) a1nNH &R

STRIT)

Upper epidermis LﬂuLf:aLﬁaﬁa’Luﬁﬂu§uuuq@ fintuuuivw Swwadla wulhn
Tuifuuun anisocytic 1anssanawuiluuuy paracytic WasWULLUWLL anomocytic #asuIn
AIUFA 1u3ﬂﬁ 14

3U# 1.4 usas31 Upper epidermis 23l UNTIIUNE

Lower epidermis tHutitatfafalusuats azwusinzestinluiluwiuy

anomocytic, paracytic, anisocytic 1914 3 WUL AILEAd 1ugﬂﬁ 15

311 1.5 w31l Lower epidermis 2a3luniinunaa

& . ~ P ) v
Lamina and midrib tHudiuvasnarslunazuSiimd irwnasludusasld

Winzwilaiboens g vasinunaadiuaaslugli 1.6
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| .’ Collenchyma -
* " “Palisade cell

Al duct

 Vascular bijn"dlés_: .

Eﬂﬁ 1.6 meéimﬂsznauua:gﬂﬁ@mwa Lamina and midrib 2asluNwiAun

B17

[ . A o ' @ a n = B v & =
n’]u:LU (petiole) VANWULADUUIINAVLISUUTLIUAUIUE N W USRI N WD D

UAN A UVDIUILNRA AILRA lugﬂﬁ 17

517 1.7 uerasgildavnadiuly (Petiole) vesnatinunaa
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swnﬁﬁnmm:nauﬁummlugﬂﬁ 1.8

v
b

§ ot [ - o
gﬂ‘n 1.8 LLamgﬂmmNmaaﬂnmaaw"nmuna@

1.1.4 M3 gRIanan¥akN199aN 3564 (microscopic identification) Ba3nytiun
IHaaTEaULaNANEINIaNTIe iU TILN AN TANUE U 9 a9k

. « A A 4 = v o @ « A o

Parenchyma iluiflaibafisnunsaiuldagnstanulianyuadunisuas

LLam'l.ugiJﬁ 1.9

3U# 1.9 uaaazLl Parenchyma vadwsistnun -
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. [~ U t:llt:: ~ v . . d
Trichome tudiuniuaanuranirluduyn (upper epidermis) TILI1FTWU

\uuuy unicellular trichome iudulwgdsuaasluzli 1.10

gﬂﬁ 1.10 uaa33U unicellular trichome YDINIWBLILN

Vascular bundies LﬂudmmaaLﬁalﬂaénﬁmﬁouamlugﬂﬁ 1.11

PR A
g'ﬂ"n 1.11 Ltamgﬂ vascular bundles UaINIWTLILN



Upper epidermis eauaadluzii 1.12

o r————

317 1.12 usas31 Upper epidermis 1a9n9fioiiun

Lower epidermis A LLa@alugﬂﬁ 1.13

g‘ﬂ‘ﬁ 113 LLH@NE'}J lower epidermis PYININTUILN

1.2 HANI3AIVFOULANA NHMNI9LAL (Chemical Characteristics)

1.2.1. HaN13IAIIAaULI 03 A21Y Chemical Test (Preliminary Test)
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P & v v N o ' A o
AN 1.2 LLRAINAMIATIIRDULUDINUAIE] Chemical Test @8 1NHINTLIUN

Saponin Test

Liebermann-Burchard Test Tannin Test
i anugevaaas | szuzianineag | wa Positive (+)IW0unamd | ua Positive(+) T
Gtk (cm) ‘Uaa‘ﬂaa(u’lﬁ) Brownish Red Green Precipitate
1A (a) 0.8 9 + +
1A (b) 0.8 9 + +
2A (a) 1.0 9 + +
2A (b) 0.9 9 + +
3A (a) 1.3 . 12 + +
-3A (b) 1.3 12 + +
4A (a) 0.7 8 + +
4A (b) 0.8 8 + +
5A (a) 1.1 8 + +
5A (b) 1.1 8 + +
GA (a) 09 8 + +
6A (b) 0.9 8 + -+
7A (a) 1.3 10 + +
7A (b) 13 10 + +
8A (a) 09 9 + +
8A (b) 0.9 9 + +
9A (a) 0.9 8 + +
9A (b) 0.9 8 + +
10A (a) 08 10 + +
10A (b) 08 10 + +
11A (a) 1.1 9 + +
11A (b) 1.1 9 + +
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Saponin Test Liebermann-Burchard Test Tanninfest
anugevesnas | szzaanageg | ma Positive (+)lW9uwInd | wa Positive(+) TW
GRE) (cm) Va9 a\‘i(u’lﬁ) Brownish Red Green Precipitate
1B (a) 0.7 9 + +
1B (b) 0.7 ‘ 9 + +
2B (a) 1.0 8 + +
2B (b) 1.0 8 + +
3B (a) 1.2 12 + +
3B (b) 1.2 12 + +
4B (a) 0.9 9 + +
4B (b) 0.9 '9 + +
5B (a) 0.9 8 + +
5B (b) 0.9 8 + +
6B (a) 0.8 9 + +
6B (b) 0.9 9 + +
7B (a) 1.3 10 + +
7B (b) 1.3 10 + +
8B (a) 0.8 8 + +
8B (b) 0.8 8 + +
9B (a) 0.8 9 + +
98B (b) 0.8 9 + +
10B (a) 11 10 + +
108 (b) 1.1 10 + +
11B (a) 1.2 1 + +
11B(b) 1.2 1 + +
tade 0.98 9.2
LSL 0.19 1.2




1.2.2. HANIATIHDUBUAUG Y TLC Test (Confirmatory Test)
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MINN 1.3 URAINANTATIVEOUBUSUGIH TLC Test (Confirmatory Test) @881 9HIAT
vhunlasmsaidsdaas Liebermann-Burchard Reagent ufgeoaian

AR 0TS spot ﬁ 1 spot 17'; 2 spot 17'; 3
120 S(cm) | S'(cm) R, S(cm) | S'(cm) R, S(cm) | S'cm) | R,
1A 1.32 8.50 0.16 6.20. 8.50 073 | 7.20 850 | 0.85
2A 1.50 8.50 0.18 6.40 8.50 0.75 7.20 8.50 | 0.85
3A | 1.40 8.50 0.16 6.20 8.50 073 | 7.18 8.50 | 0.84
4A 1.30 8.50 0.15 6.28 8.50 0.74 7.10 8.50 | 0.84
5A 1.35 8.50 0.16 6.35 8.50 0.75 7.10 8.50 | 0.84
6A 1.45 8.50 0.17 6.38 8.50 0.75 7.00 8.50 | 0.82
7A 1.30 8.50 0.15 6.20 8.50 0.73 7.00 .8‘:50 0.82
8A 1.45 8.50 0.17 6.25 8.50 0.74 7.00 8.50 | 0.82
9A 1.40 8.50 0.16 6.08 8.50 0.72 7.00 8.50 | 0.82
10A 1.50 [ 850 0.18 6.12 8.50 0.72 7.00 8.50 | 0.82
1A 1.42 8.50 0.17 6.10 8.50 0.72 6.95 8.50 | 0.82
18 1.40 8.50 0.16 6.20 | 8.50 073 | 7.20 850 | 0.85
2B 1.60 8.50 0.19 6.20 8.50 0.73 7.20 8.50 | 0.85
3B 1.50 8.50 0.18 6.30 8.50 0.74 7.10 8.50 | 0.84
4B 1.50 8.50 0.18 6.35 8.50 0.75 7.10 8.50 | 0.84
5B 1.52 8.50 0.18 6.35 8.50 0.75 | 7.00 8.50 | 0.82
6B 1.48 8.50 0.17 6.20 8.50 0.73 | 7.00 8.50 | 0.82
7B 1.55 8.50 0.18 6.30 8.50 0.74 7.00 8.50 | 0.82
8B 1.40 8.50 0.16 6.10 8.50 0.72 6.90 8.50 | 0.81
B 1.35 8.50 0.16 6.00 8.50 0.71 7.00 8.50 | 0.82
10B 1.44 8.50 0.17 6.18 8.50 0.73 7.00 8.50 | 0.82
11B 1.22 8.50 0.14 6.10 8.50 0.72 7.00 8.50 | 0.82
Fi’lms.ﬁl 1.43 8.50 0.17 6.22 8.50 0.73 7.06 8.50 0.83
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M3 1.3 (de) URMINANIATIRRBUAUTURIY TLC Test (Confirmatory Test) @28819HINT
thunlasnisasdae Liebermann-Burchard Reagent udgmsanen

419N A spot ﬁ 4 spot 17‘1 5
1un S(cm) S'(cm) R, €(cm) | S'(cm) R,

1A 7.90 8.50 0.93 8.35 8.50 0.98
2A 7.80 8.50 0.92 8.30 8.50 0.98
3A 7.90 8.50 0.93 8.25 8.50 0.97
4A 777 8.50 0.91 8.20 8.50 0.96
5A 7.75 8.50 0.91 8.18 8.50 0.96
6A 7.70 8.50 0.91 8.20 8.50 0.96
7A 7.70 8.50 0.91 8.20 8.50 0.96
8A 7.75 8.50 0.91 8.20 8.50 0.96
9A 7.75 8.50 0.91 8.15 8.50 0.96
10A 7.70 8.50 0.91 8.20 8.50 0.96
.11A 7.80 8.50 0.92 3.20 8.50 0.96
1B 7.90 8.50 0.93 8.30 8.50 0.98 -
2B 7.89 8.50 0.93 8.23 8.50 0.97
3B 7.77 8.50 0.91 8.20 8.50 0.96
4B 7.75 8.50 0.91 8.20 8.50 0.96
5B 7.72 8.50 0.91 8.15 8.50 0.96
6B 7.70 8.50 0.91 8.20 8.50 0.96
7B 7.70 8.50 0.91 8.20 8.50 0.96
8B 7.71 8.50 0.91 8.20 8.50 0.96
9B 7.70 8.50 0.91 8.20 8.50 0.96
10B 7.75 8.50 0.91 8.20 8.50 0.96
11B 7.72 8.50 0.91 8.20 8.50 0.96

AMiady 7.77 8.50 091 | 821 | 850 0.97

a P @ a a = . a
S fis szuzmsiasanaludunindaunluvuusiu TLC @oudiwas)

a N = a Pt . a
$' fa tuzN1IN mobife phase 1ARauN UMY TLC (lrudiiuns)



39

AMTNA 1.4 UFAINANTATIIRAUE I UGIY TLC Test (Confirmatory Test) lualatnanaie
vunlasmssiisdans Liebermann-Burchard Reagent ui2gf UV 366 nm

A15dANA spot ‘7; 1 spot ‘iél 2 spot ‘ﬁ. 3
12un S(ch) S'(cm) R, S(cm) | S'(cm) R, S(cm) | S'(cm) R,
1A 110 | 860 | 0.13 240 | 860 | 028 | 375 | 860 | 044
2A 100 | 860 | 012 220 | 860 | 026 | 330 | 860 | 038
3A 1.00 | 860 | 0.12 220 | 860 | 026 | 330 | 860 | 038
4A 1.00 | 860 | 012 220 | 860 | 026 | 330 | 860 | 038
5A 100 | 860 | 012 | 215 | 860 | 025 | 340 | 860 | 040
6A 105 | 860 | 0.12 225 | 860 | 026 | 350 | 860 | 041
7A 1.02 | 860 | 012 230 | 860 | 027 | 355 | 860 | 041
8A 100 | 860 | 0.2 225 | 860 | 026 | 345 | 860 | 040
9A 095 | 860-| 0.11 215 860 | 025 | 335 | 860 | 039
10A 110 | 860 | 013 232 | 860 | 027 | 340 | 860 | 040
MA | 100 | 860 | 0.12 222 | 860 | 026 | 340 | 860 | 040
1B 110 | 860 | 0.13 235 | 860 | 027 |-360 | 860 | 042
2B 100 | 860 | 012 210 | 860 | 024 | 300 | 860 | 035
3B 100 | 860 | 012 225 | 860 | 026 | 330 | 860 | 038
4B 1.00 | 860 | 012 220 | 860 | 026 | 320 | 860 | 037
5B 110 | 860 | 013 225 | 860 | 026 | 350 | 860 | 041
6B 1.05 | 860 | 012 222 | 860 | 026 | 340 | 860 | 040
7B 1.00 | 860 | 012 225 | 860 | 026 | 345 | 860 | 040
8B 1.10 | 860 | 0.13 222 | 860 | 026 | 365 | 860 | 042
98 1.00 | 860 | 0.12 225 | 860 | 026 | 350 | 860 | 041
10B 1.00 | 860 | 0.12 222 | 860 | 026 | 360 | 860 | 042
11B 1.05 | 860 | 0.12 240 | 860 | 028 | 370 | 860 | 043
Aladg 1.03 8.60 | 0.12 224 | 860 | 0.26 | 344 | 860 | 040
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Ml 1.4 (do) uaRINaMIATIIFaUE WS UG TLC Test (Confirmatory Test) @1881319RT

Tunlaunsailssaas Liebermann-Burchard Reagent W29 #iUV 366 nm

GRPE file) spot i 4 spot i 5 spot 11 6
17un | S(cm) | S'cm) | R, | S(cm) | S'(cm) R, S(cm) |S'(cm)| R,
1A 6.30 860 | 073 | 7.60 | 860 0.88 8.40 860 | 0.98
2A 6.20 860 | 072 | 760 | 860 | 088 8.25 8.60 | 0.96
3A 6.30 860 | 073 | 740 | 8.60 0.86 8.25 8.60 | 0.96
4A 6.10 860 | 071 | 750 860 | 087 8.30 8.60 | 0.97
5A 6.28 860 | 073 | 750 | 8.60 0.87 8.25 8.60 | 0.96
6A 6.40 860 | 074 | 760 | 860 0.88 8.20 8.60 | 0.95
7A 6.30 860 | 073 | 770 | 860 0.90 8.30 8.60 | 0.97
8A 6.40 860 | 074 | 765 | 860 | 089 8.25 8.60 | 0.96
9A 6.20 860 | 072 | 760 | 860 0.88 8.25 8.60° | 0.96
10A 6.25 860 | 073 | 767 | 860 0.89 8.30 860 | 0.97
1A 6.30 860 | 0.73| 750 | 8.60 0.87 8.30 860 | 0.97
1B 6.35 860 | 074 | 750 | 860 0.87 8.40 860 | 0.98
2B 5.95 860 | 069 | 720 | 860 0.84 8.25 8.60 | 0.96
3B 6.20 860 | 072! 720 | 860 0.84 8.25 8.60 | 0.96
4B 6.20 860 | 072 | 740 | 860 0.86 8.25 8.60 | 0.96
5B 6.35 860 | 074 | 750 | 860 0.87 8.25 860 | 0.96
6B 6.30 860 | 073 | 760 | 860 0.88 8.20 8.60 | 0.95
78 6.40 860 | 074 760 | 860 0.88 8.30 8.60 | 0.97
88 6.35 860 | 074 | 770 | 860 0.90 8.30 8.60 | 0.97
9B 6.35 860 | 074 | 7.70 | 860 0.90 8.20 8.60 | 0.95
10B 6.35 860 | 074 | 765 | 8.60 0.89 8.30 8.60 | 0.97
1B 6.30 860 | 073 | 760 | 860 0.88 8.30 8.60 | 0.97
anady | 6.28 860 | 073 | 754 | 860 | 0.88 828 | 860 | 0.96
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@MINT 1.5 URAIHANIIATIVRAVDUIUAIE TLC Test (Confirmatory Test) s1331@3311

Asiaticoside , Madecassoside , Asiatic acid ez Madecassic acid

3T :Ynoﬁm'i 'i:il:‘n'loﬁ mobile
lﬂ?\la%‘ﬁ: phase lﬂﬁ.a%ﬁ
d1701A93 1% (1BRALNAT) (LBEWALNA ) Rf hRf
Asiaticoside 7.50 8.50 0.88 88.24
Madecassoside 6.30 8.50 | 074 7412
Asiatic acid 8.30 8.50 | 0.98 97.65
Madecassic acid 7.70 8.50 0.91 90.59

AN 1.6 LRAIF hRy FITRNARINTUILNG2I8819

NNIASAVEDUHA TLC A2
Liebermann-Burchard Liebermann-Burchard

Spot @1 hR, reagent llﬁ‘)gﬁﬁﬂmﬂﬂé’l reagent ué’f’xgﬁw. Uv-366

1 11-13 - SLRER)

2 16-18 Fihaadon .

