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Abstract

Brahmi (Bacopa monnieri (L.) Wettst. Scrophulareaceae family) is well known as herbal medicine for
memory enhancing. Previous data from animal studies and clinical trial study in middle-aged and elderly
healthy volunteers showed that Brahmi standardized extract could enhance learning and memory. In this
intergrative project, we aimed at investigation of the efficacy and mechanisms of the extract in animals and
human. In addition, drug interaction and pharmacokinetics of the extract were studied. The chronic toxicity
was conducted in order to assure the safety of the plant extract. The guidelines for production and quality

control of Brahmi tablet and the raw material were made for technology transferring to industries.

In clinical study, total 60 healthy elderly volunteers were divided into 3 separated groups including
placebo, Brahmi extract at doses of 300 and 600 mg per day. The results showed that Brahmi extract treated
groups showed the reduction of acetylcholinesterase (AChE) activity. The enhanced activities of sueroxide
dismutase (SOD), catalase (CAT) and glutathione peroxidae (GPx) and the reduction of malondialdehyde
(MDA were also observed. Therefore, Brahmi extract might enhance working memory by increasing the level

of ACh and by decreasing oxidative stress leading to the increased working memory.

The effect of Brahmi ethanolic extract, in comparison with ginkgo extract and standard drug for
Alzhiemer’s disease, Donepezil, on superficial cerebral blood flow, blood pressure and heart rate in rats were
investigated. Two experimental procols were implemented including 1) Subchronic effect: Rats were orally
administered with Brahmi extract (40 mg/kg BW), ginkgo extract (60 mg/kg BW) or Donepezil (1 mg/kg
BW) daily for 2 months and 2) Acute effect: Rats were intravenously injected with Brahmi extract (20, 40, 60
mg/kg BW), ginkgo (20, 40, 60 mg/kg BW), and Donepezil (1 mg/kg BW). We found that subchronic
administration of either Brahmi extract (40 mg/kg BW) or ginkgo (60 mg/kg BW) significantly increased
superficial cerebral blood flow, but had no effect on blood pressure and heart rate when compared with
control group. On the other hand, treatment with Donepezil (1 mg/kg BW) for 2 months had no significant
effect on superficial cerebral blood flow, blood pressure and heart rate. Intravenous injection (i.v.) of Brahmi
extract (20, 40, 60 mg/kg BW) or ginkgo (20, 40, 60 mg/kg BW) produced a dose-dependent, transient
hypotensive effect and decreased superficial cerebral blood flow, but had no effect on heart rate in
anaesthethized rats. On the contrary, Donepezil (1 mg/kg BW, i.v.) had no effect on blood pressure and

superficial blood flow, but decreased heart rate.
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Due to a lack of information regarding its physiological actions on changes in synaptic transmission
and neurotransmitters in the hippocampus, we, therefore, investigated these issues by comparing the effects of
Brahmi extract to those of Ginkgo biloba and donepezil on learning and memory, induction of long term
potentiation (LTP), and changes of amino acid neurotransmitters in naturally aging rats. The results following
3 month oral administration of the extract/drug demonstrated that 40 mg/kg Brahmi extract -treated group
showed a similar efficacy of both spatial memory and object recognition as 60 mg/kg Ginkgo extract -treated
and 1 mg/kg donepezil-treated groups which were significantly better than those of the vehicle control group.
In addition, a biochemical assay of homogenized hippocampal tissues isolated from Brahmi extract group
showed increases of glutamate, glutamine, serine and GABA levels, whereas those from Ginkgo extract -
treated group showed increases of glutamate and serine and those from donepezil -treated group showed an
increase of glutamine and a decrease of glycine. These results indicate that Brahmi extract may act via the

changes of amino acid neurotransmitters in the hippocampus to improve a cognitive function of aging rats.

The ability of Brahmi extract to affect rat and human cytochrome P450 (CYP) activities was examined
in vitro. The potential for inhibition of CYP1A2, CYP2C, CYP2E1 and CYP3A by BME (1-10,000 pg/mL)
was evaluated with pooled rat and human liver microsomes. BME exhibited minimal capacity to inhibit any
CYP enzyme, compare to the reference inhibitors. Brahmi extract inhibited the O-deethylation of 7-
ethoxyresorufin, a marker substrate for CYP1A2 with IC, value of 59.4 and 836.1 pug/mL in rat and human
liver microsomes, respectively. Brahmi extract also inhibited tolbutamide hydroxylation both in rat and human
microsomes with IC,, value of 222.1 and 297.6 pg/mL, respectively but did not affect rat and human
CYP2E1. BME was found to be a weak inhibitor of CYP3A in rat and human liver microsomes with IC,;

value of 321.9 and 481.8 pg/mL, respectively.

The potential for induction of CYP activity was evaluated by exposing primary cultured of rat
hepatocytes to Brahmi extract (0.045-0.45 pg/mL). Enzymatic activities were performed by the direct
incubation of hepatocyte monolayers with the specific substrates of each CYP. The mean activities and
expression of CYP1A2, CYP2C and CYP3A from Brahmi extract -treated hepatocytes were slightly higher
than those in the solvent-treated controls but were less than those produced by reference inducers of these
enzymes. In summary, BME has been demonstrated in vitro to be a low potent of CYP1A2, CYP2C, CYP2EI
and CYP3A both in rat and human liver microsomes and a modest inducer of CYP in vitro in rat hepatocytes.
Due to the relatively low degree of alteration of the enzyme activities in vitro and to the concentrations of

BME required to obtain appreciable effects, a high incidence of clinically significant interactions would not be
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expected. However, these in vitro results are being used in evaluation of clinical reports of apparent herb-drug
interaction and in the design of subsequent studies targeted at further elucidation of the clinical relevance, if

any, of those in vitro findings.

The metabolism of Bacopaside I, one of pseudojujubogenin type glycosides, was studied in wistar
rats after oral and intravenous administration at the dose of 10 mg/kg body weight. An on-membrane analysis;
one of an immunoassay technique was used to analyze for Bacopaside I and its metabolites in urine and feces
samples collected after dosing at 12, 24, 36 and 48 h. The results showed that only feces samples after oral
administration could be detected for Bacopaside I while this compound could be detected in both urine and
feces samples from rats after intravenous administration. In addition, the results from quantitative analysis of
Bacopaside I in the samples showed non-relationship between Bacopaside I amount and time after
administration. More Bacopaside I was detected in feces samples after oral administration compared to

intravenously.

Acute toxicity of Brahmi extract was conducted in male and female rats by single oral administration
with the extract at 5,000 mg/kg body weight. The toxic signs and behaviors were observed within 14 days.
The results showed no sign of differences as compared the control rats. In conclusion, single oral
administration with the Brahmi extract at 5,000 mg/kg body weight did not significantly cause acute toxicity.
For the chronic toxicity test, after oral feeding both male and female rats daily with the Brahmi extract at 30,
60, 300 and 1,500 mg/kg body weight for 270 days, signs, animal behavior and health monitoring were then
investigated. There were no abnormalities in the test groups as compared to the control rats. Furthermore, the
test and control groups (the day of 270th) and the satellite group (298th) were analyzed by measuring their final
body and organ weights, taking necropsy, and examining hematology, blood clinical chemistry, and
microanatomy. The results show an increase or decrease of body and some organ weights, significantly
difference of some hematological and clinical blood chemical values when compared with the control groups.
However, analyses of these results combined with the information of signs, behavior and health monitoring
can finally make a conclusion that an oral administration of the Brahmi extract at the doses of 30, 60, 300 and

1,500 mg/kg body weight for 270 days does not produce chronic toxicity.

The guidelines on good agricultural and collection practices for Brahmi, the Guidelines for analysis of
saponins in Brahmi and the guidelines for manufacturing of Brahmi tablets were established from the
experimental work. Brahmi was ready for harvesting 2 month after cultivation. The shoot of Brahmi which

was 10-20 cm from the topmost of the plant was collected, dried at 55 °C and ground. the dried Brahmi

ix



powder should contain total saponin glycosides consisting of BacosideA,, Bacopasaponin C, Bacopaside I, 11,
and Bacopaside X not less than 1 % w/w. The standardized extract of Brahmi should contain not less than 5 %
total saponin. The production of Brahmi dried powder was approximately 40 kg/rai/month. The cost of tablet

was calculated as 2.3 baht /tablet.
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BME Bacopa monnieri Extract

cDNA Complementary deoxyribonucleic acid

CYP Cytochrome P450

Ct Cycle Threshold

DMEM Dulbecco’s modified eagle medium

DMSO Dimethylsulfoxide

EROD Ethoxyresorufin-O-Deethylase

HEPES N-[2-hydroxyethyl]piperazine-N’-[2-ethanesulfonic acid]
HMM Hepatocyte maintenance medium

HPLC High performance liquid chromatography

ITS Insulin transferrin selenium supplement premix

LLOQ Lower limit of quantification

mRNA Messenger ribonucleic acid

MTT 3-(4,5-Dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide
ND Not done

NR Not reported

OD Optical density
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PCR
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GPx
MDA

mg
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mg/kg
mg/ml
ng/kg
g/mL
ul, uLL
BW
NE
DNP
SNP
DP

SP

S.E.M.

Phosphate buffered saline
Phenobarbital
Positive control

Polymerase chain reaction

Tris(hydroxymethyl)-aminomethane

Standard deviation
Acetylcholine
Acetylcholinesterase
Glutathione peroxidase
Malondialdehyde
Milligram

Millisec

Superoxide dismutase
Milligram per kilogram
Milligram per milliter
Microgram per kilogram
Gram per milliliter
Microliter

Body weight
Norepinephrine
Donepezil

Sodium nitroprusside
Diastolic blood pressure
Systolic blood pressure

Standard error of the mean
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LTP
DG
CA
SC
EPSP
NOR
BM
5-HT
LOQ

LOD

ng
PES

PBS

ppm

Acetylcholinesterase inhibitor
Long-term potentiation

Dentate gyrus

Cornu ammonis

Schaffer collateral pathway
Excitatory post-synaptic potential
Novel Object Recognition
Bacopa monnieri

5 hydroxytryptamine

Limit of quantification

Limit of detection

Coefficient of determination or correlation

Degree celcius
Nanogram
Polyehtersulphone
Phosphate buffer solution
Round per minute

Part per million

Molar
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Abstract

Bacopa monnieri is one of the potential herbs. Previous data from animal studies and clinical trial
study in middle-aged and elderly healthy volunteers showed that B.monnieri extract could enhance
learning and memory. However, the precise underlying mechanism is still unclearly known. Therefore,
this study aimed to clarify the effect of B.monnieri on this aspect. Total 60 healthy elderly volunteers
were divided into 3 separated groups including placebo, B.monnieri at doses of 300 and 600 mg per day.
All volunteers had been administered the assigned substances for 3 months. They were evaluated the
activity of acetylcholinesterase (AChE) enzyme, the indirect indices indicating the level of ACh and
which played the important role in learning and memory. The assessment of serum oxidative markers
including sueroxide dismutase (SOD), catalase (CAT) and glutathione peroxidae (GPx) and the level of
malondialdehyde (MDA) were also performed. All evaluations mentioned earlier were performed after
1, 2 and 3 months of treatment and at 1-month after the treatment cessation.