3 24-28 - LTDILEY

4 35-44 - PLMIGA

5* 69-75 aen LIDIUED

6** 81-90 RG) LIDIUED

7 91-93 &9 -
grr 95-98 aihana PLMIGA

* Madecassoside ** Asiaticoside *** Madecassic acid **** Asiatic acid
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3U# 1.14 TLC Chromatogram nsasiatanansatansdaylursisiaun

hR,
100

Al

hR

o e o 100

MINBAY 1 fla F1IATANLNIAIZU Asiaticoside

& -
HRUURY 2 a8 CAPR VAl PE) ) Madecassoside
RUNLLaY 3 A §13aTa1uNNaIzIN Asiatic acid
RINUIAT 4 A8 FUIIRTRWUNANIZIN Madecassic acid
RIDIATD 5 Aa miaﬁ@nmﬁfﬁﬁaunﬂ@ﬁ’mmmm

RUUIAY 6 Aa miaﬁ@mﬁmﬁaunﬁ@ﬁm UV 336 nm



1.3 MIAIVdaY Qmauﬁama nigan

1.3.1 mamdSuimasiaanin (Foreign Matter)
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a3 1.7 uaasfanaEnlasuilu (Foreign Matter) lanara100 niuludiatansis

w.n.(g) l‘éNG‘fu n.1.(g) E!ﬁ‘ﬁ”lzl Foreign Matter {g9) | % Foreign Matter
&5 1A 100.0023 99.2065 0.7958 0.7958
@13 2A 100.0025 99.2327 0.7698 0.7698
&5 3A 100.0032 99.2511 0.7521 0.7521
§15 4A 100.0024 99.1703 0.8321 0.8321
&3 5A 100.0000 99.1735 0.8265 0.8265 |
815 6A 100.0012 99.2027 0.7985 0.7985
a5 7A 100.0021 99.2652 0.7369 0.7369
a15 8A 100.0034 99.2076 0.7958 0.7958
#15 9A 100.0024 99.2426 0.7598 0.7598
&15 10A 100.0032 99.2334 0.7698 0.7698
13 1A 100.0016 99.2121 0.7895 0.7895 |
815 1B 100.0024 99.1568 0.8456 0.8456 :
&5 2B 100.0035 99.1779 0.8256 . 0.8256
§15 3B ' 100.0036 99.1541 0.8495 | 0.8495 |
415 4B 100.0024 99.1788 08236 | 08236 B
417 5B 100.0019 99.2421 0.7598 0.7598
413 6B 100.0028 99.2133 0.7895 0.7895
413 7B 100.0000 99.1846 0.8154 0.8154
#13 8B 100.0046 99.2500 0.7546 0.7546
#15 9B 100.0035 99.2709 0.7326 0.7326
&15 10B 100.0035 99.2489 0.7546 0.7546
#15 118 100.0035 99.2670 0.7365 0.7365
@annfiga | 100.0046 99.2709 0.8495 0.8495
@tasiiga | 100.0000 99.1541 0.7326 0.7326
aain 100.0025 | 992156 |  0.7870 0.7870 |
S.D. 0.0011 0.0371 0.0367 00367




Yoo o4 A o .
1.3.2 mannmnnnig lhidlarin 13w (Loss on drying)

1.3.3 YSuoma153 (Total Ash )

1.3.4 P3anoudniilalazanslunsa (Acid-Insoluble Ash)
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- b | A o [V N v
71971 1.8 uaaaSanaiiinfime U ilaviliuis (Loss on drying) YSunmidnsau (Total

Ash) usziSanmin? liazaelunsa (Acid-Insoluble Ash ) lu@laginamsfisimin 2 niu

a1 %N | Loss on | Total ash | Acid Insol. | %Loss on | %Total %Acid
(g9) Drying (g) (9) Ash (g) Drying Ash Insol. Ash

d13 1A (a) | 2.0920 0.1718 0.2133 0.0246 8.2124 10.1946 1.1759

d139 1A (b) | 2.0585 0.1732 0.2147 0.0242 8.4137 10.4313 1.175.6

d192A (a) | 2.0074 0.1767 0.2520 0.0211 8.8008 12.5522 1.0495

&13 2A (b) | 2.0095 0.1769 0.2523 0.0213 8.8017 12.5576 1.0583

mi 3A (a) | 2.0292 0.1747 0.2066 0.0214 8.6077 10.1814 1.0546

d193A(b) | 2.0434 0.1756 0.2087 0.0213 8.5935 10.2150 1.0407

d194A (a) | 2.0176 0.1788 0.2024 0.0193 8.8620 10.0317 0.9549

d194A (b) | 2.0097 0.1778 0.2016 0.0190 8.8472 10.0315 0.9454

d195A (a) | 2.0467 0.1792 - |. 0.2070 0.0191 8.7554 10.1137 0.9348

#1393 5A (b) | 2.0439 0.1784 0.2069 0.0194 8.7286 10.1213 0.9492

d196A (a) | 2.1067 0.1863 0.2132 0.0231 8.8418 10.1203 1.0949

d&196A (b) | 2.1065 0.1843 0.2129 0.0226 8.7506 10.1082 1.0729

d197A (@) | 2.0141 0.1713 0.2103 0.0219 8.5035 10.4399 1.0890

g3 7A (b) | 2.0170 0.1709 0.2103 0.0221 8.4713 10.4280 1.0940

d§198A (a) | 2.0174 0.1740 0.2087 0.0223 8.6250 10.3467 1.1070

&198A (b) | 2.0186 0.1741 0.2089 0.0225 8.6231 10.3504 1.1130

ans_QA (a) | 2.0165 0.1793 0.2034 0.0217 8.8901 10.0870 1.0778

- &9 9A (b) | 2.0208 0.1780 0.2041 0.0216 8.8077 10.0983 | 1.0689
#1959 10A (a) | 2.0645 0.1792 0.2093 0.0205 8.6799 10.1395 0.9913
@19 10A (b) | 2.0659 0.1793 0.2095 0.0206 8.6776 10.1394 0.9972
d19 11A(a) | 2.0296 0.1770 0.2091 0.0202 8.7209 10.3042 0.9953
d13 11A (b) | 2.0306 0.1772 0.2093 0.0202 8.7265 10.3057 0.9948
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a9 1.8 (do) naasTuraniminfivioliilavinliuiks (Loss on drying) Y3unmdniiu
(Total Ash) uaztSanandnflaazanslunsa (Acid-Insoluble Ash) TunsRmimin 2 nfu

ti}’mﬁn Less on | Total Ash| Acid Insol. | % Loss on | %Total %Acic:T
d19 (9) Drying (g) (9) Ash (g) Drying Ash Insol. Ash

#@&31B(a) | 2.0100 0.1743 0.2152 0.0223 8.6733 10.7065 1.1118
d1371B (b) | 2.0140 0.1746 0.2156 0.0224 8.6693 10.7051 1.1122
d192B (a) | 2.0244 0.1748 | 0.2534 0.0218 8.6347 12.5173 1.0769
13 2B (b) | 2.0281 0.1756 0.2539 0.0219 8.6585 12.5177 1.0815
d193B(a) | 2.0417 0.1756 0.2083 0.0210 8.6008 10.2008 1.0286
d133B(b) | 2.0373 0.1747 0.2081 0.0209 8.5769 10.2130 1.0275
d@1394B (a) | 2.0201 0.1785 0.2026 0.0209 8.8380 10.0294 1.0330
d@194B (b) | 2.0274- 0.1799 | 0.2034 0.0209 8.8718 10.0326 1.0292
d135B (a) | 2.0625 0.1813 0.2085 0.0194 8.7921 10.1076 0.9395

d135B (b) | 2.0586 0.1802 0.2083 0.0193 8.7535 10.1169 0.9391 7
@19 6B (a) | 2.1420 0.1891 0.2147 . 0.0209 8.8298 10.0218 0.9742
@139 6B (b) | 2.1437 0.1892 0.2148 0.0206 8.8279 10.0199 E)i5609
@13 7B (a) | 2.1195 0.1872 0.2135 0.0221 8.8324 10.0717 1?07111
d137B (b) | 2.1266 0.1875 0.2143 0.0221 8._8153 10.0787 1.0408
d198B (a) | 2.1227 0.1857 0.2165 0.0218 8.7466 10.1975 1.0270

d@198B(b) | 2.1214 0.1859 0.2161 0.0217 _ 8.7615 10.1851 1.0_213_
d199B (a) | 2.0108 0.1693 0.2084 0.0219 8.4179 10.3640 1.0908
d199B (b) | 2.0140 0.1699 0.2094 0.0218 8.4376 10.3972 1.0824
#1310B (a)| 2.0051 0.1749 0.2085 0.0205 8.7212 10.3970 1.0241
@1910B (b)| 2.0056 0.1751 0.2083 0.0206 - °| "~ 8.7289 10.3876 1.0271
d13711B (é) 2.0034 0.1746 0.2081 0.0205 8.71 52. 10.3857 1.0216
#1395 11B(b) | 2.0032 0.1745 0.2080 0.0205 8.7127 10.3834 1.0217
Fhu'mﬁ?gﬁ 2.1437 0.1892 0.2539 0.0246 8.8901 12.5576 1.1759
Fhﬁ'azlﬁ:?!ﬁ 2.0032 0.1693 0.2916 0.0190 8.2124 10.0199 0.9348

d'lm?;ﬂ 2.0456 0.1779 0.2135 0.0213 | 8.6945 I 10.4394 | 1.0397 |
S.D. 0.0424 0.0051 0.0132 7 0.0012 0.1445 7”(7).6912 1 0.0597
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A319% 1.9 ugestSuranihmnnime liliavin WUy ( Loss on drying )U3anmutnsiu(Total
Ash ) uaztiFunmcni Wazaralunsa (Acid-Insoluble Ash ) Tu@aaenswaRTimin 3 N3

GRRY tf’lﬂﬁn Loss on | Total ash | Acidlinsol. | ‘% Loss | %Total %Acid
(g)‘ Drying (g) (9) Ash(g) |onDrying| Ash Insol. Ash
#191A (a) | 2.9885 0.2577 0.3199 0.0369 8.6231 10.7044 1.2347
#1797 1A (b) 3.0125 0.2598 0.3221 0.0363 8.6241 10.6921 1.2050
#132A (a) | 3.0111 0.2650 0.3791 0.0316 8.8008 12.5901 1.0495
d192A (b) | 3.0142 0.2653 0.3801 0.0319 8.8017 12.6103 1.0583
d@133A(a) | 3.0438 0.2620 0.3099 0.0321 8.6077 10.1814 1.0546
#1393 3A (b) | 3.0651 0.2634 0.3131 0.0319 8.5935 10.2150 1.0407
d134A (a) | 3.0264 0.2682 0.3036 0.0289 8.8620 10.0317 0.9549
d#194A (b) | 3.0145 0.2667 0.3024 0.0285 8.8472 10.0315 0.9454
d#195A (a) | 3.0701 0.2688 0.3105 0.0287 8.7554 10.1137 0.9348
d#195A (b) | 3.0658 0.2676 0.3103 0.0291 8.7286 10.1213 0.9492
d#196A (a) | 3.1795 0.2794 0.3183 0.0346 8.7875 -| 10.0110 1.0882
1819 6A (b) | 3.1598 0.2765 | 0.3164 0.0339 8.7506 10.0133 1.0729
d137A (a) | 3.0211 0.2569 {1 0.3154 0.0329 8.503_5 10.4399 1.0890
a9 7A (b) | 3.0255 0.2563 0.3155 0.0331 8.4713 10.428_0 1.0940
d13 8A (a) | 3.0261 0.2610 0.3131 0.0335 8.6250 10.3467 1.1070
d198A (b) | 3.0279 0.2611 0.3134 0.0337 8.6231 10.3504 1.1130
d@199A (a) | 3.0247 0.2689 0.3051 0.0326 8.8901 10.0870 | 1.0778
d1399A (b) | 3.0312 0.2698 0.3061 0.0324 8.9008 10.0983 1.0689
@17 10A (a)| 3.0968 0.2688 0.3140 0.0307 8.6799 10.1395 0.9913
@13 10A (b)| 3.0988 0.2689 0.3142 0.0309 8.6776 10.1394 0.9972
#17 11A (a)| 3.0444 0.2655 0.3137 0.0303 8.7209 10.3042 0.9953
#@19 11A (b)| 3.0459 0.2658 0.3139 0.0303 8.7265 10.3057 0.9948
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AN 1.9 (@9) usaslSunahnuniivadiarinlduke (Loss on drying) U3unauisy

(Total Ash) uaztSanaumnliazanalunsa (Acid-insoluble Ash) @aagnanafiTimin 3 n3u

GRR Jﬂﬂﬁn loss on |Totalash| AcidInsol. | % Loss | %Total %Acid —‘
(g9) Drying (g) (9) Ash (g) on Drying ash Insol. Ash
@31B(a) |3.0150| 0.2615 0.3228 0.0367 8.6733 |( 10.7065 | 1.2172"
@s1B (b) |3.0210| 0.2619 0.3234 0.0372 8.6693 | 10.7051 1.2314
d@132B (a) |3.0366| 0.2622 0.3801 0.0327 8.6347 | 12.5173 | 1.0769 T
@13 2B (b) 2.0421 0.2634 0.3808 0.0329 8.6585 | 12.5177 | 1.0815
h?ﬁi 3B (a) |3.0625 | 0.2634 0.3124 0.0315 8.6008 | 10.2008 | 1.0286
d@193B(b) | 3.0559 | 0.2621 0.3121 0.0314 8.5769 | 10.2130 | 1.0275
d@154B (a) | 3.0301 0.2678 0.3039 0.0313 8.8380 | 10.0294 | 1.0330
@134B (b) ' 3.0411 0.2698 '0.3051 0.0313 8.8718 | 10.0326 A 1.0292 N
.. &135B (a) 3.0937 | 0.2720 0.3127 0.0289 8.7921 10.1076 | 0.9342
@13 5B (b) |3.0879, 0.2703 0.3124 0.0287 8.7535 | 10.1169 | 0.9294
§136B (a) |3.2130| 0.2870 0.3220 0.0313 8.9325 | 10.0218 | 0.9742
&#136B (b) | 3.2156 | - 0.2887 0.32E 0.0309 8.9781 | 10.0199 | 0.9609
d13 7B (a) 3.1792 0.2808 0.3202 | 0.0331 8.8324 | 10.0717 | 1.0411
haﬁi 7B (b) 531 899 | 0.2812 0.3215 0.0332 8.8153 [ 10.0787 1.0;108
13 8B (a) 3.1841 | 0.2785 0.3247 0.0327 8.7466 | 10.1975 | 1.0270
&198B (b) | 3.1821 0.2788 0.3241 0.0325 8.7615 | 10.1851 1.0213
d139B(a) | 3.0162 | 0.2539 0.3126 0.0329 8.4179 | 10.3640 1.0908ﬁ
d199B (b) [3.0210 | 0.2549 0.3141 0.0327 8.4376 | 103972 | 1.0824
&1710B (a) | 3.0076 | 0.2623 0.3127 0.0308 8.7212 | 10.3970 | 1.0241
@15 10B (b) | 3.0084 | 0.2626 0.3125 0.0309 8.7289 | 10.3876 | 1.0271
@19 11B (a) | 3.0051 0.2619 0.3121 0.0307 8.7152 | 10.3857 1.0216j
d@19 11B(b) | 3.0048 | 0.2618 0.3120 0.0307 8.7127 | 10.3834 | 1.0217
ﬂ"m’mﬁ'a;{ﬂ 3.2156 | 0.2887 0.3808 0.0372 8.9781 | 12.6103 1.2347“
Gi'lﬁfaﬂﬁqel 29885 | 0.2539 0.3024 0.0285 8.4179 | 10.0110 0.92;)4
Fi’]l.aa.zl 3.0638 0.2670 o 0.1;201 7 0.0320 8.7152 10.4543 771 .0483
_ L\SD B LO.OGdf)_ 0008?L 0.@0 i 0.(1021 jt 0.1:272 4‘79.7013 LE.0747_
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a1797 1.10  uaastBunasihminfivnelifiavinlwuws (Loss on drying) 1unmudnsu

(Total Ash) uaziSanantind liazanslunia (Acid-Insoluble Ash) ludaatnanstimin 4 niu

WIRHN

a1 Loss on |Total ash| Acidinsol. | % Loss on| %Total %Acid
(9) Drying (g) (g) Ash (g) 6rying Ash Insol. Ash

@13 1A (a) | 3.6883 0.3316 0.4377 0.0386 8.9899 11.8673 1.0466
d19 1A (b) | 3.7736 0.3343 0.4515 0.0406 8.8583 11.9647 1.0759
819 2A (a) | 3.9045 0.3410 0.5539 0.0602 8.7327 14.1862 1.5418
d19 2A (b) | 3.9928 0.3414 0.5698 0.0628 8.5492 14.2707 1.5728
@17 3A (a) | 3.9842 0.3371 0.4547 0.0427 8.4611 11.4126 1.0717
@13 3A (b) | 3.9778 0.3389 0.4524 0.0421 8.5200 11.3731 1.0584
@19 4A (a) | 3.9969 0.3451 ‘ 0.4106 . 0.0376 8.6338 10.2730 0.9407
d@134A (b) | 3.9715 0.3432 0.4152 0.0369 8.6404 10.4545 0.9291
d@13 5A (a) | 3.9891 0.3459 0.4298 0.0355 8.6700 10.7744 0.8899
a3 SA (b) | 3.8605 0.3443 0.4135 0.0333 8.9188 10.7110 0.8626
@19 6A (a) | 3.8452 0.3595 0.4410 0.0481 9.3492 11.4688 1.2509
@13 6A (b) | 3.8901 0.3558 | 0.4475 0.0485 9.1454 11.5036 1.2468
d197A (a) | 3.8975 0.3305 0.4454 |  0.0439 8.4809 11.4278 1.1264
#13 7A(b) | 3.8981 | 0.3298 0.4451 0.0441 8.4598 11.4184 | 11322
@19 8A (a) | 3.8769 0.3358 0.4362 0.0441 8.6621 11.2513 1.1384
d19 8A (b) | 3.8772 0.3359 0.4326 0.0438 8.6647 11.1575 1.1297
@19 9A (a) | 3.9820 0.3460 0.4381 0.0398 8.6887 11.0020 1.0005
d199A (b) | 3.9826 0.3471 0.4385 0.0396 8.7165 11.0104 0.9943
&13 10A (a) | 3.8976 0.3459 0.4375 0.0390 8.8736 11.2249 0.9998
&13 10A (b) | 3.8981 | - 0.3460 0.4372 0.0384 8.8757 11.2157 0.9851
#1979 11A (@) | 3.7698 0.3416 0.4261 0.0399 9.0618 11.3030 1.0576
a9 11A (b) | 3.7687 0.3420 0.4259 0.0398 9.0746 11.3010 1.0561
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MINN 1.10 (do) naanfTunahwinimadiarliuis (Loss on drying) Usanmitniiu
(Total Ash) uazifSanoudnf liazanslunsa (Acid-Insoluble Ash)luagnansthniin 4 niu

s #1WIbN| Loss on | Total ash |Acid Insol.|% Loss on | %Total %Acid -

(9) Drying (g) (9) Ash (g) Drying ash Insol. Ash
d#131B (a) | 3.6084 | 0.3365 0.4466 0.0694 9.3244 12.3767 1.9233

#171B (b) | 3.8282 0.3370 04774 0.0729 8.8025 12.4706 1.9043

d19 2B (a) | 3.9981 0.3374 0.5845 0.0694 8.4381 14.6194 1.7358

d19 2B (b) | 3.9985 0.3389 0.5835 0.0702 8.4759 14.5930 1.7557

@19 3B (a) | 4.0000 0.3389 04773 0.0517 8.4727 11.9325 1.2925

@19 3B (b) | 3.9986 0.3372 0.4800 0.0511 8.4338 12.0042 1.2779

d194B (a) | 3.9843 0.3446 0.4239 0.0418 . 8.6482 10.6393 1.0491

d194B (b) | 3.9683 0.3471 0.4189 - 0.0413 8.7479 10.5562 1.0407

d135B (a) | 3.9993 0.3500 0.4232 0.0378 8.7509 10.5819 0.9452

#1719 5B (b) | 3.9983 0.3478 0.4262 0.0366 8.6983 10.6595 0.9154

#196B (a) | 3.9931 0.3693 0.4377 0.0418 9.2478 10.9614 1.0468

#7135 6B (b) | 3.9926 0.3586 0.4349 0.0409 8.9815 10.8927 1.0244

&3 7B (a) | 3.9740 0.3510 0.4269 0.0414 8.8324 10.7432 1.0411

d13 7B (b) | 3.9874 0.3515 0.4287 0.0415 . 8.8153 | 10.7506 1.0408

&13 8B (a) | 3.9801 0.3481 0.4329 0.0409 8.7466 10.8774 1.0270
#13 8B (b) | 3.9776 0.3485 0.4321 0.0406 8.7615 10.8641 1.0213
#199B (a) | 3.9211 0.3174 1 0.4168 | 0.0411 8.0941 10.6298 1.0488

#19 9B (b) | 3.9273 0.3186 0.4188 0.0409 8.1131 10.6638 1.0408

#13 10B (a) | 3.9099 0.3279 0.4169 0.0385 8.3858 10.6636 0.9847

@15 10B (b) | 3.9109 0.3283 0.4167 0.0386 8.3932 10.6539 0.9876

d1711B (a) | 3.9066 | 0.3274 0.4161 0.0384 8.3800 10.6520 0.9823

d17 11B(b) | 3.9062 0.3273 0.4160 0.0384 8.3776 10.6496 0.9824

@hmnﬁqﬂ 4.0000 | 0.3693 0.5845 0.0729 9.3492 | 14.6194 | 1.9233

ﬁ1ﬁaﬂﬁa;ﬂ 3.6084 0.3174 0.4106 0.0333 8.0941 10.2730 0.8626

ﬂ"uagﬂ 3.9203 0.3411 0.4472 0.0446 8.7034 11.4092 1.1403

SD 0.0896 0.0104 0.0436 -0.0100 0.2859 1.0901 0.2634
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1.3.5 msradSanaauzwlniaun (Moisture content) laaifarsnawuyy

Azeotropic
99 1.11 ugasSnaninlumaiersfsiaun Tagdinsnauuuy Azeotropic
.01 (g) sanoming n USanaing n| Usanaminduae | % Usunmaanadn
a5 1A | 30.0623 2.81 0.35 2.46 8.183
d@s52A | 30.0165 278 0.32 2.46 8.195
d33A | 30.0125 2.63 0.36 2.27 7.564
d194A | 30.0125 2.61 0.32 2.29 7.630
@13 5A | 30.0215 2.61 0.35 226 7.528
@13 6A | 30.0254 2.68 0.35 2.33 7.760
@5 7A | 30.0265 2.73 0.37 2.36 7.860
@19 8A | 30.0198 2.97 0.31 2.66 8.861
15 9A | 30.0541 2.85 0.36 2.49 8.285
415 10A | 30.0743 2.86 0.32 2.54 8.446
a3 1A | 300121 2.86 0.36 2.50 8.330
@318 | 300145 2.84 0.32 252 o 78.7396‘
#17 2B 300112 | 2.76 1 0.38 2.38 7.930 |
d133B | 30.0125 2.64 0.29 235 7.830
@548 | 300165 |  2.63 030 2.33 7.762 N
@558 | 300214 2.62 0.32 230 7661 |
d136B | 30.0215 2.70 0.31 2.39 7.961
1578 | 30.0312 2.75 0.35 2.40 7.992
41588 | 30.0123 2.98 0.35 2.63 8.763
d159B | 30.0152 2.87 0.34 253 8.429
d1910B | 30.0213 2.88 0.35 2.53 8.427
&15118B | 30.0320 2.85 0.32 2.53 8.424
@hmnﬁqﬂ 30.0743 2.9800 0.3800 2.6600 8.8608
dqﬁaﬂﬁqm 30.0112 2.6100 0.2900 2.2600 7.5279
 duads | 300249 | 2.7686  0.3364 24323 81008 |
SD 0.0171 01168 | 0.0242 0.1156 0.3841 |




1.3.6 USanmBsdna ( Extractive value )

MR 1.12 ugastSunmiiana (Extractive value) lugnagnanaioiiun
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waviin | water Soluble | %Water Soluble M1MWn | Ethanol Sol. |%Ethanol Sol.
No(g) Extraction (g) Extraction #Ha81(g) | Extraction (g) | Extraction

d13 1A 5.0021 1.3245 26.4789 5.0012 0.8243 16.4820
d17 2A 5.0012 1.3265 26.5236 5.0014 0.8126 16.2475
d@133A | 5.0065 1.3568 27.1008 5.0012 0.8542 17.0799
d17 4A 5.0026 1.3254 26.4942 5.0042 0.8213 16.4122
d13 5A 5.0014 1.3265 26.5226 5.0012 0.8236 16.4680
d@136A | 5.0012 1.3314 26.6216 5.0032 0.8254 16.4974
d197A | 5.0036 1.3324 26.6288 5.0030 0.8263 16.5161
d158A | 5.0098 1.3201 26.3504 5.0041 0.8215 16.4165
d139A | 5.0021 1.3256 26.5009 5.0051 0.8246 16.4752
d19 10A | 5.0047 1.3650 27.2744 5.0032 0.8231 16.4515
d@311A | 5.0094 1.3250 26.4503 5.0061 0.8223 16.4260
#8197 1B 5.0014 1.3254 26.5006 5.0032 0.8264 16.5174
" @17 2B 5.0062 1.3246 26.4592 5.0043 10.8325 16.6357
17 3B 5.0032 1.3254 26.4910 5.0042 0.8265 - 16.5161
§174B 5.0012 1.?;250 26.4936 5.0012 0.8275 16.5460
d19 5B 5.0021 1.3025 26.0391 5.0023 0.8235 16.4624
#17 6B 5.0064 1.3243 26.4521 5.0021 0.8216 16.4251
#1378 5.0012 1.3250 26.4936 5.0036 0.8356 16.7000
&17 8B 5.0036 1.3264 26.5089 5.0042 0.8216 16.4182
#1998 5.0043 1.3258 26.4932 5.0032 0.8245 16.4795
d1910B | 5.0041 1.3320 26.6184 5.0062 0.8225 16.4296
d1911B | 5.0012 1.3199 26.3909 5.0014 0.8264 16.5240
Fi'lannﬁz!ﬂ 5.0098 1.3650 27.2744 5.0062 0.8542 17.0799
ﬂ"l‘lti)?.lﬁé!ﬂ 5.0012 1.3025 26.0391 5.0012 0.8126 16.2475
?i'lmaiﬂ 5.0036 1.3280 26.5403 5.0032 0.8258 16.5057
S.D. 10.0026 0.0122 0.2415 0.0016 | 0.0077 0.1550
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1.3.7 USsnmnsdwiilowalslanzuivn (Heavy Metal Contamination)
Tas35 Atomic Absorption

a7 1.13 uaasSunasmsuweuaislansniin (Heavy Metal Contamination) las3%
Atomic Absorption lu@lasnIHINTIILN

J’m%‘(ﬂm (9) Lead content ( ppm) ron content ( ppm)

a5 1A 2.9885 0.612 | 89.84
a52A | 3.0111 4377 227.36
a13 3A 3.0438 5.112 40.05
&3 4A 3.0264 0.823 63.05
d13 5A 3.0701 1.681 52.96
q135 6A 3.1795 0.255 58.15
d13 7A 3.0211 0.659 124.39
@15 8A 3.0261 0.668 32.05
@13 9A 3.0247 1.246 59.97
d13 10A 3.0968 0.488 | 70.69
d151B 3.0150 0.431 35.36
a7 2B 3.0366 1324 80.12
@19 3B 3.0625 0.790 22.69
a13 4B 3.0301 0.620 61.98
d13 5B 3.0937 1.063 41.96
413 6B 3.2130 1.292 . 82.01
d1578 3.1792 0.390 47.78
@15 8B 3.1841 1.018 62.62
&13 9B 3.0162 0.935 | 96.05
d15 10B 3.0076 1.503 55.23
Aanniiga 3.2130 5.112 227.36
Aasiiga 2.9885 0.255 22.69
Auafg 3.0663 1.264 70.22
S.D. 0.0688 1.257 44.14
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Han1IaIRaulduadIdasud @uasan 1.7 wudnelagnsfiinandnsn

Jmm 22 @red1 ldauaduSunaiilasuuvinny 0.7870 + 0.0367 Iﬂuﬁmgaq@

0.8495 uazdeIga 0.7326 wWansaTmevladd ninud (ldannnd 2%) e

Ltwugﬁﬁ 1

msigsdsaududranatitasanlunsinaradsundnen latauaaunnisvin

AANUTZDIA LLa:ﬁmsmuquﬁm’mﬁam:wham‘sﬁ’mﬁ?’mtazauuﬁa

2.2000

2.0000

1.8000

1.4000

% Foreign Matter

1.0000 -

0.8000 A

0.6000 -

1.6000 4—

1.2000 1 —— -

. MEAN = 0.7870
aa - V]
HHUNUN 1 1A % Foreign Matter ¥99WIIVIVINIBB N
SD =0.0367
Not more than 2%
0.8321 N - E
01958 0 7698 752, 08265 0.7985 " 0.7958 - og 07698 0.7895 08256 08236 o oo 07895 08154 07546 07326 07546 01365

1A 2A 3A 4A SA 6A 1A 8A A 10A  11A iB 2B B 4B 5B [3:] B 8B 9B 0B 11B

R0 TIUNAIBE 1

UHUATIN 2 UEAI% Loss on Drying ¥8IRANTIUNAIBLN 3 nFN MAX = 8,7981 MEAN = 8.7152

MIN = 84179 SD =0.1272

Not more than 14 %

on Drylng

% Loss

FUNNIUNAIOE1 3 N3N




o4

namInTRFautminfims o lwuss (%Loss on Drying) MueN397 1.8
wuhdmatafiandnmiuan 22 gredn Idduads 87152 + 0.1272 fidngaga
8.7961 fnéhan 8.4179 tnaiianasgwinvuaii litfin 14% Fauadluusmgd 2

HAMIATIIFEBLLTIN AN (% Total Ash) euansafi 1.8 wuiidatned
Hanfinengiuau 22 daes ledadslZunm 10.4543 +0.7013 LLa:?ﬁmgoqm 12.6103
v‘iw‘hq@ 10.0110 INUFINAIW LilAn 17% GTaLLam‘luLmuQﬁ 3

lmq»‘:ﬁ 3meNYeTotal Ash B0BHTIUN06 1 303y MAX = 12.6103 MEAN = 10.4543

MIN = 10.0110 SD =0.7013

Not more then 17 % ~ _ —

%Total Ash

MBI 30T

namIasaraulTunant i liazanolunsa (%Acid Insoluble Ash) eua1319H
1.8 WuindmadAandnms uIn 22 a1t laeaiutdunm 1.0483 + 0.0747

IR 1.2347 A6gA 0.9194 nuFanasg WiLiiu 7% dauaasluuauni 4



%Acld Insoluble Ash
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as ~, “ o MAX =1.2347 MEAN = 1.0463
URUJUN 4 UTAI%Acid Insoluble Asb YOIHITIWIUNAIOE N 3 DTU

MIN =0.9294 SD =0.0747

Not more than 7 %

1.0000
.0000
Ny > Y > ) > D Y > »
A\ A A AP N \® > > P
x AF K2 K3 o o v < ot oF N ® ®

RN IUNFIDT W 3 n5N

& . P :
HANIATIAFEB VLTI MANTU (% Moisture Content) @1aATWN 1.11. Wy
gatuMmihindnednuin 22 @28t Tad1ady 8.098 + 0.3804 tNTTINAITTIRAINUA
.o as .y A 3 ol b =4 as ] N .y
Litfin 10% dauaasluununil 5 Gauaarinitnseuuiidiadnananzand

uRUgIT 5 1A % Moisture Content YosketiUndanta  MEAN =809

SD =0.3804

11.000

. Not more than 10 % .
10.000 —

8763
9.000 8.446 8.429 8427 8.424]
8.097

8183 8.195

8.000

7.000

% Moisture Content

6.000

5.000

1A 2A 3A 4A 5A  6A 7A BA 9A 104 1lA 1B 2B 3B 4B SB 68 7B 8B 98 10B i1B

HIgUNMIBEA
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U 6 WA %Water Soluble Extraction vasramiduaethy  ToAn - 26:5301