The results showed that B.monnieri treated groups showed the reduction of AChE activity. The
enhanced activities of SOD, CAT and GPx and the reduction of MDA were also observed. Therefore,
B.monnieri might enhance working memory by increasing the level of ACh and by decreasing oxidative
stress leading to the increased working memory. The current data support that B.monnieri is the potential
herb to develop as nutraceutical product in order to enhance learning and memory in elderly. In addition,
it may also provide benefit for other types of cognitive impairment such as mild cognitive impairment.
However, further researches are still required including the possible active ingredient responsible for the

cognitive enhancing effect.
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ACh acetylcholine

AChE acetylcholinesterase
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acetylcholinesterase enzyme, 3 2AL scavenger enzymes activity, lipid peroxidation {03 2@l monoamine
oxidase

Wielumaithss Sadihe fthesz183umsas19 clinical chemistry profile Usznouday sz
yina Ui liver function test BUN 1@ creatinine 1A cortisol1u plasma 1Az #339158iuAY
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2.3 msasdalsziumsilasuui/as biomarkers
a d .

2.3.1 msdszidivenlasl acetylcholinesterase

vwszliniSunar acetylcholinesterase lutdaanasnind lasuwaearinaon lUfluwu 10 wi
I o A 9 o 4 o a
A5 5000xg ThmsReaalerlealativmes 0.1 M pH 8 111 plasma 10 luTnsansaslu plate
Y
Td ealatimimlos 200 Tulnsansld dithiobisnitrobenzoate (DTNB) 0.01M $1143u 20 luTasansia
13 5 uiiiloselATe 1du acetylthiocholine iodide (ATChI) 0.075M 31121 10 TuTlasaasudairly

'
v A

a7 412 w Tuuas ™
2.3.2 M31/5213U52AU monoamine oxidase

11 plasma 199919 sodium phosphate buffer (0.1 M, pH 7.4) and Jun 15,000xg WU 20 W
waeannduihaiuile Supernatant 1930 MAO  Taewdiy Tris buffer (0.1 M, pH 7.4) 31U 2.75
1adans 1AL 4 mM 5-hydroxytryptamine 31431 100 luIasaasduldidniuminisda of were mixed in

A A 47
spectrophotometer NP INAQAU 280 W Twwas 5 Wi
2.3.3 msdsziiuseau malondialdehyde (MDA) #a2n13N1914YD4 scavenger enzymes

EMIa MDA Tagm3sii1 plasma lavaeaudl @y 10% TCA (Trichloroacetic Acid) $1474
125 llikliﬂiaﬁli, 8% SDS (Sodium dodecyl sulfate) 200 hlllTﬂiS@i, 5Mm EDTA

(Ethylenediaminetetraacetic acid), Taed TEP (1, 1, 3, 3-tetramethoxy propane) a5 83 standard warn 19

a =

Y v
nunal3 10 Ui 1Ay 0.6% TBA (thiobarbituric acid). W1 lUAvwIM Nguugl 95w IBRITOTUIU

U

Qy < o y 1 < a 2’ o a aa < o
30 winna Blaui ludaesldigunduan wndu 1 4adansanusa 4,000xg 111 10 W19 1

daula'liSan anuees 532 i Tuwas™
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2.3.4 Emsia catalase

iy plasma *30 standard Tu plate M ld hydrogen peroxide 50 Tulnsaas nald 1w 1d

nsadayin 25 Tulasdasld TuunaFoulosuuaniuua 100 lulnsaas iinsda 7 515 uluwas”
2.3.538M590 superoxide dismutase

9
14 plasma %350 standard 11 plate ¥d991NATBNANTAVTIAUUA NN UAIUA 50 mM
potassium phosphate, 0.1 mM ethylenediaminetetraacetic acid (EDTA), 0.01 mM cytochrome C, 0.05 mM

xanthine 1811 plate 200 1 1af xanthine oxidase 20 luTasans ¥lUSananueninau 550 w1 luwas™
2.3.6 38M5IA GPx

ld plasma %30 standard 1u plate TdasUsenouale48 mM sodium phosphate, 0.38 mM EDTA,
0.12 mN B-NADPH, 0.95 mM sodium azide, 3.2 units of glutathione reductase, 1 mM glutathione (GSH),

0.02 mM DL-dithiothreitol, 0.0007% H,0, 314w 200 ul 11 l5ananuenaan 340 wilumas™
2.4 Statistical analysis

MIUATIZHHANMIITenMIasuuilas Aunds  (Mean) ¥99MoCA Thai ttag TMSE 6

Hedrynuanaazsenudiolin P <0.05

a 4 A . a 4 aa A = = 1
M3 IzHMsasunlaives biomarkers 932 AATIEHNWADANUTIVINILANNUANA
1 U 9 =) = 1 1 U v @ 9J
igﬁ’JNﬂQMTﬂﬂ{lﬂf ANOVA Ssuieuanuuanaeseridneutasiassulsemulaely student

pair t-test U1 two-tailed 1 P-value<0.05
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13190 1-1 mﬂyﬁWﬂﬁ'luﬂJﬂﬂﬂ']ﬁWﬁiJﬂi‘Vll‘llTi’JllTﬂﬁ\‘lﬂﬁ (N=20)

e

%’agaﬁug U Pre-dose baseline value
Age (years) 59.12+7.37
Education(years) 7.27+4.14
Full scale 1Q 94.95+9.22
Blood sugar (mg/dl) 90.18+11.31
Blood pressure (mmHg) 119.97+8.94 / 80.45+4.34

3.1 msifazumla biomarkers vosonaasinsnd

TunsAnimsnaeunlainsihanues acetylcholinesterase(AChE) danaaaluaisiad 1-1
wuh ereinsngud 185 uasaiansudivinatuag 300 fadnsueslinmsihamveuowlel AChE
anasnaus Inaly 1 heu (p-value<.05 g Ubaseline) waziftotaus Tnauawihi 2 uag 3 dou
Saenumanldeunlasdangsanunniy (p-value<.001 tounUbaseline) wazdausivgaus Ina'l1l

=% = @ 1 ~ @ o
1 weundndamumsasunilasdanan (p-value<.05 tigufvbaseline) NMIAAAIVBINITHINUVDS

1 IS)

Jd o 1 A A 1 A A v o w 09/1
mu”lmumﬂmﬂumaum 2 uag 3 wanasnnnlu@eun 1 DYNUUHYTINY (p-value<.001 MINUA

S o %

[ 1 < [] 1 1 o [ a @
Lﬁﬁmﬂﬂbaseline) ’E]EJNU]J'ﬂ@'nllulllW‘]Jﬂ’NlleﬂﬁN’E')EJN?J‘L!EIﬁWﬂﬂJﬁ%‘Vi’JNﬂ?iﬂiiﬂﬂﬁ'ﬁﬁﬂﬂ"ﬂﬂ?@
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3 [ A = = o E& 1 1 oA Yo
uﬂﬂMﬂHUENW‘]J’NHJ’E)LﬂiEl‘]JmEl‘]Jﬂﬁ“l/n\ﬂu"llENL@uhlG]ﬁJﬂ\‘iﬂﬁTJi%W’JNﬂQN%Mlﬂ‘i‘U placebo

=

nazngu lasumsanansuil sgnunemadnsi ldsuansanansuiivinaiuay 300 daaniuezll

v
A o v % 1

o o ' o Yo o a A 1 9y I
mﬂmﬂuﬂlmmullcm AChE aﬂaﬂ'ﬁ]El']\uluflﬁ']ﬂﬂlu@NLL@“@iUﬁ’IﬁﬁﬂﬂWﬁNNﬂlu’]ﬂﬂﬂﬁ1')"1]1\3§]uhlﬂlﬂu

A =1 [ ~ Yo A A a 3| A <3
111 1 190U (p-value<.01 mwnunqw”lmu placebo) WOINNTZEZIAIMITUT Inadlu 2 1ag 3 1houn

%

] ] £ v
danumsnlasunasitiiedify (p-value<.001 Nennaiounungun 1a5u placebo) ndngansInn

S o { [ 1 o 1 { o o '
T 1 @eundanumsnlasuuasdinan(p-value<.01 o ungui Iasy placebo) lusienainsngu
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@ @ a @ A a o d { o @ 1
N ﬁiﬂﬁWiﬁﬂﬂWiNNﬂluWﬂﬂuaZ 600 daansunnumsasuudaslumueuneInu uavEwuNs
td'd £ o = %

nasuulashiidvdwaniioacusinalyl 1, 3 Weunaznasgausianlil 1 Hou (p-value<.01, 05

o v A Y oAy Yo
iag .01 @13Ja1ﬂﬂl‘1/]ﬂﬂﬂ‘]_lﬂq1l1ﬂblﬂiﬂ placebo)

MmN 12 uaasmsasunain1siiauves acetylcholinesterase (AChE)veseaainsn lasy

placebo ttazo1enainsnan Idsuasanansuivinaiuag 300 uaz 600 Haansu (n=20 ngw)

Dose/time Baseline 1- month 2- month 3- month Delay
AChE Placebo | 21.31+4.70 23.88+4.32 21.22+3.48 21.77+3.39 23.15+4.04
(umol/min. F(0.0500,4,95)
g.protein) =1.7499

P=0.1455
300mg | 22.47+4.81 19.82+3.16" 143142, 50" e @@ 15.87+3.28 @@ 19.73+3.01"
Compare F(0.0500,4,95)
Within = 18.2771
Group p=3.647E-011
600mg | 20.77+3.96 19.16+2.58 19.62+3.32 19.5043.60 19.67+2.83
F(0.0500,4,95)
= 0.6844
P =0.6044