SD=0.0784

28.0000

26,6288 26.493626 6338 26.5089
267013

27.0000 -7 yTRR6 36 2EAILIS

266216
5226

26.674¢ 26 A184
26.4303255009 26,3503 25-500536,455225 3910 36.452126.39%6 763937 26 3851

A0l o nnnnilnonnnoin

26.0000

25.0000

24.0000

% Water Soluble Extraction

23.0000

22.0000 T T T

T T T T T T T T T T Y Y T Y

1A 28 3A 4A SA  6A TA 8A  9A 10A 1A 1B B 3B 4B 5B 6B 78 8B 9B 10B  1iB

HoIURI 188N

HANIATIRAUYT N URIIENANaza181iY (%Water Soluble Extraction) a1u
a3 1.12 wudaagefiundnudnuiu 22 aredne ladaie 26.5301 + 0.0784

eI uiue Livasnit 24% asuaasluwnunil 6

: MEAN = 16.5012
aa o )
UAUAUN 7 14aAN %Ethanel Seluble Extraction Yo3R#1UIUNAI08 13

SD =0.0761
18,0000
16.4820 16.4752 16 5460 16.6300
. 16 6200 16.4680 166160 16.4513 16.6357
= 170000 4 16aaTs = ) 513168194 165161 64624 152925T 16498645
£ 16.4122 16.4574 - 16.4260 ! __ 16,425
= o - _ __ -
— — — .

g ] ] 1 N ] 1
; 16.0000 14—
[
=
=
=] 15.0000
°
wl
°
S 140000
2
= Not |egs thah 15 Yo
e}
RN 130000

12.0000 T T T T

T T —T T T T Y T — T T T T T

1A 2A 3A 4A SA - 6A A 8A %A 10A  11A 1B B 3B 4B 5B 6B B 8B 9B 108 1B

HAg NI UAAIBEN

HaNIAMIFIULTINMEIIRNANIaza Lethanol (%Ethano! Soluble Extract) au
17197 1.12 wundmagafhunfnumniiuwiu 22 arede ladaids 16,5012 + 0.0761

inuinasguinue lidaonin 15% dauaasluununi 7
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o . . u MEAN = 1.264
HHUGQUN 8 wasad3mnunsi PPm YAAHITIVIUNAIBE N

SD = 1.2566

12.000

- Not more than 10 ppm

10.000 ——

8.000 - —

¢fVIppm

eI

1A 2A 3A 4A SA 6A TA 8A 9A 10A 1B 2B B 4B sB 6B 7B 1:] 9B 10B

HADNUNAIBE 1

HANIATIIFOUUTMEIIALND (Lead Limit) @1ua1337 1.13 WUt
Mandndiuau 22 drab19 lad i 1.264 + 1.2566 ppm INHANAIFIRIAUA T3]
\fis 10 ppm AsuaAIluLHWAT 8

. MEAN = 702157 .
ur ki 9 uaaalSneundn ppm voansanIvAA IRt
SD = 44,1353

250.00

227.36

200.00 1

Not more than 100 ppm

150.60 +

USwnounin ppm

63.05

8.
5296 3815

40

.05
A 2A 3A 4A SA GA TA

32.08

8A

9A

41.96

5B

5000 - 33

36
0A 1D 2.

0.00

Hag NIUNAI8E 1

B

4B

NANTATIIRAULUTINMEITIAEN (Iron Limit) @18e13197 1.13  WUdnaladin
Hhandnmduin 22 arabe ladiade 702157 + 44.1353 InaNasgIuinue 1
1iu 100 ppm dauaadluununil 9 wuTaanIuIgla It YT ananLAuIn e

ﬂﬁ@j']awwﬂmnnﬁsﬂu,L'ﬂauawnﬁwuwmwaﬁlf‘lunwsﬂgn



A =J L [ -1 L . -l Q'
f79N 1.14 agﬂmmLﬂﬁ:vi'qmawﬁ?mwmumwwaomamomwwmunmuunummgm

[ a aa
agﬂuamsammzﬁqmauumma N18nTN

wadansiased ANFIFR Arenge  |aade SD.  |INMANIINTZIH Ha

% Foreign Matter 0.8495 0.7326 0.7870 0.0367 [lixvnnin 2% (1) AUNINTZIN

% Loss on Drying 8.9781 8.4179 8.7152 0.1272 [Liwnndn 14% (1) ANNIATIIN |
%Total Ash 12.6103 10.0110  |10.4543 07013 |ldnnnin 17% (1) AUNATZIN

%Acid insoluble Ash 1.2347 0.9294 1.0463 0.0747 J‘lu’mnn’h 7% (1) AINUINTTN

% Moisture content 8.8608 75279 [8.0978 0.3804 J‘l&i‘l@?ﬁmu@ (3) aTldiin 10%

%Water soluble Extraction  |26.7013 26.4302  |26.5301 0.0784 [laisleenin 15% (1) MUNINTTIN

%Ethanol soluble Extraction |16.6800 16.4122  [16.5012 0.0761 |livasni124% (1) ANVIATFIN

Lead content ( ppm) 5.112 0.255 1.264 1257 [ldwnnd 10 ppm (2)  [@wunaIgIn

Iron content ( ppm) 227.36 22.69 70.22 " |44.14 J‘lai‘lﬁﬁmu@ (3) Wms‘lmﬁu 100 ppm

k 1) Standard of Herbal Medicine,Vol 1 Published by Asean Countries

(2) Thai Herbal Pharmacopoeia Vol 1-2

(3 )Iﬁﬁﬁwwumﬁa Standard of Herbal Medicine,Vol 1 Pubished by Asean Countries LLé:Thai Herbal Pharmacopoeia ,Vol 1-2

8¢



59

ks T 4 1 a a  as
2 Msdnmdayafingmndinadoamanemzyasarsanataun

mifnmamsanathunieldiimsidnlumssangniidnarpuasisuilusdasinm
ﬁagaﬁugm‘uaoﬁm LEUN TN qgmnﬁmﬁ'm dwppaR T ansddny mqmaadmﬁ‘nﬁ Ay
Ao mavesiinouaiuas fludu uanmnifutTwTaoﬁnmmmummﬁ'ﬂua:ﬁﬂﬁu‘%qﬂ%f %3d
ﬁ;ou‘%qﬂ‘ﬁr Aulsmdundoitldsunsdnnlulasansisod 1)

Tuns@nedananadiadusiu Lﬂéﬂdﬁﬂﬁﬁ’]ﬁtgﬁﬁj@ﬁa IFn1saaiensiansdag
@TaaLfJuﬁ%‘ﬁﬁﬂ’nugn@Tao wazmsnaanasianlandluisaansemana nszuaums
muquqmmwﬁgnﬁaﬁaa‘hLﬂuf%m?umsmﬁagaﬁugm

"‘J%‘-msmaﬁﬁmﬁsﬁmséwﬁmﬁLﬂuﬁﬁwlﬂuﬂﬁ]qﬁ'uﬁnLﬂu"“s%?immmﬁnmmmmﬁa
VINRAN AR L6 é’afulmmﬁ%’ni{’a’njoﬁwuﬁ%%Lﬂﬂ:ﬁé\"’mlﬂ%‘aa High Performance Liquid
Chromatography (HPLC) LLﬂ:ﬁ'@‘l@Tﬁﬂﬁwmﬁnﬁ'ﬁﬁdwzJLm:smL'%’Jn'hLwimmgnﬁaauajuﬁw‘iw
91 W3t Thin Layer Cromatographic Densitometry (TLC-Densitometry) 38nnsvinaass
ﬁ]:@'\’aomumiﬁgﬁlﬁmmlﬂﬁmmnmsﬁuu:ﬁﬁmmgmmao International  Conference in
Harmonization (ICH)

nnmadensimdTinumsidgdilaimualiaamms titerpene 4 Tl a1
Tavmsidulugiuvaslasamsdundsing uaz AIngn aaaaaud NI INAIUILNRTA A
' mséwﬁmﬁQJﬂsawﬂumu"‘ﬁm{ﬁa Madecassoside, Asiaticoside, Madecassic Acid Uac
Asiatic Acid. .

Tunudiens suiludeaiannamanasgiuldau (Working Standard) Galasnalilans
S nasgaindinangs 1umu%’mfﬁujoﬁwuﬁ%m§wmsmmyu’[ﬁmmaa launydlivasans
Madecassoside Laz Asiaticoside &u15aLassulaarun1Iin Preparative Chromatography L8z
ausnunsansdn Tuwmsfi Madecassic Acid uaz Asiatic Acid a3 ldlasdsmsdaascy
naLall msmm;@ﬂunnﬁ’aﬁm‘%ﬂu‘lﬁﬁmmumsmmﬁqfuﬁgmimoa%a laglfinafianis

1 13 A o ¥ oo aa - “ o
H-NMR, C-NMR, IR U8z@398UsUs1a828n13 HPLC uaz TLC LY]UUHUE‘T’]TN’]@T;@’]NU;@N

a

nil
dt:i.n & ar P | ;:: p=) Av . P4 Qv ar ad ]
nIGNIeNERaNTananis thasaniznsduitlendraguan Jaldwawitiadow
o ] v ‘! & A’ A = v a e .
@10t IR Rz NN mmwammqmﬂmmmao column MIWAMLALT solid phase

a

extracton  UarWaw EIIazansnTzasUuion uararazanoiszasdny Inyiians
ar ] A I3 ° v ~ A J
dadwliazaatisvilinanmyiianzigndasunniu
Tuudsoildduanuhaiioananiwidsinsmansuannalulad (2.2.) lasdl a3,
Uoz 1wdundu lunisdamriuiiiund13gain 12 unds uaziininwizlgnluwdaslgnd
sotuy nafliiadnadulsdrs giidesviolndidosnulundasiug daiunnlanizaiadng
. € L g ar (=3 a P v o ar
udaziudslalanluanzaduiwiunolunailndifiganu
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tﬂ' v o A’ v 9 J ﬂi‘ [ a a = A
walwnwideilddayanuginfiminzasdanisvawiluszdugaainnssy 3ola

insansnmiinasszddgluihunildinmawnzalaniiemsmdadiiudmom 3 unds

fa MTmTaunslyn guanemil uazuasaisITuns lasiinsenamidinuasédy

gy & X A @ . P & A
aaaaia 1 1 mifdaldnnusisnafimansalumaiuiien

wonnnitldansu B sudsuinamsiuluasinly Wisuifiounssesusinaass

- Wl = o o 1 A ~] oA
Pinmas uazlddnmtsanuasivassianalugniasiduiuwitnasgriunimagauainy
AINILiDINn

’ ‘ﬂ‘ v o el Qs . A’
minaaasd g lavnmsanasauiinaaidaluii

21 nmstinuazmMsiiusnsalagg
apgNATIZONLALNN G Fandi7 2 veaiion mudidanuniay Babuwnay 1
w.e. 2546 (oniiuludemumon Lﬁaomnmmmimgnﬂqm‘hms) 3N 2 undalgn
Tuwdmiauanlgy lasfudossfsaaasiazlszanm 10 Alandy Fufiotanauliiuk
uFenwdatiminilszanm 1 Alansu Lﬁuagluqawmaan 3 Twieilosnudaven
Fratensildsumnantudteinmaaaiuarinaluladldifvandimia
dolit  Usdu .(CA1) WAIATTITUINT (CA2) quasnmﬁ (CA3) @31 (CA4)
UASASIFIINIIT A8NQ (CA5) 33883 (CA6) TaY3 (CA7) UAIINTHRIN (CAB) glunip
(CA9) iBpalmal Mwdina (CA10) Awmlan (CA11) uaz WHnalna (CA12)
2.2 MIANOUATNISUBNETT triterpenoid glycoside
Haaanatiaun 300 N3N §28 70%  methanol At uaaumMINanas 9zl
ALNDUVDY triterpene glycoside 4.936 NTY (HRHRA 1.65%)
2.3 A1SLAT Y Madecassoside, Asiaticoside, Madecassic acid L8z Asiatic acid siln
CRRHE LR TN LA RN

231 n151@58) Madecassoside wag Asiaticoside

QAzNaWVaY triterpene glycoside 100 UaANIN &NIOLINDANILT K
Asiaticoside 22 HafNIN (HAaWR®A 22%) WAz Madecassoside 25 Na&niw
(HAHAA 25%) Iﬂﬁl’ﬁﬂaii"uﬁﬁussqﬁm siica gel TwmMIlLensITUARZAINATTE
&8 dichloromethane Uas methanol Tufadufiwunzas

2.3.2 n15L@588 Madecassic acid taz Asiatic acid

iasunanlussTumd Yauniivsunm aglycone oy goiulumsiadon
aglycone tielfiiuaninasguldou Sae3uuanmslasm glycoside 1ilu
aglycone lagl41fjn3un alkaline hydrolysis

@A=NaUVDI triterpene glycoside 2.5 NI Lﬁagn hydrolysis @28619ULR7

v« a a A A
IWiuaznauwuad aglycone 1.4 N34 (HANA®A 56%) TINawunaznanyad
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aglycone 100 Ia&NJY Iﬂﬂl’ﬁ’ﬂﬂﬁ&lﬁﬁﬁ‘j‘iiﬁ’m silica gel latilu Asiatic acid 22

Va8NI (NANEN22%) ez Madecassic acid 25 JaaNTN (NANAA 25%)

2.4 psiavilananyMinas triterpene glycoside e aglycone
u

Triterpene glycosides LR aglycones ﬁLmn'l@YmmmﬁgaﬁLané’nwm‘lauﬁﬁnwa
chromatography (TLC Eﬂﬁ 2.1 Uar HPLC Eﬂﬁ 2.2) WAz spectrophotometry (IR 3‘1]17;
r 4
2.3 uaz NMR 3Uh 2.4 uaz 3U# 2.5)

2.41 TLC methods

A1 Rf V09 Madecassoside, Asiaticoside, Madecassic acid Was Asiatic

d‘ s v s o as A v a
acid fiusnlediiiny 0.37, 0.48, 0.77 uar 0.92 MUSIAY TIFOAARDINUAS
NAsU A93UH 2.1

® ®
o o
o o
o o
------ T I L E T B
M A M A A A 1G 2G 1A 2A

Eﬂ“ﬁ 2.1 TLC chromatogram 2838130103314 Madecassoside (M), Asiaticoside (A),

Madecassic acid (MA), Asiatic acid (AA) Llﬂ:miﬁiﬁﬁl’mm‘i Lgn Madecassoside
(1G), Asiaticoside (2G), Madecassic acid (1A), Asiatic acid (2A)

2.4.2 HPLC methods

f1 retention time a9 Madecassoside, Asiaticoside, Madecassic acid

: v . e o o

Las Asiatic acid ‘ﬁLLUﬂ‘lﬂL‘Y\’mU 34, 54, 6.3 LAz 18.2 ‘W]ﬁ FIUIIAY T3
FAAARBINUAIINNATIIU AI3UT 2.2
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Eﬂﬁ 2.2 HPLC chromatogram 2838134197311 madecassoside (a), asiaticoside

(c), Madecassic acid (e), Asiatic acid (g) LLa:a’l'iﬁLLUnvléf Madecassoside (b),

Asiaticoside (d), Madecassic acid (f), Asiatic acid (h)
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3‘1]“71 2.3 IR spectrum 2p3a1TLeNle Madecassoside (a), Asiaticoside (b),

Madecassic acid (c) Waz Asiatic acid (d)
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2.4.3 IR method

Eﬂ‘ﬁ 2.3 uHad IR spectrum UdIRNT triterpéne glycosides az
aglycones Ba3E LN le
" IR spectrum (31] a uaz b) 183 triterpene glycosides _ﬁv'\i 2 siia
(Madecassoside Wa: Asiaticoside) 3 broad band ‘Ydi 3411 cm-1 §mIy
OH stretching, 1735 cm'1 §1MIY ester carbonyl stretching, 1647 cm'1
&MU C=C stretching , Waz1064 cm §1%3U C-O stretching
IR spectrum (Eﬂ ¢ Wae d) 183 aglycones ﬁvh 2 1@ (Madecassic
acid Uaz Asiatic acid) i broad band ﬁ 3429 cm'1 f1%IUOH stretching,

1692 cm’' w3 carboxylic carbony! stretching, 1035 cm §M3Y C-0

stretching

244 NMR method

JUfl 24 uaz 25 usAI H-NMR spectrum WAz | C-NMR
spectrum maamsﬁuun‘lﬁmuﬁ’lﬁu

#Iu 1H'-NMR spectrum (500 MHz) U83 Asiaticoside ﬁuﬂn‘lﬁ
LLamﬁtytymﬂwﬁ’m 0.5-1.2 (4 s WAz 2 d 1839 6 methyl group), 5.14 (t,
1H-12) uaz 2.10 (d, J = 10.98 Hz, 1H-18) Fananuauaaaind A'-ursene
skeleton Tuduvasianauaas "H-NMR spectrum uaaa 3 doublet 183
anomeric protons (¢ 5.18, J = 5.8 Hz; 5.16, J = 8.24 Hz; 4.84, J = 4,88
Hz) §1MIu 1H—NMR spectrum (500 MHz) 2189 Madecassoside ﬁLLUﬂVLﬁ
LLamEYtyzymewrha 0.7-1.2 (4 s udz 2 d W23 6 methyl group), 5.14 (t,
1H) W&z 210 (d, J = 10.98 Hz, 1H) Fensnuauaasirfl A “-ursene
skeleton‘luﬁhumao‘li’mwauam 1H—NMR spectrum 183 3 doublet VaJ
anomeric protons (o 5.15, J = 5.8 Hz; 4.25, J = 7.93 Hz; 4.85, J = 4.87
Hz) wenanitlu "H-NMR spectrum fOUaaadtyanmil 4.04 989 ~CHOH-
(dd, 1H)

FI1IU 13C-NMR spectrum U239 Madecassoside 1z Asiaticoside
fuonlduanodyanmil 175 ((COOR), 137 uaz 124 (-C=C), 60- 100 (17
C 283 sugar and C-2 and C-23 a3 ursene skeleton)

d w3y 'H-NMR spectrum (300 MHz)183 Asiatic acid fuon'le
LLa@Né’{ymv’]m‘lwﬁ’m 0.7-1.2 (4 s uaz 2 d Va3 6 methyl group), 5.18 (t,

4 & y 12
1H) Uaz 2.12 (d, J = 10.98 Hz, 1H) TININNALRAITIA A -ursene

skeleton
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§U5U H-NMR spectrum (300 MHz) 183 Madecassic acid fiuon
IeuansFyanndusie 0.7-1.2 (4 s waz 2 d 189 6 methyl group), 5.18 (t,
1H) usz 240 (d, J = 10.98 Hz, 1H) Famanuauaadingd A -ursene
skeleton. WaNaNHlu 'H-NMR spectrum SILaaIdy il 4.04 va9 —
CHOH-(dd, 1H)

CRNIT 13C-NMR spectrum V843 Asiatic acid ez Madecassic acid
ﬁuun"lﬁuama?zyrgwmﬁ 175 (-COOR), 137 WAz 124 (-C=C), 76 (C-C=0),
60-70 (3C-O)

ﬁagaﬁ"’lﬁﬁa TLC uwaz HPLC fludwin ssmeaiedoaldaseny
§13U1AIZIU UASTBYRNN IR, "H-NMR, PC-NMR finguldimuiuindu

817 Madecassoside, Asiaticoside, Madecassic acid Waz Asiatic acid
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Sﬂﬁ 25 13C-NMR spectrum U834 Madecassoside (a), Asiaticoside (b), Madecassic

o

acid (c) 8z Asiatic acid (d)
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245 QmMENTIANIINENN

PAINADULNAIVDY Madecassoside, Asiaticoside, Madecassic
acid uas Asiatic acid ﬁLLUﬂiﬁﬁa 215-217, 231-232, 266-268 uaz 305-

307 BaraaLEuE anNusIeY
2.5 miwm’nulﬁ‘qn%{mao Madecassoside, Asiaticoside, Madecassic acid

waz Asiatic acid tﬁa‘lﬁlﬂumsmmgm‘l%’a'm (working standard)

admnAuildnsasmanasguldnuiisufva nanasgusids
WU Madecassoside, Asiaticoside, Madecassic acid Uaz Asiatic acid filHiiu

L4 s o J 1 [ ¥ )
msmmgm‘lmmumﬂfnuusqnmmmJ 95.55%, 101.3%, 98.98% WAz 98.09
% ANUAINL

2.6 NMSARAWIIFNISIATHUM B
26.1 A1TNRAWIIZNTENAFITEONINNN1BL1INY
lumsanaasasnNa18tNINTAILID reflux 928 60%, 70%
Was 80% methanol 1iwaa1 3 Talus WU 80%  methanol 3
ﬂ'nummsnlummﬁémsaanmmnﬁqﬂ waifiosaniedasgruag
methanol E‘iogoﬁaﬁﬂﬁﬁ chlorophyll ua:msﬂuﬁ]auﬁuq panuNluaNs
anainnyinliin3aianliud 80% methanol lumsanaans
wenanisaldimamnafimanzsulunsstassoanynan
8813 wuin Winaasieaninlumsadaiutua s ilslunis
81O IMNTTNIIWANNT 80 Wit e 1.5 Talus USunwasasiuans
ana ldulsiuaaa fe ﬂ‘immﬁauﬁnmﬁﬁauamﬂugﬂﬁ 2.6
srinlumssiasmsaanandiaing Savilasnas reflux wafaun
5 gm &8 80% methanol 1ilwaa 1.5 F2laa

2.6.2 AIITNAIWIIZNILASoNA210819028 Solid Phase Extraction
(SPE)
iasanandatnfihandensdiiuassnaansirumd vld
3NN UEZENNMIBHNGILINATANY SPE  fauinmiilaziens
HPLC Lﬁaﬁﬂmqmﬂ’ﬁmumaa column  luiwusnldmiaavinazannd
M= aE UM T A9 EIT a1luaaninaneetnanow FIWLIN 10%
acetonitile  lwiiluaarazasfiiwuirauiiosnnsnaansnsedg
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FRalusanunainalatng leaninia ua wedessnaulasanuiann

SPE cartridge

a & o o P o o PR
URIITIMNURRIAINIRCRIU LRV TURIRTUNNTESRIIN @R BINNT

aanunan SPE cartridge FINUi 45% acetonitrile L phosphate buffer

duartazasigiunsasea1iaadn1saanunain SPE cartridge 16

(97-103% recovery) laglun1sozansuaazass arlsarazaioaiaas 1

ml 7171 3 059 WU dinTawlunsszaniinisisarvinasaiy 3 mi

luasa@en

3UN 2.7 w&@3 HPLC chromatogram wadsnsanaiilaru SPE

cartridge \fisuUNU HPLC chromatogram 8d&1TANAN b4 be KW SPE

cartridge

" .Madecassoside

0.500

0.400 3 b 3 8
*®
0.300
Fom| s
& o200 @
0.100

0.000 e -

] 50 100 150 200

Reftuxing time (min)

Asiaticoside

[ 1)

250

Refluxing tme (min)

Yecontent

Yocontert

0.030

0 ms

0 @20

0.015

0.010

000s

0.000

0013
0030
0a2s
0.020
0.015
0.010
0.005

0.000

Madecassic acid

-
- 8 Y 3
- - -
100 150 200 2% 00
Rofluxing dma {(min)
Asiatic acid
4
- °
-
. o
100 150 200 250 300

Refluxing tima (min)

P v o d v aq v v Y [ a
s 2.6 nsmuaasanudunusszninnanldlums aiaaionis reflux nulTinums

or
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1:210 nm, 6 nm ‘
— v1 : a
] et_1
4 Name
400 e
kel
0w
o
- w -
8 o ©
5 S ke’
%00 g %52
= 93 2
2 8 c - &
h S o B o [
] ® & ©
] / E ®
04
0 -5 10 15 20 25
Minutes
AY
1000 :.:-Z'H}nm,cnm \ b
MeOH _eoxtract
Name
750 4
oo | 5 3
2504 || £ 8% ¢ :
B &3 & ]
1 E QE © 2
0_._J
o 10 20 o 30
Minutes

gﬂ‘ﬁ 2.7 HPLC chromatogram YpIEITANANHIY SPE cartridge (a) 11D Taisiu SPE

cartridoe (h)
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27 mMsnam1Iishian i dmiunilSunm Asiaticoside, Madecassoside,
Asiatic acid Wwaz Madecassic acid laa HPLC
271 Inawn IwasHew IS Itased
F1IRTAIUHANITWIN acetonitrile NU phosphate buffer Qmﬁan‘l’ﬁ
Hwnwaadaudt tilssanainide UV cutoff §ann 200 nm ‘fia'laiay;‘lmha
uv AlFlumsiesehiRennBunmens ’
Tumsusnssfiaulans 4 42 (MS, AS, MA Waz AA) aananiu
WU szuufimanssudmsunisuen @a Reversed phase C-18 column
lafiaIasauNNITZNIN acetonitrile n1Y 10 mM phosphate buffer @
pH 7.1 Tudamaiu 2071 fludaazaoadondl Galnsludasnanud
1 ml gaUIN
@1 resolution FaugasaNUENTAlRINTULENTAILGRE AnEN T
sula fd1nnnin 2 1ao resolution 289 MS, AS, MA, PL Waz AA LYINNY
3.63, 5.59, 2.11, 3.86 Uaz 11.44 awdeu luanefidn tailing factor 109
#Ana1s MS, AS, MA, PL uaz AA YNy 1.39, 1.46, 1.32, 1.67 uaz 1.13
mudeudfidiasn 2 '

272 wuavasaasi (Effect of stationary phase)
luns@inmaailldviansinunlunaasfl 2 ofia Aa phenyl
column U§: C-18 column lag&13asaBMENIZWIN acetonitrile U 10
mM phosphate buffer i pH 6.21 ludanaiu 23:77 Hudazans
indaniifiinanzaudniunisuanlu phenyl  column ﬁdtlﬁﬂdluzﬂﬁ 2.8
WRZ BITRAUHRUITNIN acetonitrile NU 10 mM phosphate buffer i pH
7.1 ludandm 2071 Hudhacaandauiiiimnsgudmiunsuon
lu C-18 column @Touam'lugﬂ'ﬁ 2.9
C-18  column gniianlilun1sdnudaly tiasanan c-18
column tIufiuulFuinnituaziianununiudanisldaiueannin

phenyl column
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1% 2.8 HPLC chromatogram ¥84a15310153 %11 phenyl column

1: 290 nm, 6 nm
test
tostgp2 _29%

1004 Nape 2 @
8, 2
55 2
8o B
2 218 °
€50+ 218 o
a o o
@ | ® @
SE L
3
£ @
0__}{\'_4 S o N
0 5 10 15 20 25 30

Minutes
31#1 2.9 HPLC chromatogram 494e13310153 111 C-18 column

2.7.3  Haua3IdnI1d7% acetonitrile 11 mobile phase

TunseinunavaIdas@Iu acetonitrile 1w mobile phase N3z
lasmItRudassIusas acetonitrile 90 28:72 1T 29:71 Folduanalst
AWM AL UIRDS 1% acetonitrile TRaBLNIANNFAasN retention time
YavEsuRazea lausn capacitity factor (K) vo9 MA (Gafluasiiia
NN AA)  RARINNNTIAT K 189 AA Gethiinisiinduues %
acetonitrile 4NN 29% AN IRANVEI MA waz AS wunssnannule la
& doumadlugnsefi 26

AINMINARBILENI LALAUI nsauuIINmad acetonitrile
Twnsnfeufiiindedniuagebs 115009 acetonitile  1uiwa
waaufitasdullesiliidsna lunisiansdun uadilugSom
nniinllasyinlwdinuas MA was AS ugnaanannula lué
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27.4 sazadaMMTNTRUA: Wiazzasiwiwaslu mobile phase

nmsudsuulad pH wayvinasan 7.0 Ju 7.1 wudnns
wasuuilas pH 1230WiWaf inada K 289 MA 11nn31 k' 289 AA 69
ugasluaefi 2.6 uszannimaaasusadlWifinin pH vanivlivaiing
dansusnuatasfeutionnn pH veaiWasitasnda 7.0 ezl
Aldlumaersinuanniu luwmeft pH vasiasinnni 7.1 3si
Wn1susnuosfin MA uas AS 1Aadwlalid uazbe pH  vastiWines
Waduanrinla Aaeviald column @S unntiuminnis fiasunean
alkaline hydrolysis

NNMIAnRaseInNUTNTRTaITNINESa N 10 mM 1ilu 20
mM wu*ha’nm'ﬁuﬁumaaﬁ'wtwaﬂajﬁmadad\"n retention time VBIRIIUG
ardafimmadie et

aniulumsiensiBadandvesfinnuduiu 10 mm 7 pH
7.1 WRVBLNY acetonitrile Tudansm 71 : 29 [ Twnsndoud

179N 2.6 LFAIHRYBIDAITNEIUVBI organic solvent Uz pH siafin capacity factor (k')

AL RYV VRN organic solvent _ a1 pH
énsﬁcy 29% ACN 28% ACN pH 7.1 pH7.0
t. k' t. k' t, K t. K’
Madecassoside 3.4 1.3 3.4 1.3 34 | 13 | 4 17
Asiaticoside 5.4 2.6 5.4 2.6 54 | 26 | 68 | 35

Madecassic acid | 6.3 3.2 6.3 3.2 6.3 327 75 | 4.0

Asiatic acid 18.2 11 18.2 11 182 | 111 | 22.0 | 13.7

Prednisolone 8.2 45 8.2 45 8.2 45 9.5 5.3

2.7.5 M1SWIEINNAIEIRANE I (internal standard)

lumisdinsansms 10 siaefaslfifumsmnasgulunimaass
A39flwun prednisolone  ifluansfinunzaniigaluniinasasaioil
iiasnnlidFygnmsznitefinues MA uaz AA Taglignsunaulanas
augludaating
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2.8 MINAnIISIas1zRd mIun1USu o asiaticoside (AS) Uaz Madecassoside,

Asiatic acid Waz Madecassic acid lag Thin-Layer Chromatography

TLC 314U densitometer gnldluntsmisfunm AS uaz Ms ludaating

« @ ' < @ o A P
lagld chloroform-methanol-water Tuaasna1 30:15:2 1Huavazaaafouit

- ar P [y = a
U silica plate  @3uaad3L chromatogram lugﬂﬂ 210 uwandsvuinoy

UseENTNIWY09 0.2% Anthrone reagent Ny Lieberman Burchard's reagent Tu

mMadusTaraia wuditannuduues§auiiiaan1nain 0.2% Anthrone reagent

TANUAIAININNIANULTNTEIRIN Lieberman Burchard’s reagent tiafia 117

a v o e P = e ol
QM‘HJ;IN‘HE]\‘] 30 wInvadvnaun 110 °‘c LﬂuL’)a’]n\‘]O U muam‘lugﬂﬂ 2.11

0.250

0.200

0.150

0.100

0.050

0.000

L

ot

sUN 2.10 TLC chromatogram

10.0 200

Asiaticoside (3)

-30.0
Stage Y(mm)

YDIATANAUTAINAUD I Madecassoside (2) 1a

2800

Color faded diagram(anthrone0.2%)

2300

Area

1800 ¥

1300

800

<
*MS
* * * - AS
= = =
0 20 40 60 80
time (min)

Area

Color faded diagram
(Lieberman Burchard)

1300
12001
*
1100 $ u * * MS
1000 - " . . = AS
900 -
800 . .
0 50 100 150
time (min)

b4
=

= v w d v 4’«’:’ Qy 9 as - o s HAq Ya
U 2.11 arwiaasanuduRuTsyrInanden Avdimsoud 110 °C Auwuilddn

483 0.2% Anthrone reagent (a) 1482 Leibermann-Burchard (b)
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29 n1sasdedaumInlglauasis High Performance Liquid”
Chromatography
294 MIRIIABUAINANADI (accuracy test)

lunsanareuanunndaizeitiansimunsaildnanis
unsFoufisuaadiemsii ldnunaitanskanitinagm nie
uﬁuuLﬁﬂuNaﬁ'lé’mnmﬁmﬁ:ﬁﬁummtﬁuﬁmﬁqﬁﬁa:é‘lué'hazhomn
synthetic formula u@lunsd@i#ilaifl placebo Mvinlasnisduamsfianlens