Dose/time Baseline 1- month 2- month 3- month Delay
AChE Placebo | 21.31+4.70 23.88+4.32 21.21+3.48 21.77+3.39 23.15+4.04
(umol/min.
g.protein) | 300mg | 22.47+4.81 19.8243.16" 14.3142.52"" 15.87+3.28" 19.7343.01"
Compare
Between 600mg | 20.77+3.96 19.16+2.58" 19.62+3.32" 19.49843.60 19.669+2.83 "
Group F(0.0500,2,57) F(0.0500,2,57)= | F(0.0500,2,57) F(0.0500,2,57) F(0.0500,2,57)

=0.7371 11.1355 = 26.5942 =15.1186 = 7.1453
P =0.4830 P = 8.273E-005 P = 6.943E-009 P = 5.401E-006 P=0.0017

# = p-value <0.05 fSeumeuny baseline, ## = p-value <0.011Founeuny baseline, ### = p-value
<0.001 1fTouNeuR baseline
* = p-value <0.05 SIETAIINT ﬂﬂﬁﬂplacebo, *#= p-value <0.011/5ouey fT‘]Jplacebo, *#%= p-value <0.001

15euNeunY placebo
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* = p-value <0.05 1S 8UNBVAY I-month., ““ = p-value <0.011SoURIVAV1-month,

@@@

= p-value
<0.001 1/38UNVND 1-month.
b = p-value <0.05 5o gUNU2-month., ® = p-value <0.01Lﬂ§ﬂULﬁ8UﬁU2—month, o~ p-value
<0.001 1/38UMVND2-month.
=) = 3 =) = 7
| = p-value <0.05 11/581NeUNUdose 300 mg, !! = p-value <0.0 11158 NauNUdose 300 mg,!!! = p-value
<0.001 tfSeueuitdose 300 mg
= = [ = = (%
d = p-value <0.05 wseumeuny delay dose, dd= p-value <0.011Feuneuny delay dose, ddd = p-value
<0.001 tfFeuneuny delay dose
amzdave lashnmsdnymslasuulases oxidative stress markers ldunmsilasunilasves
AU malondialdehyde (MDA), miﬁNmmmmu”l%ﬁ&ﬁu@uu”aﬁﬁﬁz”lﬁuﬁ superoxide dismutase
. . @ = =
(SOD), catalase (CAT) 182 glutathione peroxidase (GPx) A3LLe ﬂﬂug 1n1-2991-5
{ ] 1 @ { @ @ a @ A a o
iﬂﬂgﬂﬁ 1-2 fl]$L1’Yu’J'l@Tr?ﬂ’ﬁ'llﬂiﬁ1éjiﬂﬁ1§ﬁﬂﬂWﬂJNﬂlu1ﬂ’Jua$ 300tag 600 uaaﬂimzﬁ
@ 1 A v o w 3 1 [ a Y A 3 ~ @ .

3¥AU MDA ﬁﬂﬁ\‘l@‘(’ﬂ\‘muﬂﬁ1ﬂiy¢]%m1’iﬁﬂﬂiIﬂﬂhl@] 19U (p-value<.01 MAUUANYUNY baseline)
A A a I A @ a A S o A
LN@L‘WNigfJ&’Jﬁ”Iﬂﬁ‘USTﬂﬂL‘ﬂ‘L! 2,3 190U LaY ‘Hﬁ\iﬁq@‘ﬂﬁiﬂﬂqﬂ 1 @ ndanumstlasuulas
(% 1 A d‘ csj = (% . A z:i o w
ANNA (PDUN 2: p-value<.01 MINNUANYUNY baseline; FADUN 3: p-value<.001 ag .01 MNAIAU

E4
MV baseline; delay: p-value<.01 NINUANYUNU baseline)

BM.MDA:Percent change

10.00
0.00 r ﬂ\ﬂm'/k__.
Bsaeline™, 1-m 3-M Delay

-10.00 \

-20.00 \__‘_\ Hi - e
-30.00

-40.00 g —

-50.00

—4+#—Placebo —l—BM300 BMGE00

517 1-2 m3ulAsunilassz@ malondialdehyde (MDA) lunanaunveseraiaiinsnan 145U placebo
uazorenainsN IdsuasanansuivuiaTuag 300 Loz 600 Haaniu (n=20 Naw),

## = p-value <0.011UT8UNeUNY bascline, ### = p-value <0.001 1/5801NeVND baseline
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BM.SOD : Percent change

250.00
200.00 Hi#H -
150.00 A— =
100.00 it ﬂﬂ/ #itH .,
P
50.00 /-"'} .
0.00 - — o - -
-50.00 bsaeline 1 mo 2 mo 3 mo delay
—#—Placebo ——BM300 BMEOO

= = o ¢ . . <
5U7 1-3 msnldsundlasmsiauvesou 14l superoxide dismutase (SOD) Tunaraiveseraaiiag
ady Yo @ ) Yo v a @ A a o
ﬂﬂﬁﬁhlﬂi‘ﬂ placebo LlagE]’lﬁ’lﬁilﬂiﬁhlﬂiﬂﬁ’liﬁﬂﬂWiiJll"Uu’lﬂquag 300 g 600 WaanIy

(n=20 ﬂfjll) ### = p-value <0.001 1/Feuneuny baseline

Mgl 1-4 szwuhermaiasi Idsuasanansuivmaiuaz 300 daansuly 1, 2 uaz 3

= o &Y [ A -4 1 v o @ o @
wouvziimitauveaeu laddenarimuiuedniived Ay (p-value<.05, .01 1ag .001 AWEIAY
eV baseline) tamstlasunlasaenanzrielinamgaus Inamsanalld 1 @eu luvmei

v { [ [ a [ A a o o J v 1 Q' -4
p1nadasildsumsanansuivinaiuay 600 Taansuazinmsianuveaeu laddanaiimuyy
n’/‘ =) A d' v U [ d' A 9 [
awavuilnall 1 @eutazmsndsunasdenandsnanui 2, 3 @eunazuilumenasnnvga

5 Tnaly 1 @ou (p-value<.001, .01, .001 1z .001 MUSAVIAGUND baseline)
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BM.Catalase : Percent change
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sif1-4 maaoumlasmsiinuvesiou e catalase (CAT) Tunarainveseraadinsnan1asy
placebo aze1aalins N IdsuensanansuivuaTuaz 300 1ag 600 Haansy (n=20 Nau) #
= = Y . = ~ Y .
= p-value <0.051F8UINBUNY baseline, ## = p-value <0.011UTo VNIV baseline, ### = p-
value <0.001 11/38UNBUNY baseline
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9 v
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0 ¢ . . P 4 < A A A a
Maveaou lal glutathione peroxidase AUz ziiumslasumlasiiitedaniious Tnna 1
14 2, 3 1dounazndangaus Inalu1d 1 fou (p-value<.01,.001 1oz 001 ANAIALITABUNY baseline)
%] A Yo Y] a Y] Aa a o I ~ o =) Y]
pranminsn lasuasadansuivinaiuas 600 Naansueanimsnasumlasluiiueufednu

(p-value<.001, .001 112z .01 MNAAVINBUNY baseline)aauanlugilin 1-5
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Abstract

Bacopa monniera (Brahmi) is well known as herbal medicine for memory enhancing, but its
mechanism of action, in particular, regarding the effect on blood flow to the brain is still unknown.
Therefore, the present study aimed to investigate effect of Brahmi ethanolic extract, in comparison with
ginkgo extract and standard drug for Alzhiemer’s disease, Donepezil, on superficial cerebral blood flow,
blood pressure and heart rate in rats. Two experimental procols were implemented including 1)
Subchronic effect: Rats were orally administered with Brahmi extract (40 mg/kg BW), ginkgo extract
(60 mg/kg BW) or Donepezil (1 mg/kg BW) daily for 2 months and 2) Acute effect: Rats were
intravenously injected with Brahmi extract (20, 40, 60 mg/kg BW), ginkgo (20, 40, 60 mg/kg BW), and
Donepezil (1 mg/kg BW). We found that subchronic administration of either Brahmi extract (40 mg/kg
BW) or ginkgo (60 mg/kg BW) significantly increased superficial cerebral blood flow, but had no effect
on blood pressure and heart rate when compared with control group. On the other hand, treatment with
Donepezil (1 mg/kg BW) for 2 months had no significant effect on superficial cerebral blood flow, blood
pressure and heart rate. Intravenous injection (i.v.) of Brahmi extract (20, 40, 60 mg/kg BW) or ginkgo
(20, 40, 60 mg/kg BW) produced a dose-dependent, transient hypotensive effect and decreased
superficial cerebral blood flow, but had no effect on heart rate in anaesthethized rats. On the contrary,
Donepezil (1 mg/kg BW, i.v.) had no effect on blood pressure and superficial blood flow, but decreased
heart rate.