1 luanading ‘%otﬂuﬁ"’ﬁﬁgnLﬁan‘l'ﬁ'lumsﬁnmi{ \fioswnan'laifl placebo
aNugnaadreIdfitarziaaniaiiniinaseyldlaslugy
UaI%recovery T,ﬂUmﬂ%‘mmsﬁﬂ'nmﬁuﬁumoﬂ aalual8d19 udn
arsimdiinauasitauasly Tagwuin %recovery 189 MS aglugg
99.12-102.3 (mma‘mmﬁu 100.2), %recovery Uad AS ag:‘lwﬂ'm 100.1-
101.8 (mmﬁ'uwhﬁu 100.6), %recovery 283 MA a;li‘lmifm 98.97-100.2
(fLafniniy 99.68), %recovery 189 AA  agluiag 99.29-101.3
FUaierinny 100.1) 49 %recovery 'uaemwfmuﬂayflwﬁwﬁuau%’u'lﬁ

fa 96.00-104.0 ﬁqﬁuﬁfﬁ'ﬁmﬂzﬁﬁﬂﬁmwgnﬁaoﬁUau%'u'lﬁ MILRAI U
aNyIn 2.7

29.2 N1IATIIHDVANNUIIWEN (precision test)

TunIasageuanuwingadiinsiauninuaasaananlu
sﬂmaemmuﬂmu mmmmmuauwnﬁ maauﬂs‘,aﬂﬁmaommuﬂmu
’Ilad’ﬁ’ldluﬂ’l‘i’uﬂ‘i’]:% dyledRsaniu 2 3260 @o anuwaindnlu
TRNINNGLINU (repeatability) WAzAULUIREN U TZWIIIU (intermediate
precision) aauaaluanadi 2.2

anuuingrlugrsnanduiiu (repeatability)  frwrmelaniann
mMIle3Euaagetiiu 5 avoludraanisanu wuianudoaun
JUANTU09 MS, AS, MA ua: AA aglu'ﬁ'ao 0.38-1.79, 0.54-1.19, 1.41-
2.04 U8y 0.86-1.78 mudau wisfidadnindy 1.60, 1.21, 1.75 uas
1.51 guaIay ,

auuing luszningiu (intermediate precision)fiurnildunann
a3 suaIatng e 3 asslundaziu waan 3 Suwuddiaana
(e uuFANTU9 MS, AS, MA LAz AA aglug9 0.68-1.42, 0.33-1.52,

0.80-1.81 Uz 0.57-1.12 aud6D wiafldnadovinny 1.51, 1.35, 1.76
Way 1.50 Muaay
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AU RGIVDIITIATIZANG 2 Lmnag:'lumaﬁnaﬁu‘lﬁﬁa e

AN gunFuRnTta s 2.0

nTef 2.7 usesdeyavainsamasavanulfldvesitnanaslay HPLC

Madecassoside

Asiaticoside

Madecassic acid

Asiatic acid

‘| Accuracy
(%RV) 100.16 100.64 99.68 100.14
Mean
Range 97.15-102.79 | 97.72-100.96 97.12-102.78 97.64-102.97
Precision
(%RSD)
intra-day 1.60 1.21 1.75 1.51
inter-day 1.51 1.35 1.76 1.50
Range
(mg/ml) 0.06-0.40 0.05-0.33 0.008-0.048 0.004-0.024
Linearity
R® 0.9997 1.000 0.9999 0.9999
Slope 1.011 1.010 »0.995'7 1.000
Intercept -0.001 -0.005 2.00E-05 0
LOQ (ug/ml) 5.97 1.84 2.11

2.32
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293 nmIsmanaduAnfiduassuazdrsilianuduiusinduase
(linearity and range)
 lunstsmfiuenufuiniidaduasisnisaidlasnnsm

anuFIRuTIznina Tt nedldnuanudutusieludatneg
FolMugumstduasenait y = 1.011x-0.0013 &MU MS, y = 1.01x-
0.005 &MU AS, y = 0.9957x+2E-05 §1%IU MA UaT = x &MU AA
auseu lasfulssAntuasnnuFuWus (coefficient of determination,
r2) Yo 3Ee7a9 MS, AS, MA uaz AA YINU 0.9997, 1.000,
0.9999 uas 0.9999 ausIau
Franudutuses MS, AS, MA uaz AA AilFanuEIRREITnI
- anududuiudygrondwduaselianugnadoanazuiudlumiianzi
agflusafioeniule (96-104 % R uaz %RsD [ 2 ) fig 0.06-0.40, 0.05-
0.33, 0.008-0.048 W&z 0.004-0.024 mg/ml AN

2.9.4 NITAIVFDUAMINIUNIZLITAI (specificity test)
oainanlifivuasduasdaatng lunisasasauanuiiimi:
112 EAaNsis s lasnauSsudioy spectrum vaIEITINATIM
ﬁuawsﬁﬁag}ilué’aamﬂml'ﬁ photo-diode - array detector #IWD
spectrum ’uaoﬁn'naomsﬁi‘lagﬂuﬁaaz'mmﬁauﬁnmsmmg’\wmﬁu 619

— P
uaa9luzUf 2.12 uaz3Uf 2.13 usad 3D chromatogram AIFIIRZAY
WATTIUUBTENTENG

2.9.5 mﬂmﬂ?anme‘i'lqﬂ‘lums’?mﬁ:ﬁtﬁ' an1dInTmaEs
(quantitation limit)

anududue qﬂlumﬁm'mﬁlﬁ av1USuNuanIva9 MS, AS,

MA Uaz AA fa 5.97, 1.84, 2.11 uaz 2.32 lulasniu /7 Haffas awsau

“fmLﬂumwmﬁuﬁuﬁlﬁﬁtyty']mmaomsgﬂnﬁuummnniwﬁmmwmsumu

2Nty 10 111 wazdaui g URFNANTVAINTAITIIAINNNTEAN
e sdg g nw 5 a3aasnii 3
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gﬂﬁ 2.12 UV spectrum Y230158193§1U Madecassoside (a), Asiaticoside (c), Madecassic
acid (e), Asiatic acid (g) waza1snuen 19 Madecassoside (b), Asiaticoside (d), Madecassic

acid (f), Asiatic acid (h)
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Eﬂﬁ 2.13 3D-spectrum 37N Photo Diode-Array Detector 4838182810

WIAIPIU (@) UBTEIRNG (D)
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2.9.6 NMIAINVFAUANMNIRNITHNVDITEUY (system suitability test)

TunmsamagauanumanzauseIsz s TaRINTa lelasnis
@AINBUNITTLADT 4 @7 Ao anuudwd (precision), number  of
theoretical plates (N), AMUIVINATVEIRN (tailing  factor)  Uaz
AMURINITD UM IUENTBIAN (resolution) TBIRITUIATTIUUANZAT O
ugadluan et 2.8

mnmmuﬁwaas:nnlum‘sﬁmms%w6] M5 A% wutiisan
Woauuduiniuas MS, AS, MA, PL uas AA Lvinfiu 0.89, 0.63, 1.75,
1.34 uaz 0.87 MUfGOL %omﬂfnmﬂmmuﬁuﬁﬂﬁagﬂmhwam*u'lﬁﬁa
waunirIainny 2.00 \

Aadun9 number of theoretical plates 789 MS, AS, MA, PL
WaT AA YA 2026, 2717, 4445, 4434 uaz 4750 UL Taen
number of theoretical plates atilugnuauiuldfa annimIariiu
2000.. | '

ANUFUINATUDINN MS, AS, MA, PL LA AA iy 1.39, 1.46,
1.32, 1.67 uaz 1.13 @S0 “fmmmmaummﬂaoﬁnay;'lwzhmam”u
1dfea Wasniwdevinnu 2.00 '

ANUENTAlUMIUENYEIAN MS, AS, MA, PL Uaz AA LI
363, 5.59, 2.11, 3.86 Ua: 11.44 MU U Fadranuausalunsusn
maaﬁnazﬂwﬁawaﬁuﬁﬁa WNNIMIBLYINNY 2.00

AT 2.8 uam'ﬁa;gamaa NNIATIIRIUANVININZFUDBITZUL

Retention | Precision | theoretica | Tailing Resolution
time (t.) (%RSD) | plates Factor (R,)
Madecassoside 34 0.89 2026 1.39 3.63
Asiaticoside 5.4 0.63 2717 1.46 5.58
Madecassic acid 6.3 1.75 4445 1.32 2.1
Prednisolone 8.2 1.34 4434 1.67 3.86
Asiatic acid 18.2 0.87 4750 1.13 11.24
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210 nsasndavanullanasis thin layer chromatography

2101 msmﬂaaaumwgné’fm (accuracy test)

aNugndasraditiiensimansaiinimasauldlaslugy
WD I%recovery ‘[Qumnaumsﬁlﬁmmmoq aIluaI9819 UaIATZRMN
Vanmasiiaualy Taswusn %recovery wa3 MS otjlugai 98.35-
100.8 (sLafuivinfiy 99.81) Uz %recovery 189 AS ogjlut9 96.19-
101.3 (Faduriny 99.18) f‘ﬁoag‘lwﬁuﬁuau'?u‘lﬁmao %recovery 8
96-104 gouaasluasnaf 2.9 -

2.10.2 n1IAIVADUANUNEN (precision test)

anuind lugianandisaiu (repeatability) $rurmlainanns
WHARIIEN G U 5 99U silica gel plate urwdindInu wuiidina
\oaumiimies MS uaz AS aglugng 0.79-1.47 uaz 0.70-1.43 wiedl
ALaapiiy 107 wss  1.18 f'ﬁoag‘lu'&aoﬁuaﬂ%'u'lﬁﬁa GRGRR
doauudintiasni 2.0 ssugasluaed 2.8

2.10.3 MIMIANNINNBALFRATINAzT 2N IR AaNaFuRuETTn

IHWATI (linearity and range)

Tumsszifinanudunuiifaduasssmansarilalasnimn
anuFuRutIEnIveNuu Tt et ldtuanududusieludiaig
Foldflucumaduasansil y = 09809x+0.1106 & WMIL MS uaz y =
0.9721x+0.0604 & w3u AS landulszanTaasnnuduwus (coefficient of
determination, r2) 2BIRTTIFBIVDI MS Uz AS (¥R 0.9995 uaz
0.9997 aaugasluanefi 2.9

190 TUTUEY MS Uar AS AldanuFuwuiszninena
dinduiudygroududuan dansgndssnazuiudlumsiianciag
Tug9fianiule (96-104 %Ruar %RSD [ 2 ) @a 1.08 - 21.60 uax
0.78 - 15.60 pg
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A1519% 2.9 LLam’ﬁaHamsmwaaummlﬂﬁmaﬁ%ﬁLﬂ'i'l:ﬁdw TLC

MS AS
Accuracy
Yrecovery 97.11-104.07 (99.81) | 95.20-102.92 (99.18)
Precision
%RSD

0.79-1.47 (1.07)

0.70-1.63(1.18)

Linearity and range

Slope (A) 0.9809 0.9721
Intercept (B) 0.1106 0.0604
i 0.9995 0.9997
Range (mcq) 1.08-21.60 0.78-15.60
2.11 n1sItasiziinan1USu1m Madecassoside, Asiaticoside,

Madecassic acid WLaz Asiatic acid 1wro1Unlag3s HPLC (gﬂﬁ 27)

Ms luundanda A wwwufiunmuaiaglugig 0313 - 1.664 % vad
G051 IURS %%aﬁmm?iﬂagjﬁ 0.950 % Iﬂmﬁauﬁwuluﬂ‘%mmmnﬁqﬂ fa
fiquou LLa:Laauﬁwuluﬂ‘%mmﬁauﬁqﬂ Ao numWus druluundinda B a:
wuﬂ‘%mmmsaglwﬁw 0149 — 1941 % VBITIDHIUR ﬂ‘%é}ﬁd"lmﬁmagﬁ
1.031 % Iﬂm?\auﬁwuluﬂ‘%mmmnﬁqﬂ o WoEmeu wazideufinuluSao
ﬁaﬂﬁqﬂﬁa NS |

As luundanda A azwudiinaentedludie 0291 - 1742 % w89
ABEIILAY ﬂ%aﬁmm?iﬂay;ﬁ 0.889 % Tﬂmﬁauﬁwuluﬂ%mmmnﬁqﬂ h
WOHEMAY LLa:Lﬁauﬁwuluﬂ‘%mmﬁaUﬁqﬂ Ao nuMWus duluunsinta B 9z
wmﬁmmmsaglwﬁn 0.140-1.341 % T8IA219H1IUAY ﬂ%aﬁdma'&;nagﬁ 0.745
% lagidouiinuluuinounniiga e nsngnaw uandeufinuludFunanion
ﬁqﬂﬁa NUAWUS

MA Tuundinda A %:wuﬂ‘%mmm'sag'lwﬁw 0.007- 0411 % 83
A EIILRY vx‘%aﬁmmﬁuagﬁ 0.149 % I@ULﬁauﬁwuluﬂ%uwmuwnﬁq@ R
NUATWUS LLa:Lﬁauﬁwuluﬂ‘%mmiaUﬁqﬂ fo unTay dnluundinda B aTwy
ﬂ‘%mmm‘sa;}‘lwﬁn 0.005 — 0.260 % UBIAIDELIILURY ﬂ‘%aﬁmmﬁnagﬁ 0.109

- P o . P - a [ P ~ o v
Y% IﬂﬂLﬂﬂuﬂWUluﬂ'ﬁN’]m&l’]ﬂﬂE‘E@] fa Q&l.ﬂ'lwuﬁ LLG:LG]E)%Y]WUl%lJ?&I’]muE]U

.
=) ar

ﬁq@ma TR

AA luunsanGa A %:wuﬂ%mmmsaglwma 0.013 — 0.336 % U89

AIBHIILRAY %‘%aﬁmmaﬁagﬁ 0115 % Iﬂmtﬁauﬁwuluﬂ‘%mmmnﬁq@ fa
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WOAINEU Ltaztﬁauﬁwuluﬂ%uwmiaﬂﬁqﬂ Ao unTay SIUlUUKEINRA B 22
wuﬁmmmsag‘lwﬁn 0.014 - 0.164 mg % VBINIDLHIIURY u%aﬁfhm‘éiuag:;?i
0.065 % '[ﬂmﬁau?iwuluﬂ‘%mmmnﬁqﬂ Ao numwus waztdoufinuludSuo
ﬁau‘?‘iq@\ﬁa UNINAY
lunmminaamsiisulilasSouiiousznineludmvasluuazdren
wuh WuluasiiBunmems 4 saunnninludrdulszanm 7-24 ih Tasluluwy
Sunmuas MS, AS, MA Uaz AA a;“i‘lmm 0.919-1.552%, 0.712-1.006%, 0.027-
0.309% WAz 0.120-0.455% @u&1ay dnludiauwuliunnwes MS, AS, MA
usz AA affluniag 0.029-0.062%, 0.069-0.098%, 0.007-0.010% WAz 0.008-
0.058% GNURIGIL ' |
uanmni‘fﬁo"lﬁﬁmﬁmﬂ:ﬁw‘v{a@,mmmeﬁq\mmaﬁﬂﬁmn%mﬁuagﬂu
@ﬂﬂaaummmﬁvﬁ 50 “C uaz75%RH uan 3 tdow wuindanmuess Ms
uaz AS lutraandnglidasiinnauuandranu fia 42.61 + 0.65 uaz 46.71 +
0.69 “fsommmﬁmmmq‘li\um%mwﬂé 2 7 sauaasluanedi 2.10
a3971 2.10 LLamNammﬂaaumwﬂ_gﬁwaommsaﬁﬂﬁ;%uﬁuagli'luejmaau
ANAIGIT 50 °C Wa:75% RH luudazisiau

Months | %Content (Lot 1) %Content (Lot 2)
MS AS MS AS
0 42.27 46.82 | 42.75 4778
1 43.09 45.98 42.88 4756
2 43.21 47.61 38.90 43.85
3 41.86 46.41 42.13 47.29
2.12 n133tassitileniUSanos Madecassoside Waz Asiaticosidel i

TunTasds TLC

Ms luunania A szwudianmansedlugi 0321 - 1.660% 189
ABHIIURY %‘saﬁmmﬁuagﬁ 0876 % Immﬁauﬁwu’luﬂ’%mmmnﬁq@ fo
fouow LLa;Lﬁauﬁwu‘luﬂ’%mmﬁamﬁq@ Ao nunwut fuluundinda B
wuﬂ‘%mmmsaglwﬁw 0.258 — 1.678% TINIBLIIUAY %%aﬁdﬂLaﬁﬂag;ﬁ
0.759 % Immﬁauﬁwu‘lmﬁmmmnﬁqm do woumean wasdaufinululiunm
ﬁauﬁqﬂﬁa NUAINUE

AS luunsanda A zwudTinaansegdludae 0241 - 1.541% 189

fa 19U wiallduafuayf 0.965 % lagidaufinuludiinmunniige fe
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worey uazdeuinulutfinudasige fo nuawuf dauluunsonia B ez

1 [ Q- 1 L7 =] 1] i |A

wuLTumansagluiig 0205 — 1.239%  v8Ia28L1IUR wialldnadvagn

-~ d‘ A ~ =1 H T=Y
0.733 % Tmmauﬂwulmﬁmmmnﬂq@ fa nangian uastdaninuludium
e d' -~ a & a- al'

wanngafa nuMWus mLLam'l,ugﬂw 28

A e a o A4 A o AN e )y

lagdn laannisiasizieds TLC Walfiaununai laain HPLC uan

WUIUTU T ME T INLNIF0ITHANURAAARAINKUINNTN 85%  IINNITHA

@ o & a v ' o AV v & aAd o & aa _ v =
ANMUFNAUTLTILFUATITe RIS st laanne 2 3% @3uuds TLC analsiilun
nEanluNask LN an1USu e MS was AS o LLﬁu?J%ﬁazlﬁmen@Taa

waugn wazaultasndn HPLC uanduddnasainuazsiaisingn asuaadbn
3U# 2.16

Madecassoside Asiaticoside

% content
%content

1 2 3 5 6Modh 8 9 10 11

Madecassic acid Asiatic acid
05 04

04
Oa

03 Os

Ycontent

02+

% content

0.1

Month L Month

s 214 nsvdusastSunsasasiudaanadegmelu 1 3 las3% HPLC;

Madecassoside (a), Asiaticoside (b), Madecassic acid (c) Wac Asiatic acid (d)



%Content of madecassoside

% Content

23

5 6 7
Morth

8 9 10 11 12

%Content

L

2.000

85

%Content of asiaticoside

1500
1.000 -

0.500

Month

N 245 avmusasTunnwesssanalugasiaten g melu 1 9 lasds TLC;

Madecassoside (a) az Asialicoside (b)

Correlation of madecassoside in source A
by HPLC and TLC method

1.800 —————
1.600 1 y =0.8768x + 0.0183
1.400 R*=0.919
1.200 1

1.000
0.800
0.600
0.400
0.200

0.000 L

0.000

%Content by TLC method

- -

0.500 1.000 1.500
%Content by HPLC method

Correlation of asiaticoside in source A by
HPLC and TLC method

1.800 —'-‘
1.600 - y =0.8472x - 0.0112
1.400 R?=0.9529
1.200 4
1.000

0.800 -
0.600 -
0400 -
0.200 {
0.000 +——+—

0.000 0.569

%Content by TLC method

- J—

1.500

1.000
%Content by HPLC method

719

2.000

2.000

%Content by TLC method

%Content by TLC method

Correlation of madecassoside in source Bby

2.000 -
y =0.7326x + 0.2213 -

1.500 R? =0.8958

1.000

0.500

0.000 - . ]

0.000 0500 1000 1500 2000 2500
%Content by HPLC method
Correlation of asiaticoside in sourceB by
HPLC and TLC method

1.400 — —_— -
y=0.7947x + 0.1222 . *

1.200 R = 0.8536

1.000

0.800

0.600

0.400

0.200 *

0.000 + - - —

0.000 0.500 1.000 1.500

%Content by HPLC method

HPLC and TLC method

Yy  aa

2.16 nsWuaasnnuduntsvosHadns 1zl namsaialussuilaisds HPLC tag TLC



213 n1IMIdadINTa9 Madecassoside / Asiaticoside ﬁwu‘luﬁﬁ@haﬁuﬁ: .

1Tdvinnsitanzim3unmans Madecassoside Waz Asiaticoside #13
agllu@?’aazmﬁmﬁmnﬁLﬁummmeiwm 9lu 12 Fania Lwix‘humgnﬁuﬂamg‘m
pasamiwdITpInmmaasuaznmalulad uasvimsiuio luaAlndidoain
wuiwﬁm@ia:mUﬁuﬁﬁlﬁmmms‘luﬁmmuuanﬁmmﬁtmn@mﬁ’u aauEaaln
a3 2.11

Teinssu mdasIu109813 Madecassoside | Asiaticoside 71a329
wuluudazaoiug tkelfilundninosilunsmuuauasguansada tielwi
Fagaumsmaassfielilndidnsnuduadofidmnalddoiian 1.6532 + 0.2953
% é’ﬂdauﬁwuﬁaathomné’mi’m%m‘lmiﬁmqoﬁ'\2.1571 LRZINNIINIG
ﬂsﬁmﬁﬁ@h@%wqﬂ 1.3045

Waswindasazueariunm glycoside 289610819 RTIIUNN 12
unsfidniade 6.7972 + 1.6564 lagdiatanndmiaszuas iid1g9aa 8.9349%
UAZNIIWIAUATAITIINNT (F1UALDAD) ﬁme‘iwqﬂ 3.4593%
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WaRnsananivuazwasl3unm glycoside Taunla NN 7% 1w

é’aamamnﬁmfﬂﬂsﬁuq’% ATIN TLPDI maq‘% ﬁwnﬂan waziBelnai

awIMI9 NI Madecassoside WUIIA20E199INIINIATZ LD

]
P

Aegega 5.4606% uazandaniauaraisrsunaiididige 1.9882% luwusi
A2188199INTINIATz Ul Asiaticoside  FIFA 3.4743%  URTIINVINAG
uATAIBTINITAMGER 1.4711%

244  arswidasulSasufsudSinaasiwlunaznwlusasiisaiasie

MadnwlSsufioudIunmuesans glycoside Iwluuaziuluainis
Matn 2 undslasiAudmadaludaunusnou uas FuNAUAILEAIlN A1319
2.12 uazwuUSunm Madecassoside tulufinnnninluiulufisunnntia 20
i TuniefiSanm Asiaticoside Tulpannninlufulu 9 - 12 1in
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A1TNN 2.11 LRAIARAFIWYDY Madecassoside / Asiaticoside WLRTNWT 12 WARY

sWAUNSS | %MS finu | %AS finy | dadau MSIAS | % glycoside 373
CA1 4.3704 3.3503 1.3045 7.7207
CA2 1.9882 1.4711 1.3515 3.4593
CA3 3.3936 2.4666 1.3758 5.8602
CA4 4.7837 3.3201 1.4408 8.1038
CA5 3.2624 2.2324 1.4614 ", 5.4948
CA6 5.4606 3.4743 15717 8.9349
CA7 5.4111 3.2861 1.6467 8.6972
CA8 4.1064 2.4864 1.6515 6.5928
CA9 3.8881 2.1378 1.8187 6.0259
CA10 3.3516 1.7289 1.9386 5.0805
CAMN 5.4766 2.5832 2.1201 8.0598
CA12 5.1493 2.3871 2.1571 7.5364

| fady = 1.6532 6.7972
SD = 0.2953 1.6564

AgIgn = 2.1571 8.9349
ﬂ'm‘;']qm = 1.3045 3.4593




AN 2.12 ugasnsilSouifisulSunmansivluwasiulusesmsiaun

UWaI Sumsasas
iy MS AS
anditiy Tu fnly dw wly
' 1.553 0.039 1.028 0.073
1578 0.039 1.013 0.070
NUENBU 1.524 0.038 0.977 0.073
W Wy m s § s | 00
%RSD 1.742 1.493 2.605 2406
0.936 0.050 0.725 0.066
0.911 0.050 0.701 0.068
Funaa 0.943 0.054 0.710 0.073
jwalla , o0e30 |09t | o712 | 0069
B 1.809 4.499 1703 5.225
Uanauads 1.241 0.045 0859 | 0071
gadawluly a -
damuly 27.58 12.10
0.987 0.826 0.076
1.040 0.874 0.078
ISR 0.805 0.076
%RSD | 4.236 1.506
0.936 0.759 0.095
0.893 0.700 0.104
PUINAY 0.715 0.094
A 4.232 5.639
: 0.962 0.046 0.780 0.087
USuataas
o ToR RS (YN OF ]
@danwly 20.91 8.97
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245 ns@nsulSoudisunazasergluaailFumansdrang

ldfnsFoufisueyly (dlaiudmesdwluiunluiay 7, 14, 20 uaz

28 W) datiinmanidany lasiuandredfsiniminguanomil.

UATAITITNTT Uaztzed asuaadluanafl 2.13 wuhluesldamszdangainn

~a o & . o X
iafiangluasud 20 Juauly

a7 2.13 uranavesangludeiinmasdayveswsaun

iy % USanaans (fedrsanguasizsiii)
A1a819 MS AS ‘MA AA
7 2.1445+ 011 | 27326 £0.26 | 0.3199 + 0.00 | 0.2409 + 0.02
14 3.0099 + 0.04 | 4.0360 £ 0.03 | 0.1613 +0.01 | 0.1373  0.01
20 3.8926 + 0.10 | 46553 +0.19 | 0.3287 + 0.01 | 0.2100 £ 0.03
28 3.5607 + 0.08 | 4.3198'+0.04 | 0.3232+0.01 | 0.1633 + 0.01
Fuifu % USmans (A1 NRATASSIINIY)
A20819 MS AS MA AA
7 3.6355+0.05 | 3.5067 +0.03 | 0.2114 +0.02 | 0.1434 + 0.00
14 42949 +0.12 | 3.6557 +0.06 | 0.3838 +0.01 | 0.1886 + 0.01
20 41360 + 0.02 | 3.3998 + 0.02 | 04440 +0.01 | 0.1791 + 0.02
28 4.8266 +0.16 | 3.8487 +0.11 | 0.3968 + 0.01 | 0.1948 + 0.04
Fuinfiy % USHIMENS (R1DH19IINTTHDI)
A29819 MS AS MA AA
7 32329 +0.25 | 32516+ 0.12 | 0.1201 £0.01 | 0.1073 + 0.01
14 2.9441 +0.10 | 3.0259 + 0.06 | 0.2102 + 0.02 | 0.1182 + 0.04
20 3.0346 + 0.22 | 3.2422 +0.19 | 0.2617 £ 0.05 | 0.1330 £ 0.03
28 3.1628 + 0.08 | 3.5097 + 0.08 | 0.2487 + 0.03 | 0.1445 + 0.07
216  as@nwlSaunsuaazsalsaauaiuaaaalsuinarsdrany

lums@nmntanavastsnaadan i sda N eI unay wuin

- maanislashidiusuan was 100%) Asliasddgannfigadiaifisuiunsae




UEILARD 50% WAL 20% AILEAIIUAITIN 2.14

AN 2.14 UFAIHAT I DURILAAGA M IHRAEN IR A VD INTLIUN
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-~ a ' as -
NTI1NINIA / YIurowuas

%MS %AS %MA %AA
32889 UK 20% 1.2190 1.2094 04088 | 0.2602
32889 UEY 50% 1.0795 1.2611 0.7721 | 0.7358
32809 URY 100% 2.8162 2.8061 0.4471 | 0.2956
UAIFIY URI 20% 1.7118 1.8347 | 0.6565 | 03438
UATAIY W 50% 2.0468 2.7709 05813 | 0.3407

UAIFIY UFI100% 2.7315 2.3619 0.5055 | 0.1541
| AUAY UFI 20% 1.6339 2.0374 0.5479 | 0.3439
QUAY WA 50% 2.2680 2.8150 0.4353 | 0.1722
QUAY L& 100% 3.3034 3.5085 0.4279 | 0.1263
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unh 4

a;ﬂnamﬁé’s

msmnaauqmé’nvmwaaﬁﬁaqu1wsﬁ'qun
sunnasesavialan
1.mienIsaulandnsaimandsimlasliitniuunsduaziansiddamiuiy
FAURZHINTUAY
2. MIATIIFOULANANBAWNILAL (Chemical Test) lasld n13na as v
Saponin (IﬂufﬂmmgmaowaoﬁLﬁmfiawmmﬁ"ﬁ’luﬁﬂ), MTNARDY Liebermann-
Burchard (Lﬁmoumuﬁlfwma), Waz MINAFaY Tannin (LAAATNOULTLT) wananils
35 TLC Lﬁaﬁuﬁuiwuqqﬂnuttciu TLC #iWudroa1sazany Liebermann-Burchard 3o 9
mulaugs UV
3. ATNINIIU .Madecassoside, Asiaticoside, Madecassic acid LLas Asiatic acid
fid1 R luszuy TLC @1 0.74, 0.88, 0.91 ua: 0.98 ALY
4. MIATIIROUADANHUTNINIMNW fatasellilmanzay
4.1 3umansdaeuiu (% Foreign Matter) Lnmuei laitAin 2%
42 Bnaihmindwoifannlwuks (% Loss on Drying) ool A
14%
4.3 USanaud3n (% Total Ash) inouailaitiin 17%
4.4 Vimnoudhiiliazanunse (% Acid Insoluble Ash) Ln i LaiLAin 7%
45 lﬁmmm'm%u (%Moisture Content) LNt Ll 10%
4.6 Bnmasanafiazauiin (Water Soluble Extract) inmiliiania
15%
4.7 lﬁmmmsaﬁﬂﬁa:mmamuaa (Ethanol Soluble Extract) Lo L
waunin 24%
4.8 ﬁuwm@:ﬁq(mad Content) LN LiLfi% 10 ppm

4.9 3uN0MnaN (Iron Content) Lnoust Laitiis 100 ppm

) .
- -

nIAnmrBaaiugmiifinadaquansmsarsanaliun
1. la3suasanasawldanu Madecassoside Uaz Asiaticoside laulfinaiia

=2 :’ ~ ~ Ar
column chromatography L&z NMIANHANTY FIIUNNUVIGND 95.55% URz
101.3% anudIay
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2. ldia3uuasunasgnldiin Madecassic acid WAz Asiatic acid lasnsvin.
UfAzelalasladaludaveiens giycoside uazvinmsanudndgn asiiled
ANNUTENT 98.98% Uz 98.09% MU

3. ldgoliandnvalmnnaspulinuieiouldlaslfinedia IR, 'H-NMR,
PCNMR uasBufiudidanids HPLC waz TLC Tapseuifinufumsnasym
guni

4. ldwaunitidmasissanatunldazenalavldinafia sPE  Taswzia
Ywilouday 10%  Acetonitile  URTTERIINNDINNTIATIZWERY 45%
Acetonitrile

5 leWauAT HPLC & wiunisiazvians Madecassoside, Asiaticoside,
Madecassic acid Wa: Asiatic acid wasadsniulasld coumn c18 14
FIRCRWHNFUTZNIN acetonitrile NU 10 mM phosphate buffer # pH 7.1 Tu
Samdin 2971 ludvazaoiaieudt dolnaludasanumi 1 Iaddas
doufl avlalSunadSunussais UV 210 nm. 61 tg 3.4, 5.4 6.3, 18.2
wifi lagle prednisolone 1uasinaspiumelu doe tx 8.2 uidl

6. lavmiasesauanulildvasdt HPLC

6.1 %78 accuracy 1%31] % recovery 183 Madecassoside, Asiaticoside,
Madecassic acid, Asiatic acid e 100.2, 100.6, 99.68 uaz 100.1
RH IV | ,

6.2 W78 repeatability URAIABAT SD 2839 Madecassoside,
Asiaticoside, Madecassic aCid, Asiatic acid flfhm‘adlﬂ 1.60, 1.21, 1.75
uas 1.51 a6y

6.3 W18 intermediate precision ULRAINDAT SD V89 Madecassoside,
Asiaticoside, Madecassic acid, Asiatic acid ﬁﬁ’lmﬁlu 1.51, 1.35, 1.76
Uas 1.50 U816

6.4 HaToauFUNUTLFRaTILazE IR IR uFuRuE LT uduase
(Linearity, Range) 7183 Madecassoside, Asiaticoside, Madecassic
acid, Asiatic acid ldaduilszantvasnnudunus (coefficient  of
determination, ) t¥iniU  0.9997, 1.000, 0.9999 WAz 0.9999
MUY uasiitrsnnaudutuil 0.06-0.40, 0.05-0.33, 0.008-0.048
Uaz 0.004-0.024 HadAN3W/AAREAT Ui

6.5 ﬁ'rﬁmﬁmm@iwqﬂ‘lumﬁLmﬁ:ﬁrﬁ'amﬂ?m TWENT (quantitation limit)
Uad Madecassoside, Asiaticoside, Madecassic acid, Asiatic acid e

5.97, 1.84, 2.1 uaz 2.32 lulaniwdaddas awddu
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6.6 19 AIIIROUANMURANTANVBITZUY (system suitability test) 1uwata

auuiudn (precision) l¢dn 0.89, 063, 175, 1.34 uaz 0.87
@UR1AY number of theoretical plates (N) N¢1 2026, 2717, 4445,
4434 uaz 4750 @UAIAU ANUININAIVAINN (tailing factor) 1.39,

1.46, 1.32, 1.67 U8z 1.13 MUAIGUUA: ANFIUIDIUATTLENY DY

N (resolution) VBIEIVIATFIUUEATA 3.63, 5.59, 2.11, 3.86 WAz

11.44 ANEGTU

7. léWaiu3T TLC-Densitometry  §1m3UNNTIAT12R 815 Madecassoside,

Asiaticoside 1atl4 chloroform-methanol-water Tudasidau 30:15:2 1luaar

azanoiaRauh uazlfusiu silica gel plate 1ilu stationary phase uazWues

d' v a dA L - Y.
0.2% Anthrone Lwa'lmnﬂaﬂﬂ'mnﬂmmﬂ'sao Densitometer

8. levnsasasauanultlauasds TLc

8.1

8.2

8.3

w18 accuracy 1%3'1] Y%recovery a3 Madecassoside, Asiaticoside
A8y 99.81 UaT 99.18 MUFIAU

"18 repeatability LFAIA86 SD #8034 Madecassoside,
Asiaticoside Y1 1.07 Uaz 1.18 awaay
Wataanudunuiiduasauazsrefilwansduwusiiuduase
(Linearity, Range) 183 Madecassoside,  Asiaticoside, ‘1(56’1
ﬁmh:%n‘%maammé’uﬁuﬁ (coefficient of determination, A winfiu
0.9995 WAz 0.9997 AT2IANUTUTU 1.08 - 21.60 Uaz 0.78 - 15.60
lulasniwdiaddas audeau.