In conclusion, the present study demonstrated the efficiency of Brahmi extract in increasing
superficial cerebral blood flow, when given orally for 2 months. Future study on its mechanism of action

regarding the increase of blood flow is still required.
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mg/kg Milligram per kilogram
ng’kg Microgram per kilogram
BW Body weight

NE Norepinephrine

DNP Donepezil

SNP Sodium nitroprusside
DP Diastolic blood pressure
Sp Systolic blood pressure
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model ML191, ADIstruments) #4@008111 PowerLab 4SP (ADIstruments) daya1ain3 lnadou anw
[ a [ o a o
dulatia azdnsmsduvesinlorzuaasuuneuiiames lasl¥11sunsy  Chart v.5.4 (ADIstruments)
(310 2-2B)
dy = = a [ a d' A a a
msnaaetivzilseuneudSinauazonsims Ivaveslarianvasadeauasus nUAIAND
anuauTatia uazdaiimaduvesialylunyusazngu 1dun ngulda  (Intravenous injection) #13
[ a [ [ A [
anaayulwsnsudl (20, 40, 60 mgkg BW) a1sanauilznie (20, 40, 60 mg/kg BW) s UNNAUAY
Norepinephrine (1 pg/kg BW) #1aAAUAYN  Sodium nitroprusside (25pg/kg BW) LazIININTIIU
Y
Donepezil (I mgkeg BW) lagifSeufieussrninanauuasnaimsnaalsananinel saunadnyIna
[ 1 { [ [ a [ (9
aanan lunsdivyn ldSuasadansudl (40 mgkg BW) asanauilzing (60 mgkg BW) 115081
. 1< A = = ' 1 1A Y
A3 Donepezil (1 mg/kg BW) Hlunan 2 o TaonfJoumsussninnguarvguuaznguin i

mMIanansoen

a ¢y
3. MIAALHUdY A
1 [} a [ 9 Y] d' a =
ﬂ1ﬂ’31llﬂu1'd°ﬁﬁ @GliWﬂTﬁlﬁu"U@\ﬁ’i’ﬂﬂ uae miLﬂaauuﬂawmuanﬂagmmmﬂwana U

Tatia 9zgnirusmiethmmadsazandounuinasge aaane 1dlumsnaaeuniu

mehﬁzwiiwﬂa:mm%’mg,aﬁa One-way repeated measures ANOVA LALANAIY Dunnett’s pos hoc

o w " v

9
test 48z 19 Student’s paired r-test NAFOUANUUANANVDITOYD TasAsANTod RN 0.05

9
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UNA 3
Wan1sIvguazenNisena

3.1. HaURIMSs InsUMsananIeeINAsgIUMSIaansHUAAABN UL 2 1ADY (Subchronic effect)
3.1.1 wanenNuaulaiin tazdnsimsiuvesilaluriynaassitliaan (Subchronic effect)
A Y Yo @ a A @ (]
weldnynaaesldsumsanansud aia 40 mgkg  BW n3e ansanauilznie vina
] I o ]
60 mg/kg BW n30 8 Donepezil ¥U19 1 mg/kg BW 10U mathn funar 2 heu udriannudu
a & 1 o a o % v W
Tatia Fuilumnnuaulaiagegaumzinladiuaa (Systolic blood pressure) N19%14 WAz IABATING
9 o Ao A A J . ' @ a o
wuves laluvuzndainaaoslianedneluginial  Restrainer wuANNAU Tafiaazdnsns
duveaialalunguatuauilddiazaroasana (Distilled water) hinana1edieiiiedAngmnig
aa oA Y [ A A = ~ ' = [y o u’j
anaannnguin Iiasananioe (p > 0.05, ANOVA) WenlFoumeunislugiessezianfeiiv Aty
Y [ a [ () A A LY A =3 [P} 1 [
M3ldansanansul  asenaudenie 30 81 Donepezil AAABAUUIY 2 AU L TNadanUAY

Tafia (@15197 2-1) wagdaimsuvesialalunynanes (Ms19h 2-2)

15197 2-1 WAVEIETANANTUY (Brahmi extract) UUIA 40 mg/kg BW asanaulzme ( Ginkgo
extract) YU1A 60 mg/kg BW 118 81 Donepezil ¥U1a 1 mg/kg BW 1iialviniaiin Wuszezina 2 ifow
aamanlasuuilasvesninuaulaiia (Systolic blood pressure) TurynAaaINUaf (Conscious rats)

A1914 ) A® Mean + SEM (n = 5)

Systolic blood pressure (mmHg)
Drugs
Month 0 Month 1 Month 2
Control 114.6 £4.92 129.4 £2.66 122.2 +£5.45
40 mg/kg BW Brahmi extract 105.8+3.10 124.8 £2.69 114.8 £2.84
60 mg/kg BW Gingko extract 1144 +4.46 138.4+6.25 118.0 +4.34
1 mg/kg BW Donepezil 120.8 +£4.88 123.4 £5.38 114.6 £5.65
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M990 2-2 NAVOIANTANANTUN (Brahmi extract) YUIA 40 mgkg BW asanaudenie ( Ginkgo
d <

extract) YH1A 60 mg/kg BW, 118281 Donepezil Y119 1 mg/kg BW tilalimathn duszeznan 2 heu

AodnI1MIauYriale (Heart rate) Gluwgmamﬁﬁﬁﬁ (Conscious rats) AN 9 Ao Mean + SEM

(n=15)

Heart rate (BPM)
Drugs
Month 0 Month 1 Month 2
Control 402.28 +12.78 345.44 +£29.89 333.44 +£10.58
40 mg/kg Brahmi extract 385.64 +10.24 325.40+5.49 336.74 +1.80
60 mg/kg Gingko extract 399.82 £11.18 329.52 +£17.92 336.00 = 12.85
1 mg/kg Donepezil 368.10 = 14.39 314.26 £ 12.82 290.98 £ 12.34

\ d' = a d' a I A Y
3.1.2 Nﬁﬂi’]ﬂ“li!‘ijﬁﬂu!!‘llaﬂﬁlli’)ﬂﬂ1§nl“r‘iﬁ!’38uiﬁ‘Vim‘ﬂ‘v\ngﬂﬂinm‘ﬁﬁi’)ﬂ!ﬂi’)ﬂ!!ﬂﬂﬂu!ﬂi’)ﬁﬁlﬁﬁl@chu‘i’ilé
naasINaay (Subchronic effect)
4 2 D, o A 0o q ¥ Y o ~
Lll’e)ﬂ’u?ﬁ]ﬂ1§1ﬁﬁ1§ﬁﬂﬂ!ﬂl&i$ﬂ$£’)ﬁ1 2 10U ﬁuﬁﬂﬂﬁﬂﬁgﬂﬂﬂﬁﬁﬁﬂ waiamsasunilag
= a A A = A 9 [ o oA A
611’e)ami”lwanfJuTawﬁmw131/1mnmﬁaamaammmuwanmfmaﬂﬂmﬂiu@]umuwwa@ma@mm
1w ] 4 U 1 A 4
Huwamiy edurgudnaisdszana 100 pm) lunnngunsnaaes nuNIMINLTUYDINT
~ a A A = A Y U A v o W oA P 2
"l?iﬁL’JEJL!TEI‘HWTIW13‘1/]1]3L’Jm14ﬁ’E)ma’E)ﬂLL@NUulﬂﬂﬂuﬁﬂ@ﬂ@ﬂNNuﬂﬁWﬂﬂﬂuﬂquﬂblﬂiﬂﬁ’”liﬁﬂﬂ
a 1 1 [ [ Y 4 o U
W31 (40 mg/kg BW) uazﬂqmﬁ"l,ﬁ'iumsﬁﬂmgﬂzmﬂ (6 0 mg/kg BW) tionfssuiisununguaiunam

(p < 0.05, one-way repeated measures ANOVA 8¢ Tukey’s test) AA1IND ANDBVBIBATINS IHaeu

[

Taftanguarugy nquit lasumsatansud wazensadaudefelinumdy  2337+125, 3002+108

Y )
=2 A o

P { A (a Ao ' A ~ ~
(NNUY 28.45% LﬂJ’t’)LﬂiEJ‘]JmEJ‘Uﬂ‘]JﬂQﬂJﬂ’mﬂM ), 1ag 3110206 (LNWUVH 33.08% LJJE’JL‘IJiEJ‘]JLVIEJ‘]JmJ

9 E4 H
NQUAILAN) Perfusion unit (PU) awdray iedl lufinnuuananszrinngui ldsuasadansuil fu

Q q

i
1 =

£ @ (23 ~ 1 9 . =
ﬂqw"lmumiﬁﬂmgﬂzmﬂ (31U 2-3) dIUM3 1Mo 1 mg/kg BW Donepezil (2834+144 PU) Wyl

9 Q' = a 1 N v o W an d’ =) = (% 1
uuﬂuuLwnmi"lwan&mia‘n@l,m”lmuamﬂtymmaﬁ (p > 0.05, ANOVA) anfssumeunungy

AuAN (317 2-3)
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*
4000 -
*
3500 A
5 3000
S
‘% 2500 7
2
5__’/ 2000 A
2
S 1500 1
©
8 1000 A
0
500 -
0
Control 40 mg/kg 60 mg/kg 1 mg/kg
Brahmi extract ~ Ginkgo extract Donepezil

Y [ a @ 3
gﬂﬁ 2-3 HAUDIMTANANTNY (Brahmi extract) YHU1A 40 mg/kg BW asanaulznie (Ginkgo extract)

y S 1
Y119 60 mg/kg BW, 118281 Donepezil ¥118 1 mg/kg BW e ldmaihn ifuszezinan 21heu dens
nasunlasms nafeu Tadialuvasadeauasninlaenaueslunynasssiaau

1 1 A d‘ =) ~ 1 U U :; 9 v
A9 ) AD Mean + SEM (n = 5-6), *p<0.05 Lll’t)!,l]'iﬂ‘]_lme‘]Jizﬁ’JNﬂq&lﬂlUﬂiJ Llﬁzﬂquﬂsl‘ﬁﬁﬁﬁﬂﬂ

3.2 WAYRIN3 I3 UM saNAKIeeINAIFIUMIIAEMsRaMarasaend (Acute effect)
dyd v AA o a 1%
MsAnEIIuMSANMINAIUL Acute effect YOIETANAAN 9 NUADANUAU Tatia OATINT
9 o d‘ =) a d' a = d' 9
duveeiale tazmanldsuwlasvesns Ivafeu Tadammigiusnavaoa@oauaI LB HUTNDS
Tuvynaaosiday ¥ Tasdoaais Polyethylene tube 1184 Femoral vein ioRaasanaa1s 9 Hiu
191114 Intravenous injection Taelgansanansuidvuina 20, 40, 60 mg/kg BW w30 msanaulenie
YUIA 20, 40, 60 mgkg BW 1300110551UA 9 AR 1 mgkg BW Donepezil (DNP), 1 pg/kg BW
Norepinephrine (NE) 1182 25 pug/kg BW Sodium nitroprusside (SNP) (a2 ada @18 Polyethylene tube on
81118 Femoral artery dmisuiannudulafiauazdnsimsduueariale vaz@erdusiimsiams
a = a A a A A 9 9 [ Y] 1
nasuuasuesnms nadeuTadamwizhuinuvasamoauasuubeuanes lunieuiu daed1s
niAmAuauladanazdnsins InadeuTadammeinannms 1¥ewnasgiu - NE 1ag SNP

HaReag1i 2-4
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Cerebral blood flow

0.9% NaCl NE 1 pg/kg b.w. SNP 25 pg/kg b.w.

!