9. léhamzinilSunmans Madecassoside, Asiaticoside, Madecassic acid WLaz

Asiatic acid MNADHNVIVNANDINN 12 URE Llﬁjﬂﬂu’]ﬂﬁﬂluuﬂm

= o ] A . o o A’
LAUINU wn’numﬂmﬁmmmmnmonumu

9.1

9.2

9.3

94

9.5

9.6

glycoside 370TA1IEWIN9 3.46% — 8.93% HeLaRLYINAD 6.80% +
1.66%

glycoside JUSumannnin aglycone _

fatafifivsunn glycoside 323 1N 7% wuluaaatinnanan
FJniadning anae 1z Tays Aunlan uandoslng Tuusd}
ABHWNINUAIAIDITNIT TUTum glycoside TIUNLY 3.46%
Taon211 Madecassoside $annnin Asiaticoside

WUSAEIW Madecassoside @8 Asiaticoside ¥613:1313 1.30 — 2.15
uazSauainirinny 1.65 + 0.30

Tulufiv3uno glycoside snnninlumuly
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9.7 WU glycoside mmi’iamqlumnn'h 20 Suiwli
9.8 lusoull wudSunou glycoside golugifian Twran — Musou
ua:ﬁlﬁmms‘iwqﬂtﬁauqumﬁuf
9.9 lumsﬂQnﬁﬁumummn‘lﬁms glycoside wnnIuTaaaaduidy
YDILFIUAAR
10 ldameanzinidiunm Madecassoide Laz Asiaticoside TUWasaNa3N
Tasam3dof 1 ldnadait
10.1 FIRNALRI D MUwniesdon
10.2 fit3anm glycoside 323 litannin 80%
10.3 \anasouanuaImalugn Iz 50 sveaafoa 75%RH a3
snafianganuasnannni 2 1
10.4 ganane3prldidnsaeniimenniia munzautunnadoy
HRaAMTEN Wie wideadans
11 JawEunauuzdmiunsimuaguanyussassnsanasiiluaasrii process
validation  niewluszdunisndefilngdu wazaasimualwiansady
glycoside ludadufilndifsanudasdmiifanussuma -
12 deysiugmitldnnnsanuuiiwls:lamilumsimuaguinymas s
Thunuaz/mIaasanalasmihenuigniagniassana
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Appendix |

Oral Presentation I
The 20™ Federation Asian Pharmaceutical Association Congress,
Bangkok, November 30- December 3, 2004

A SIMULTANEOUS DETERMINATION OF MADECASSbS[DE,
ASIATICOSIDE, MADECASSIC ACID AND ASIATIC ACID IN CENTELLA
ASIATICA LINN. BY RP-HPLC METHOD

Chamnan Patarapanich*, Bungom Kongthong and Suwanna La-ungchonlatan

Department of Pharmaceutical Chemistry, Faculty of Phanm_zcéiuical Sciences,
Chulalongkorn University, Bangkok 10330, Thailand.

Centella asiatica Linn, (CA), a well known medicinal herb, has been widely used for chronic
venous insufficiency, varicose vein, wound healing and memory impairment patients. The plant
contains several natural compounds including the triterpenoid glycosides, madecassoside -(MS),
asiaticoside (AS) and their aglycones, madecassic acid (MA) and asiatic acid (AA) which are
considered to be the active principles of CA.

A HPLC method was developed to determine MS, AS, MA and AA sunultaneously The
system comprises of a Hi-Q sil column (C18, 4.6x150 mm, 5 micron) as stationary phase, a 29:71
mixture of acetonitrile : phosphate buffer (10mM, pH 7.1) as mobile phase (flow rate 1.0 ml/min),
prednisolone (PL) as an intemmal standard with a photodiode array detector at wavelength 210 nm. The
retention time were found at 3.4 (MS), 5.4 (AS), 6.3 (MA), 8.2 (PL) and 18.2 min. (AA) respectively.
Each analyte samples from CA extract were cleaned up by using the solid phase extraction techniques
pnor to injection to the system.

The system was validated and found to conform to all the ICH guideline’s criteria. Linearity
(%) and range (mg/ml) of the standard curve for each standard compounds were found to be 0.9997 and
(0.06-0.40) (MS); 1.000 and (0.05-0.33) (AS); 0.9999 and (0.008-0.048) (MA) and 0.9999 and (0.004-
0.024) (AA). The accuracy measured as % recovery were found to be 100.16 (MS), 100.64 (AS),
99.68 (MA) and 100.14 (AA). The intra-day and inter-day precisions measured as %RSD were found
to be 1.60, 1.51 (MS); 1.21, 1.35 (AS); 1.75, 1.76 (MA) and 1.51, 1.50 (AA) respectively.

The systemi is applicable for quantitative analysis of MS, AS, MA and AA in CA extract.
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"Appendix Il

Poster Presentation I
The 21" Annual Conferences in Pharmaceutical Sciences,

Chulalongkorn University, Bangkok, December 23-24, 2004.

A TLC Method Determination of Active Constituents, Madecassoside and
Asiaticoside from Centella asiatica, Linn. in various seasons in Thailand

Suwanna Laungchonlatan*, Bungon Kongthong and Chamnan Patarapanich

Department of Pharmaceutical Chemistry, Faculty of Pharmaceutical Sciences,

Chulalongkorn University, Bangkok 10330, Thailand

The quantitative determination of two triterpenoid glycosides, Madecassoside (MS) and
Asiaticoside (AS) from the extract of Centella asiatica, Linn. (CA) has been studied by using thin layer
chromatography (TLC) technique. The TLC condition was as following, stationary phase (TLC plate:
silicagel 60 F254, 10 X 20 cm.), developing solvent mixture of chloroform : methanol : water (30 :15
:2), spray reagent (0.2% anthrone in 10% sulfuric acid in ethanot), temperature (110 °C. for 10 min.),

scanning with a densiometer detected at wavelength 525 nm. The Rh value was found to be 0.24 (MS)
and 0.29 (AS) respectively.

The method validation was performed base on the USP criteria. The accuracy measured as
percentage recovery were found to be 99.81 (MS) and 99.18 (AS), the precision measured as %RSD
were found to be 1.07 (MS) and 1.18 (AS). The Linearity () of the standard curve for MS was 0.9995
by the linear equation of y = 0.9809 x +0.1106 in the range of 1.08 — 21.60 mcg. while for AS was
0.9997 by the linear equation of y = 0.9721 x + 0.0604 in the range of 0.78 — 15.60 mcg.

The TLC method was applied to determine the.content of MS and AS in CA, collected every
months in one year cycle from two locations (I and II) in Nakormpatom province, the results were as
following: The average %w/w content in eleven months of MS in location I and Il were 0.827 +
0.353 and 0.86910.401, while the results of AS in location I and Il were 0.712+ 0.275 and 0.663 +

0.299 respectively. The content of MS and AS from CA in two locations showed no significant
difference (p<0.05). '

The highest MS content was found at 1.660 + 0.352 % w/w (1) in June and 1.678 + 0.183 %
w/w (I} in May, while the lowest MS content found at 0.321 + 0.039 %w/w (I) and 0.258 + 0.024
%w/w (I1) in the same month of February. The highest AS content was found at 1.052 * 0.234 % w/w
(1) inJune and 1.221 £0.098 % w/w (II) in May, while the lowest AS content found at 0.241 + 0.028

Y%w/w (I) and 0.205 + 0.031 %w/w (1I) in the same month of February. Conclusively, the highest
content of MS and AS in CA was found in May to June, and the lowest in February.
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Poster Presentation 11
The 21°* Annual Conferences in Pharmaceutical Sciences,
Chulalongkorn University, Bangkok, December 23-24, 2004

A HPLC Method for Determination of Asiaticoside, Madecassoside, Asiatic Acid
and Madecassic Acid in the Extract of Centella asiatica Linn.:
Development, Validation and Application

Chamnan Patarapanich*, Bungorn Kongthong and Suwanna Laungchonlatan

Department of Pharmaceutical Chemistry, Faculty of Phannab\eutical Sciences,
Chulalongkorn University, Bangkok 10330, Thailand.

The triterpene, Asiaticoside (AS), Madecassoside (MS), Asiatic Acid (AA) and Madecassic
Acid (MA) have been isolated from the well known medicinal plant, Centella asiatica Linn. (CA). The
plant’s main pharmacological action, wound healing and memory enhancing effect are believed to
relate to these triterpene compounds. We are interested in developing an isocratic HPLC method which
can simultaneously determine these four compounds present in its natural extract or its finished
products. B

The developed method comprise of a Hi-Q Sil column (Cig, 4.6x150 mm, 5 micron) as
stationary phase, a 29:71 mixture of acetonitrile : phosphate buffer (10mM, pH 7.1) as mobile phase
(isocratic elution with flow rate 1.0 ml/min), prednisolone (PL) as an internal standard and with a
photodiode array detector at wavelength 210 nm. The retention time were found at 3.4 (MS), 5.4 (AS),
6.3 (MA), 8.2 (PL) and 18.2 min. (AA) respectively. Each analyte sample from CA extract was
cleaned up by using the solid phase extraction technique prior to apply to the system in order to
improve satisfactory percentage recovery parameter.

The system was validated and found to conform to all the ICH guideline’s criteria. Linearity
(%) and range (mg/ml) of the stanidard curve for each standard compound was found to be 0.9997 and
0.06-0.40 (MS); 1.000 and 0.05-0.33 (AS); 0.9999 and 0.008-0.048 (MA) and 0.9999 and 0.004-0.024
(AA). The accuracy measured as % recovery were found to be 100.16 (MS), 100.64 (AS), 99.68 (MA)
and 100.14 (AA). The intra-day and inter-day precisions measured as % RSD were found to be 1.60,
1.51 (MS); 1.21, 1.35 (AS); 1.75, 1.76 (MA) and 1.51, 1.50 (AA) respectively.

Application of the developed system to analyze four triterpene compounds in the plant
samples which collected from different time period during one year cycle were also performed with
satisfaction. The content of compounds in the leaf and stem of the plant were also determined and
compared. It was found that leaf contains much more triterpene than in stem.
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Poster Presentation 111
The 23" Annual Conference in Pharmaceutical Sciences &
JSPS 1" Medicinal Chemistry Seminar of Asia/Africa Science Platform
- Program, Bangkok, December 14-15, 2006.

CONTENT OF ASIATICOSIDE, MADECASSOSIDE, ASIATIC ACID AND
MADECASSIC ACID IN CENTELLA ASIATICA (L.) URBAN COLLECTED
FROM VARIOUS LOCATIONS IN THAILAND

Pathom Somwong', Bungon Kongthong?, Suwanna Laungchonlatan' and Chamnan Patarapanich'
'Depanmen( of Pharmaceutical Chemistry, Faculty of Pharmaceutical Sciences,

Chulalonkorn University, Bangkok 10330, Thailand
23GS (Thailand) Limited, Bangkok 10120, Thailand

Centella asiatica (L.) Urban (CA) grows under a wide range of climatic conditions and has a
widespread distribution all over Thailand. In this study, 13 accessions of CA, collected from different
geographical locations of Thailand were evaluated for percentage content of four principle triterpenes
(asiaticoside, madecassoside, asiatic acid and madecassic acid). The fresh collecting plant was dried,
ground and extracted using methanol : water (8:2, v/v). Chemical analysis was performed to quantify
the content of triterpenes using isocratic HPLC with an Altech Alltima column (C18, 4.6x150 mm, 5
pm) as stationary phase, a mixture of acetonitrile : 10mM phosphate buffer pH 7.1 (29:71) as mobile
phase (flow rate 1 ml/min), a photodiode array at wavelength 210 nm as detector. All assessions of CA
exhibited chemical variations in percentage content of each triterpene. The maximum contents were
obtained as followed: asiaticoside 3.47% w/w (Rayong province), madecassoside 5.48% w/w
(Phisanulok province), Asiatic acid 0.39% w/w (Trat province), and. madecassic acid 0.91% w/w
(Chiangmai province). Furthermore, a comparative study of triterpene content profile in CA, collected
monthly from a commercial crop in Nakompathom province during the year 2003 and 2006 were also
evaluated. Similar maximum content of both glycosides was observed from sample collected in May,
however, percentage variation in aglycone content was also noted. Information obtained may utilized

as criteria for plant variety selection and commercial cultivars of high triterpenes content for further
isolation of pure triterpenes.
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A COMPARATIVE STUDY OF THREE EXTRACTION TECHNIQUES FOR THE
BIOACTIVE PRINCIPLES FROM CENTELLA ASIATICA (L.) URBAN

Pathom Somwong', Suwanna Laungchonlatan? and Chamnan Patarapanich?

'Faculty of Pharmacy, Rangsit University, Patumthani 12000, Thailand
!Department of Pharmaceutical Chemistry, Faculty of Pharmaceutical Sciences,
Chulalongkorn University, Bangkok 10330, Thailand

Three extraction methods, heat-refluxing extraction (HRE), ultrasonic-assisted extraction
(UAE) and microwave-assisted extraction (MAE) were comparatively studied and the content of
asiaticoside (AS), madecassoside (MS), asiatic acid (AA) and madecassic acid (MA) from the aerial
part of Centella asiatica (L.) URBAN (CA) were analyzed. The extraction solvent used was a mixture
of 80% methanolic aqueous solution while the temperature of medium was controlled at 70°C during
the extractive operation. The filtrate of each extracts was subjected to the high performance liquid
chromatography (HPLC) analysis which results show that higher percentage content of AS, MS, AA
" and MA from CA sample and shorter extraction time were noted in sample from UAE and MAE
techniques than from the conventional HRE method. Maximum percentage content of AS (2.93%,
w/w) and MS (3.34%, w/w) were obtained by MAE and UAE techniques, respectively. In addition,
UAE and MAE was also required only within 3 minutes operation whereas the HRE technique was
required more than 60 minutes to reach the exhausted extraction with the highest percentage content of
AS, MS, AA and MA. The present results confirm that extraction efficiency and considerable time
saving by UAE and MAE were more competent than the conventional HRE technique. '
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