Arterial blood pressure

<

1 min

d' A d‘d Q(l d‘ (%} a =~ a d’a
3U0 2-4 mamsnadeumsnIeeNlgniaomsnlasumlasnnuanlafia nagms lvadou Taria i
a' v o Y a a [ ] 1
aued Iagisuanmsnadlinazals (0.9% NaCl) a1e1l3u1a5 0.2 ¥a./10 31 lidewalag aems
d‘ % a A =) a d’a ld‘ = . .
wasuulas  anudulatia wsems InafeulananAiauss uakiona Norepinephrine
£ g A A o o ~ o q A o ' A o
(NE, 1 pg/kg BW) uiluansimmumsiauvesinlaliu mlvivaoamoaraaiuaz danaiiunuau
a o Y ] a =) A Aa A d? (] <3 Y o @
Tatia aunsoildanuauTadauazms Inadeu Tadanmiaueunugeiuediuviu lade asai
unuraieaamsnh livasaeanaeduazannnuau lafa 1y Sodium  nitropruside

(SNP, 25 ng/ke BW) amngai 1ims lvadeuTafiaimauesandiasediauiiu lden

3.2.1 waslenNNAUaHA HazdNIMsiHYBIRI ol uriynAaesfiaal (Acute effect)
A Y A ° Y o Y A 1 . 1 o Y o
WeldamsmaviasadonddriaanuduTatia lagnss W1 Normal saline 1331 1¥a1nu6Y
Y [ 1
TanananNuau Systolic blood pressure (SP) 1a¢ Diastolic blood pressure (DP) nlasunlas uaiieda
Y
[ a [ [ o % [
MTANANTVIN (20, 40, 60 me/kg BW) H3oansanaulenie (20, 40, 60 mgke BW) ildnannusy sp
1 A v o @ . A = =~ 1 Y] 1 9
taz DP anaed \NUNedIA (p<0.01, Student’s paired t-test) tHor/Foumouannuauneulvas
4 v v 4 I
ana TagaInNuALaAaININTUANYUIAYBIENTANATINLIY  (Dose-dependent manner) (37 2-5 A)
c?/’ dy 1% %) = Y @ a 1 o a 1 Y o a
nadasanaulznmetuur Ty lumsaannuau lavau1nnNasanansui uans Ivaisanansui
o (9 (= A o Y] ~ ~
nsomsanaulznielulinanlasuuilaidasimsduueainle 3Uh 25 B) Tuvmziimslden
. (= 1 [ a ~ = @ 9
11A531U Donepezil (I mgkg BW) lulinadeanuauladia (319 2-5 A) ualinaandasimsduves

#2la (371 2-5 B)
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A 180 -

Baseline
Drug injection

om

160 -

= [ [N
o N N
o o o
L L L

*% **

*% *%

80 A

60 -

Blood pressure (mmHg)
*

40 -

Normal 20 40 60 20 40 60 1 1 25

20 1 saline mg/k Ik Ik
Brahmi (mg/kg) Gingko DgNPg u?\lEg “SgNF?

B 120 -

**

100 -

80 A

60 A

40 A

20 A

% of baseline of heart rate

MANAANNNN

Normal 20 40 60 20 40 60 1 1 25

saline mg/kg ug/kg pg/kg
Brahmi extract Gingko extract DNP NE SNP

(mg/kg) (mg/kg)

s 2- 5 wadennwauTada (A) wazdanmsduvesialy (B) iedamsanawsud  (Brahmi
extract) (20, 40, 60 mg/kg BW), asanautlzie (20, 40, 60 mg/kg BW), 1 mg/kg BW Donepezil
(DNP), 1 pg/kg Norepinephrine (NE), W30 25 ng/kg Sodium nitroprusside (SNP) [Wmavasadoamlu
vyneaan 31 A uaasnnuduTaianfseunouszrinenonna (Baseline) AUMAIRAMTAAALAZEING
6] (Drug injection) Tﬂﬂﬂﬂ@ﬁﬁﬂm@ﬂﬂﬁﬂﬁ@ Systolic blood pressure LLﬁSﬂﬂﬁﬁ!ﬂﬂlﬂﬂﬂﬁWﬁ@ Diastolic
blood pressure 31 B narasmsasimsiduvesirlawaauiulofidudnmsn/denunamddliarsada
A A o PR ] o A < . o A
viosuieimualvineulviasafianiesuily Baseline (100%) A1A14 9] A Mean + SEM (n = 5-10),

** = p<0.01, Student’s paired t-test
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\ d‘ = a d' a\ =) d' %
3.2.2 wam)mmJasmm]mmmmi"lmnEJuiafﬁmﬂww'sznmmaﬂmaﬂumuummguamﬂu‘nu«

naasInaay (Acute effect)

J

deuaasmuesmsasuntlasms lnateulaniaunlosiFud Taosmualidainis

=

=l a 1 = Y 3 4 1 1 Yo . (=
IvaeuTartanoudamsiiny 100 osidud WuNNGUAILANA A5 Normal saline laifina

nasuuaans Inadeu Taraiuldendue (314 2-6)

140 -
120 - L
N
: '\
= 1001~ S \
kel * * < % - \ .
o
o T T
o 80 A \
© §
()
= 60 A \
2 \
o]
S 40 - \
S \
20 A §
0 &
Normal 20 40 60 20 40 60 1 1 25
saline mglkg pghkg pglkg
Brahmi Extract Gingko Extract DNP NE SNP
(mgrkg) (mg/kg)

d' 1 d‘ =) a d' a = d' 9 d'
317 2-6 mademanlasulasvesms luadeou Tariammnz NS nuaoARBAIAI LB RUALD D
AAesadaNsNT (Brahmi extract) (20, 40, 60 mg/kg BW), ansanauiziag (20, 40, 60 mg/ke BW),
1 mg/kg BW Donepezil (DNP), 1 png/kg Norepinephrine (NE), W30 25 pg/kg Sodium nitroprusside (SNP)
Whimanasadead lunyiiaay  amsvadouladauaauilunlofifud (% of Baseline) Taw
o Y =S a 1 ~ = [ A . [ S 3 4
fvualinims madeulafinneunvzaaesanansos  (Baseline) 181 100 1losibud uas
o d‘ =~ a d‘ a d? d‘ = (% A 1 1 =
AMuramsnlasuuilaims lmadeuTarianinavuiledaasananies A9 ) AD Mean + SEM (n =
5-8), ** = p<0.01, * = p<0.05 WonlFouifieusznianguAIAUN1A Normal saline nagnquildens

ANATBEIA 9 (Student’s paired t-test)
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A Y [ a A [ 44
Welvasanansuil (20, 40, 60 mgkg BW) noasanaudenis (20, 40, 60 mgkg BW)

o

1 o a [ [ o Y = A A A [ =\ o w
‘W‘U'J'lﬁTiﬁﬂﬂ‘WﬁMULLﬁgﬁWiﬁﬂﬂllﬂgﬂ?ﬂﬂ?iﬁﬂ?ﬁulﬁa!']ﬂuiﬁﬁ@]‘ﬂlﬂa@ﬂﬁuﬂﬂﬂﬂaﬂ@ﬂNNuﬂﬁTﬂﬂJ
. A A " A ~ A 2
(p<0.01, Student’s paired t-test) LLa%LﬂJ@LWNﬂJuWﬂﬂ1WU'ﬂNWaﬁﬂﬂTﬁllﬂm'JfJHIaﬁ@]M'lﬂ‘Uu (Dose-
dependent manner) (3 19 2-6)
Y A Y A o A Y . .

Ms ersoasuInsgu 1aun sunuanuauladia 1aun 1 pg/keg BW Norepinephrine (NE)
= A ~ A A = = v 2 .
lwauiiy M3 lvadouTaiaNdenaues luvmeiion  asnnuaulatia 25 pgkg BW  Sodium
. . = = a A A A o o . Y
nitroprusside (SNP) uwaaﬂm'illwamuiammﬂa@ﬂaum HaziloRae1sny11sn  Alzheimer l'l,ﬂ!,!,'ﬂ

1 mg/kg BW Donepezil (DNP) Wi lifinaaons nafeuTaiaiinldendues (317 2-6)

afUsewa
1INMSANYINALLLY  Subchronic effect YoseNIananoaNuaUTatia Tunynaasei luaay
uaz lasuesanaayu lnsnsuiiniahn Aadeduuiy 2 Hou nuimynaassi Idsuasanansuil
[ (2 1
YUIA 40 mg/kg BW ¥iseansanaudznig vuia 60 mgke BW 130 81 Donepezil UM1A 1 mg/ke 143
¥ v
HasoAWAUlania Systolic blood pressure (SP) L@ag 8ATIMIAUVEI 10 Fananmsnaaedil
AOANADINUMIANEIVDY Kubota tazANT (Kubota et. al., 2006) N31691U1NT INMYIUDIMITNT]
1 [ a J 1Y [ = d' [ a a
daunauvoznieuuaaae 30 Ju lilinan/dsumlasanuaulada SP luvyilnd dauraves
2

m3sliasadansuiszezenaennuau laraiuds iinmsneanuuinew msnasatansuil lulina

EJ
9 1A

~ Y] a A o I A Y I ' Yo Aaa [ I
uJaﬂuuﬂmmmﬂuiamiuwuﬁﬂﬂmu‘unJwuam/mwclwmu31mi"lmuwsumﬂmﬂmﬂunmmu
[N ] 9 = [ Y a
%”lmmwaﬂmmﬂmammwuiawm
Yo [ a A @ ] IS A =~ A ~ a
ﬂ1§vlﬂiﬂﬁ1iﬁﬂﬂW§3J3J vsoa1sanaudeniailuna 2 mauwmwumﬂwanﬂuiawﬁ
A a y c?zl dy (% J Y 2] @ awv
mwwz‘vmmmwaamﬁammwug%ﬁuﬁmm ‘1/]\11!Wﬁﬂ\iﬂa1’JGUf]Qf;’fTiﬁﬂﬂllﬂ$ﬂ’)ﬂﬁ@ﬂﬂgﬂﬂﬂﬂﬂuﬂﬂEJ
§ A ' ] =~ A = a
ﬁumwﬂmmﬂzmﬁmwammi”lfﬁanauiawmiuamwawwww (Krieglstein et. al., 1986) uag

[

I =& A L) A o Y @ (2 =\ Q‘{ A ~ 9 o =
’E']'m!,ﬂuﬁu\ﬂuﬂﬁUlﬂ“l/lﬁ'lﬂil‘ﬂ/ﬁ/]'lslﬂ ﬁ'lifffﬂ@l,lﬂgﬂ')Ellli]‘i/]‘ﬁL‘Wllﬂ1i!§ﬂuqﬁjlla%ﬂ’)’mﬂT Iﬂﬁli]ﬁ'lﬂ\ﬂuﬂ'l‘i
4
av ] o o J
'Ji]ﬂﬂuuagumiuﬁmmam ( Winter, 1998; Paganelli et al., 2006; Takuma et al., 2007; Walesiuk and
4
Braszko, 2007; Nooshinfar et al., 2008) LI5S Glumgml (Diamond et al., 2000; Kennedy et al., 2000; Birks
[ 4
et al., 2002; Dodge et al., 2008) AIUNAVBIATANANTUNNNADENTINS Maveudoariuda luned
1 ] = [ [ = [ [ 1 Y q' = a
I UHUINDU L“Iful,@Uﬂﬂuﬂﬂﬂﬁmﬂlﬂﬂﬁ1iﬁﬂ@uﬂ$ﬂ'JEJ 'E'ﬂ%ﬂﬁ']'Jul,ﬂﬁ'lﬂ'liw\lllﬂ'l'illﬂﬂl'JEJUIﬁﬁﬁ
A a A A 9 Yo o a I £ A

ﬁl‘WTS‘VI‘]_lﬁL?ﬂ!Wﬁ'E)ﬂLaﬂﬂllﬂﬂﬂulﬂﬂﬂﬂﬁu@ﬂﬂTﬂﬂTillﬂﬁ‘]_lE‘ﬁiﬁﬂﬂWiﬁJN@Tﬁ]Lﬂu‘ﬁuﬂiuﬂﬁllﬂ‘VIﬁQWﬁ

A o { v z o J 1
LW?Jﬂ”IiGEJHiLLﬁgﬂ’NﬂJﬂT ﬁﬁi?ﬂ\‘]”luﬁuﬂﬁléu ﬂqiuﬂu as aaINnaoy ﬂﬁTJﬁ'ﬂ 1N ﬂTﬁﬁﬂ‘H"mN

aa 1 a a | Y I [ d A o
AAUNNLU 'J”Iﬂ"lielﬁ}WﬁJN (300 mg/day) mummﬂm‘ﬂunm 12 ﬁ‘]JﬂTW GI)"JEJLWNﬂ’NNE‘TﬁJ”Iiﬂ(luﬂ"Iﬁ]"I

TueraaiinsgunIm@ ( Stough, 2001) aztinawi ludgeenyg 65 1)) (Calabrese et al., 2008) @2
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v Av o { 1 o 4 a A
Gluﬁﬁ')‘ﬂﬂaf)\‘]ﬁ'iWﬂQTHQ%ﬂﬂWUUUNWﬂﬁWUQWﬁ'ﬁﬁﬂﬂLLﬂaﬂﬂﬁ@aﬂlﬂﬂWﬁNﬁJﬁNﬁLWNﬂWﬁgﬂuitlax
Y
ANV UHYLINUAsHYDUINT (Singh and Dhawan, 1982; Das et al., 2002; Uabundit et al., 2008;
Yun et al., 2009; Uabundit et al., 2010)
A = = A =) a A a A A 9y
LiJ’t’JHJﬁfJ‘UWIfJ‘UWﬁiHﬂWﬁ LWiJﬂ'lﬁllﬁ'al')ﬂuiaﬁ@lmW'lﬁ“ﬂUil']ﬂ\l‘ﬁaﬂﬂla@ﬂllﬂﬁﬂu!ﬂﬂﬂuﬁﬁ\lﬂﬂ
Y] A o [ [ 1 [ [ = Y A =~ a Y= 1
ﬂlﬂﬂﬁ?iﬁﬂﬂ‘WﬁJNﬂ‘UﬁWiﬁﬂﬂll‘l]%ﬂ’)ﬂ ‘W‘U'J']?ﬂﬁﬁﬂﬂllﬂzﬂ'J‘t’JiJLLuQIuNLWNUlﬁaLQﬂUIaﬁﬂqﬂﬂﬂ')']
ad 1 1 v o w aa 1 a (Y X%
wsuiandooua lufidodAgnieada drumsliennasgiu  Donepezil Andoiuniu 2 1o Ity
1 1 ~ 1 =l a A A A A Y A
Wmﬂmwmﬂaﬂuuﬂaﬂﬂ 9 mmﬂ‘wanﬂuTmmmwww‘usnm‘waﬁmmammwuwavguﬁumma
~ =1 [ 1 d! ] 9 [ = d‘ ] d' [ a" . 1
L‘]JiEJ‘UWIEJ‘]Jﬂ‘]JﬂQNﬂ’JTJﬂﬂJ “Bﬂhlllﬁ@ﬂﬂaB\‘iﬂ‘].liﬁl\ﬂ‘l!ﬂ1iﬁﬂ‘l§lWVINWHZJ'ILﬂEJ’JﬂTJE]TI‘ﬁ“IJ@Q Donepezil 919
A = A = = A . o < = aa
ﬂ'lﬁ!WﬂJulWﬁL'Jflumﬂﬂiu’iﬁJ@\i DUINTANHINHNIUUIVON Donepezﬂ TNWNQUJUﬂ'Iiﬁﬂ‘H'W]'Nﬂﬁ‘L!ﬂGlH
é}ﬂ’m Alzheimer %150 Parkinson (Nakano et al., 2001; Hanyu et al., 2003; Imamura et al., 2008)
= Y] a (9 A ~ a ] A Y
ﬂﬁ]’lﬂﬂﬁi'ﬂﬂﬂq‘ﬂ‘ﬁﬂlﬁ)\?ﬁ']ﬁ’ﬁﬂﬂWiiJﬂJ uazszmﬂclumi!,‘wmmi"lwanﬂuiawmumzmmmm
o ~ a (2 = o Y = @ @ Av A ~ 1
ﬂ‘]_lﬂ'l'i‘ﬂ‘WiiJiJLmZLLﬂgﬂ?ﬂﬂﬂﬁﬂ?iﬁﬁaﬂﬂlaﬂﬂﬂﬁ'lﬂﬁﬂ mﬂmmminﬂ‘wmummwammayu‘lm
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Abstract

Brahmi or Bacopa monnieri (BM) is an herbal plant which has been used for brain boosting and
memory enhancing remedy. Due to a lack of information regarding its physiological actions on changes
in synaptic transmission and neurotransmitters in the hippocampus, we, therefore, investigated these
issues by comparing the effects of BM to those of ginkgo biloba (GK) and donepezil (Don) on learning
and memory, induction of long term potentiation (LTP), and changes of amino acid neurotransmitters in
naturally aging rats. The results following 3 month oral administration of the extract/drug demonstrated
that 40 mg/kg BM-treated group showed a similar efficacy of both spatial memory and object recognition
as 60 mg/kg GK-treated and 1 mg/kg Don-treated groups which were significantly better than those of the
vehicle control group. In addition, a biochemical assay of homogenized hippocampal tissues isolated
from BM group showed increases of glutamate, glutamine, serine and GABA levels, whereas those from
GK-treated group showed increases of glutamate and serine and those from Don-treated group showed
an increase of glutamine and a decrease of glycine. These results indicate that BM may act via the changes

of amino acid neurotransmitters in the hippocampus to improve a cognitive function of aging rats.

Keywords : Bacopa monnieri, spatial memory, object recognition, LTP, amino acid neurotransmitters

Tasamseoen 3 3-iv



msdaseq

v
i
AaanssulsEnA 3-ii
undage (Mu1'lne) 3-iii
UNAAYD (NHIDINYH) 3-iv
GREAIL 3-v
GRESITCRERN 3-vi
GAESILTES 3-vii
Mefuedaydnuaitaziite 3-viii
A o A A Y]
PNN 1 UNTIALNMTNUNIUITTUNTTUNNSIVD 3-1
d' = AadAa v
PNN 2 528UITIVY 3-5
UNN 3 wansIveuarenilsiena 3-20
~ Aav 9
YN 4 agdramsITeazvorauouUE 3-38
VITUIYNTY 3-39

Tasamseoen 3 3-y



a3UYMIN

A v
M1 N Hiun
1 oy o o Y 9 1 I Aa A (4 a
3-1 mumuﬂimaQauazﬂ13ﬂ1um!mmwmuwmmﬂuuaaiumi (mM) tazUsuw 3-9
I [ 1 Aa aa a ~ 9y 9
Wu'luTasnsudeliaaans (ug/mhuesasuIaggIUnIaezd 1ufl 5 Anuudy
" A& Adqy N s - ~ ~
32 aiunldnsvesnseezii Ty ueaihina ngauua tre3u nganliv Inadu oz 3-11
9 Yy 9 1 I [ 1 Aa Aaa 1 A Ayny = 091’
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un./NN. ladniuden lansuy

w. NHoauwng

ua. Nananas

S.E.M. standard error of the mean
AChE acetylcholinesterase

AChEI acetylcholinesterase inhibitor
LTP long-term potentiation

DG dentate gyrus

CA cornu ammonis

SC Schaffer collateral pathway
EPSP excitatory post-synaptic potential
NOR Novel Object Recognition
BM Bacopa monnieri

SOD superoxide dismutase

5-HT 5 hydroxytryptamine
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a . . 3 Ao (] 1 ~ o =
ayu Inswsuil ( Bacopa monnieri) \Wuayulnsilisiwnueduunsvaroneanugns luns
) 1 o o 1 A =} 1 Qc?;’ I A A
MeanewarMIFIeigeANunsas naae J51eaud dyu lnsusudiu duayulnshiilseia
9 4 a = = o o o % Y IS
M3 g lumsunndorgsnmuesduwdne Taelassnaa 1159921081 1geanes ud lv udie i
J v
iwﬂuﬂfﬂiﬁﬂﬂ%mWiﬂJuﬁi}‘n‘ﬁ antidepressant (Sairam et al., 2002; Gohil and Patel, 2010) L8 IWY
AN (memory enhancing) (Das et al., 2002; Gohil and Patel, 2010) MIANEINNAATNNU NS 1T
a a LY I ] A o o
wsndudaasenudunar 3 hou Hrewuanuamsalumshluormadasguning (- Stough,
' g
2001) ﬁTSﬁﬁﬂﬂﬁiHWinuﬁﬂ 713NQ1 saponin 141A bacoside A, B 182 bacopaside I (Garai et al.,
19964, b; Rastogi et al., 1994; Sairam et al., 2002) 5114%1/1@%1@@15%&?{13 bacosides ABUNNIFAIINTH
ANNIILANT B3R scopolamine (3 ¥A./NN.), sodium nitrite (75 ¥A./NN.) 130 BN52021 (15 Wn./NN.)
' o ' A Y . A = ~ o '
wannsaelnilesnnzanudiwansouilonaaoudie Morris water maze tilonfSouiounungu
. . dy =2 dy 9 A YA w Y 1
AR (Kishore and Singh, 2005) UeNIINH MNMsANEUTBIAUNNTANGIVE tazame Tdnuas
@ a A 9 Yo a [ o 4 o
ARAMEUNTULVUA 4, 40 30 80 uN./AN. M 1dsuRacaiy 2 dla1d aunsalailesnnzanud
UAWTeIUBIHYDVINTNgnFni1 laun13Bad1s scopolamine 191509109 (Tacpavarapruk et al., 2006a)
Y I [l
sazuyanuirlunyusniignda  kainic  acid tWoiaieaueddIu  CAI %09  hippocampus
(Taepavarapruk et al., 2006b) 110991 NAIUNT WiNe9911IT8UBY Duley AL Rajan (2009) 1518971071
a A @ @ a [ d o A g a a
vyusnna Idsensanansuiiug 2 dla hldimamviuvelsinadisTatu  (serotonin) Tu
AUDIAIUNTN (forebrain) AL ANBIAIUNS (hindbrain) Hazde luTinsAnMIMAYRIAITANANTULAD
) 9
msmeneadyanuilszamiaunuranelSinaaisdodseamluauesdan  hippocampus AU

9
A o o 1 o (% %4 . .
gvev9 IdhnmsnageudoyaludiniilaefnuulSeuiouiuasanannluulefe(Ginkgo biloba)

nazemasgunlsludihenlioimsaueudon Ao donepezil (Aricept”)

[
[

(2 . A a 0 U 4 . = o
uilzne Ginkgo) N¥INWINNAAATIN Ginkgo biloba ’E)Q‘lu’Nﬁ Ginkgoaceae U@1TT1AY
i ll A ' . aA . . =
2 ﬂf;:l‘ll‘lﬁig‘] mﬂumﬂuﬂqmm glycosides %871 Ginkgo flavone glycoside sz 22-27 % uag
v . = . A Yy
ﬁ”lﬂl!ﬂijllﬂl’e)ﬁ terpine lactone Uz 5-7 % ( Ding et al., 2008; van Beek, 2009) A 1as
= % [24 . . A 1 = =5
ﬂTSﬂﬂBTNaﬂlﬂﬂﬁ"ﬁﬁﬂﬂiﬁllﬂgﬂflﬂ (ginkgo biloba extract ¥35® EGb) Iﬂfl‘W‘]J'ﬂ EGb Nq%ﬁiuﬂTi
Y 1<
Hestuszuulszamiaenaveamsilu antioxidant, free-radical scavenger, membrane stabilizer L%
4 1
platelet-activating factor inhibitor HONINHUEINLI EGb annsofszihliinamsaanedivesviaen
b4 4
1o laen13duss cGMP phosphodiesterase, gudans q iyl,’?( 8 muscarinergic cholinoceptor, adrenoceptor

4 <3 Y] . ! . .
Lﬁmﬁnﬂﬂ?m%ﬂ, ﬂizéjumﬁmuﬂamm acetylcholine Tu auesdiu hippocampus, (Victor et al.,
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2003; Smith et al., 1996) msnaaeu Taalsy passive avoidance test 481¢ AChE assay Gluwu‘i mice miu
1 Q‘{d [ 09/’
WU EGb ﬁt]‘wmﬂu anticholinesterase LQ¢ cognitive enhancer (Das et al., 2002) §USANITASTUNE

NQUAUYDY beta-amyloid (Victor et al., 2003) 11az3101% glutamate exocytosis UsnMUa015z MU0

Y
1T AR

AN9aIU hippocampus TUHYHUNATY (Williams et al., 2004; Christen et al., 2004) IMIANHIHAVDY
Y A 1% [ 1 a 9 o ~ 9 o ¥
M3 1% EGb visemsanannluulemelunyunsssumauaiiinmsnaaeumsiseugiazanuiingg
. 1 ~ dy ~ Y o A [ A Y
Morris water maze test WA WNTaNIzHUYMIGouuazanuswetvanunld daumsnaaeu
a I H < 1 { & { ) a 1 a
Taga3sanema Iihagldiiua EGb annsafeziluymsmiienildina LTP lunyunsssuna
4 [ 1 a 1 { [] 1Y [ 4
ladenfSouiouiunyunsssumnangui laldsuesanannlumlenie (Wang et al., 2006)
0w oad Y . ® I A o
115081 Donepezil H¥ON1WNITA1I Aricept” (Huei1UNsTusedlag FDA vollseme
ansgosn (http:/www.fda.gov) tazgnldedraumsnareluilegiumesnuilsn  Alzheimer Taodi
=, I = [
ﬂa]’lﬂﬂﬁﬂﬂﬂim‘ﬁﬁmﬂu acetylcholine esterase inhibitor (AChEI) 5ﬁuﬁlﬂa]’lﬂﬂﬁﬂﬂﬂq1ﬂﬁﬂaﬂﬂ AN
I A [ Y 09.1’ o 4
Donepezil e umamnszaUYed acetylcholine Tuaweslaedudaimsmauveaen lu acetylcholine
13 A a . Y A A A [ A 42}
esterase UANNI1891UY 5L ANTAINUDY Donepezil Tuauou q Nrauls A waroMsiuUUVDY LTP
' Y
(Barnes et al., 2000) uag MINVUUVDY cerebral blood flow (Nakano et al., 2001; Hanyu et al., 2003;
Hatip-Al-Khatib et al., 2004) a¥eniaivselumsmndszaniam  lumssauilsa Alzheimer
YA o =R <3 1 = =i =1 = a . 9
AuzIveIurUNMsANY IS suisunsoangniuesayu Inswsnil 1ag 1 Donepezil Tuaunaln
Q' o [ 1 [Y] o 1
maumsiseuiiazanui lussaumsneneadyaulsamveusadlszamedneriuiu lag
@ A Yo 1 1 A I A 1 =
AUaveIIAnALAzeIlenYNaaed lasuedasiipuiluna 3 peu aenmsulasulas

J .. A A g dy a o
ﬂﬁﬂgmim long-term potentiation (LTP) m%muﬂuwugmmmﬂiwauﬂmﬂﬂmmm( Frey and

Morris, 1998)

v
A Ya

TunmsAnuiifideszimnadeu Taeldarsatansuii/Souiion uazen Donepezil Tagd
[ ad ] o o ¥ d’d 1 d' v d Yo v W 1
asanansuiilidiusieiigeanuidiena lniiliwade  LTP  iedainaasslasumsanaainan
] A 1 o { 1 a . ¢ g 1 1
unzmumsmeneadyanalszamiavesdiudl Tduauila ( hippocampus)  Fuuauosiioglu
szUVANTN (limbic system) HunumMdiAyasnszuIUMIGouiazaNUT ogneluusne  medial
§ Jdo v @ [/ 1 1
temporal lobe TnseaiensznonludsmadswauuinGesdanuegiilungus 1dun dentate granule
cells wuagjﬁu?nm dentate gyrus (DG) 118 hippocampal pyramidal cells Wuagiﬁﬁnm cornu ammonis
4
v W a I
area 1 (CAl) 118¢ cornu ammonis area 3 (CA3) uandnduanyuzusImuaulszamiluniy
. . . . 1A A a o A ]
“trisynaptic circuit” NA1IND UNIUAUUYDI  axon Gl,umiﬁ’ﬂﬁﬂgmﬂmﬂiz’Mﬂﬂﬂi%ﬂ’é)uhl,ﬂﬂi]ﬂ synapse
b4 v 1
$uu 3 ga Tasnavuarimihinlumsdeiudaanailszamyianszdu ( excitatory synapses) 133
MINFY AV UIINAAIN entorhinal cortex xE1U AW perforant pathway 99z MOAR AT

synapse 11 dentate granule cells Y93 DG 1ii® dentate granule cells Qﬂﬂﬁzgjuﬂzﬁ%}Nﬁ’ﬂgmﬂmﬂi%ﬁm
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1 o Ia a A = ' IAa A A dy 1
dq e mossy fiber Tgasadnsiian CA3 FINQUIFAAWI WA CA3 UILHN Schaffer collateral

) a § a J 4
pathway 11/nszduiaansitian CAl (Kandel et al., 2000) Tuniea3sinema Wiy dienszdu
Schaffer collateral (SC) pathway @denszua lvianuddi iy 1 Hz i lfinadnd ldiunmzi

a A a { 1 {
UITIWU dendritic spine VDIUBAQANT 1MaN CAl (5807 excitatory post-synaptic potential %30 EPSP il

1 v F4
nowagagaluseaunile uadinszdu  pathway dsnanaenszua livhanudgeluszezduq wu

A [

5 pulses, 50 Hz 1iiganiuden udimmaromsnszqualonszud Irlihanuddr 1 Hz aelddn azwui
Aa ~ d?l [ =) A 42} a " Y I o
nouilagaues EPSP azlvuiagaiuratomig sadimsmuinvesenaganeg ldunnilugi Tug
FYNINNANE long-term potentiation %39 LTP (Bliss and Lomo, 1973; Kandel et al., 2000;
& n'dy Y = ~

Stanton et al., 1987) &5 ingmsaiiennsawy lalumsanulurynaaesiaay
d’ =y A [ 1= av A = Y] an o
iiesnnmsanuiiungs hilnuideleseydwavesasanansulidomsiinuues

sevvlszamalrunarluFaassmema i vazmsnlasuulasvesszduasdotszamsiia

b4 4 H

1 Q( (%) = QBJ’ =\ = W 1 1
nsnozil Tuluanes TnsanmsidelysAnuignivesansanansuil Tnsaeauuagiumsidei nvyund
Y
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o

Yo o aa 1o & A oA Sy oy o Aa 1 A o 1A
Vlﬂi‘lJt‘fﬁﬁﬂﬂWiﬂJimﬂﬁﬂﬂmﬂuL’Jm 310U 3Jﬂ15lﬁEJunga’)ﬂ’g’nJi]'W]ﬂl%L!lﬂﬂjﬂﬂﬂ'qm%]lﬂﬁﬂa'ﬁ

~

@ ] A . = J 1 Yo @ o . o
ﬁﬂﬂiﬂuﬂ%ﬂ’w 1139871 Donepezil uaz@1ﬂ:nwHﬂqmamum"lmumwwmmazmﬂ (vehicle) I@]EJ'VH
' Pl oY
“lﬁ’uauﬂagmmwnmam%u (slope) ¥D3 EPSP quqﬁuummﬁzﬂuﬁwaﬁmemamﬂﬂmaz LTP
a 9 d? ] A v o W A = = [ 1 dy A Yo
Lﬂﬂhlﬂﬂnu”luiﬂﬂ‘lluﬂfﬂﬂlluﬂﬁ1ﬂiy LﬁJ@LﬂiﬂDLV]ﬂUﬂUﬁHﬂQMﬂ’JUﬂM HONIINU wuma@m%m

[ a A ] = d‘ [ d‘ ) a
gsanansuiuu 3 weuivzimsuasuntasvesseavasaelseamsiansaozil luluduos

]
=

' Y ]
dudd Tduanila Tagoniinanemadouudaslumaiinivvesmsdolszamrianszqu laun

'
[ A

v oA A 421 v A o o =) = Y ' = ] =2
naAIluea EluigﬂUVILWJJsUu@EJN?JUEJﬁWﬂﬂJLiJ?JﬁJﬁEJUWIEJ‘]JﬂiJﬁHﬂQ?Jﬂ’J‘UﬂN ¥ 10UIVONDINa luNIS
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19 A

9 a ~ Y o a A d%/ A a
NIZAUNHANITUNITLIYUILASAITNU uanimsasuudadlumanuyuvesasaedseamyila
[} uaj 9 1 = . 9 1 = Aa o o’j 1
U llﬂllﬂ hlﬂﬁ“])'u (glycine) 1ag N1 (GABA) p1vUsUendINa g udessuulseamaiunai
E4

o . a 1 & P ' [ av
Tae 9% u (sedation) LazaAMIUTAINGANTTNAINY a9 False Teminaadnee lasuanauidei

k4 ]
wihlinswdeyaiugruveawsui eduilsy Towilumsdaumaainlumase'ly
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nglszaanvadln3in1s3dY (Objectives)

= Aa A A U ay Yo ~Aq Y [ . A
nnMsAnEINRMUINUI o nyunssTuA lasuen1dlumssnelsn  Alzheimer Ao
1< a 1w L4 I
Donepezil 1{unaiaafonua1mnsnve1819a190915109M1581 long-term potentiation (LTP) Ided14i]
¥ o w A = =) % 1 1 av dyd 1 =R = ~ =
Wedagion)ToumeununyunnguAIaY (Barmes et al., 2000) MU UINANYIToUNBUNT
a = = @ @ %) . o o <] ' .dy
Yoy Insnsuil nfseuiivunuasanalunilznae o1 Donepezil wazaiazate lulsziduaelii
1. wgAnssuMsiseuiuazaNusuReIN DA LN HazmMsIAIaves
1 o Aa o s A A d? 1
2. mimeneadaanalszamngunuildvesraalseamninuyuodae iy (LTP)

3. malasunlasszauasaelszamsiansaosi Tuluaussadudl Tuuauila
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1. NQNAIBENY

9
Av A

o J ~ 9 I 9 ] 4
damaaesi1dluandvetidu viyusn ( rats) wad d1eWus  Sprague-Dawley 01g1l5zu1m

Y
14

16 1HoU FIFAINAAIRINANILTIFDIINA I NTAINAGOIWNINA V. UTAA A.F18101 B.718101

q

1] 9
v.unslgy nymaassszgnuinguiveusnideslundedn) ag 3 damuaNuMIN Ty TiTgi0duu

=

& i o A A~ g g v a ¢ v % ¥ A

Gmilzl,ﬂaﬂunﬂq 2 FUNToONAMNFULRE 1289 TUHDIVDIAULINNFATITUNNEG  FUDUrIn
A = ~ qg/l a) Y dy 1

AIUANYUNIUN 25.0+2.0 DIAUFALHYH aganalave e lnluevdssluaianan 06:00-18:00 4.

t4

Yo < o v o J ] a a 3’ l a
Llaghlﬂﬁﬂﬁﬂﬂfﬂuﬂ (’G:lfﬁf!' G082, AIUNTAINAADILUNITIN U.UYAR) HAagUIDINUIYIU

7 4 1 v
ﬂ'ﬁﬁﬂ‘hﬂq%‘ﬁﬂ]@\‘iﬁ'ﬁﬁﬂﬂﬂgﬂﬂl Gl“ff)ﬂ‘k‘lﬁ]'lu'gu 30411 ﬁ'le!"]Jﬂ'liﬁﬂ‘]&l']Wﬁlﬁ@ﬂ@uﬁﬂﬁ@ﬂu
3’ ) a [ {
3 190U (subchronic treatment) IAgMITBUIINGY ensazatensuil nseen aziloulasldduilouaisn
=\ = 2 [ QBJ} Y a g‘ v o
uﬂmsmu LHagNIEUDNRAYIUUIA 1 lla.Gﬁﬁﬂgﬂﬂuﬂuagﬂiﬂﬂﬁﬂﬂiﬂ'mj 0.1 ¥a./ 100 N. HINUUNA
[ [ I~ 1 1 9 1
LLUQﬂQNWHﬂﬂﬁ@Q@@ﬂLﬂH 3 GENIRLY Ulﬂl,l,ﬂ
[l 9 v
1.1 NguAUAY (control) N 15 umMWIzAaza1s (thnau) S1uau 10
v Y
1.2 nguildsuensazarenwsuil  (Bacopa monnieri, BM) 119 40 un./nn. 1111ind7
(Taepavarapruk et al., 2006) 31131 10 §17
VoA X [ () . . . .
1.3 ﬂ@ifﬂvlﬂiﬂ asanalunlenie (ginkgo biloba, GK; Nutrakal, Vita International
Y
Healthfood) Y118 60 WN./NN. UINUNAT (Das et al., 2002) 31UIY 10 §17
1.4 ﬂﬁ:uﬁvlﬁ'%lﬂfﬂ Donepezil (N-Benzylpiperidine-4-carboxaldehyde; cat. No. 664081-5G,
Y
Sigma-Aldrish Co.) Y119 1 ¥N./NA. HIMUNA2 (Hatip-Al-Khatib et al., 2004) 314U 10 617
F4 Y v
wynaaeslunguilazgniimsnadeunganssuaien vasan lasumstlewmimnau
A [ o L4 o o a [ L4 Y
BREEGHLRERN RN L‘ﬂunm 10 ﬁ‘]Jﬂ'Wi Waﬁil”lﬂ‘ifl’]ﬂTiVlﬂﬁ@‘UWﬂ@]ﬂiillﬂ"lfl‘luﬂa"l 2 ﬁ‘]JﬂTW ATV
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2.1 MINATOUNGANTINMBEUFUZ AN

. I = o o { v A
1. Morris Water Maze Test LﬂUﬂ13ﬂﬂﬁ@UﬂWfﬁGUfNﬁ']ﬁﬁﬂﬂﬂﬂﬂ'ﬂmEﬂ']!ﬁﬂ')ﬂ‘l]ﬂﬁﬂ”l\ﬂlﬁﬁ

a0 1ufi(spatial memory) gnaaAulag Morris tazame Tuil a.A. 1982 mInageuTuINMTIIHYNN
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= Y a T 3’ 1 9 1 4 [ 1 A
Anlvinedu Ufﬂﬁ’Nfllﬂﬂlu’f)N'Vli\iﬂﬁMﬂluTﬂLﬁuNWﬂuﬂﬂaNﬂﬁ%NTm 150 @, ity 4 99U 1o

[ @ 4

H a A 1 { 1 Y] 3’ 1 1 J
quadrant Nidyyanel 4 vileAnegnveusumiloszauI 3 wu. Tuiuvnadurigudnaia 10 aw.
9 9

B 19 ¥ % o ] a o Aq ¥ A A o Y
magimzﬂum 1 GK?J.UTQ?)QGLUUSL'J'EWU?)QI quadrant Ltazum%%Nﬁmlﬂﬂmauummeﬂﬂﬁﬂ;u

4 ] ]
Y12 1ININIZAOL Udosnymugaa1en 3 99 HazduNaNHENAeENTIAUNILIUEG oY 14

£
[ o

[ [ Y
52AUNT ( escape latency) WIMIALRAY Taeiuaszeznagegan Invyetheglusaminy

b4
a [ J 1 Y o o o o @ o 1 Yy ' o
90 'Ju’lﬁ W'lﬂ?i‘laliﬂ\ﬂ’ﬂu‘]ﬂuulllﬁlﬁlFq\!?i]ﬂi]gu'lﬁﬂﬂﬂﬂaﬂx‘i%uiﬂWﬂ L!ﬁgi]‘]J’J'N'LIuLLWuGlWﬂuLﬂﬂﬂﬂu‘ﬂ'l

4

= 1 1 = o (Y] a 1 [ [y o d‘ 1 1 9
merﬂlemmama"lﬂ MHNIENTLIMIUAZATIUIUAAADNY 7 U WHﬁWNWiﬂi}ﬂ%1ﬂ@§ﬂlﬂﬂLlﬂu1ﬁ

Y v [ 1 Y
i lagszeznanlsdumunuiosawazai azihimsewmueen wazdunanvynoi luudas

Y i1 H
A A

' @ a ~ < o 1
ﬁ')u’l’i%!@ quadrant 3IUIAININUA 90 IUIN LW ‘VIﬂ8lf]fﬂ@,ﬂ'J’lll'(?ﬂ3J'liﬂ"ll@QWHiUﬂ’IﬁﬁQL@’Iﬂ?’]NﬂHﬂ’]

L= 1

[l v Y
200U 1% (retention test) wamimamﬂzgﬂnu‘nﬂaEm@1aLﬁmé”mﬂﬁ’mﬁuﬁﬂmmﬂiamﬂé’l’qmﬁa

a 4 a L4 @
ﬂg’ﬂﬁﬂ‘]&l'l’l/‘li]@]ﬂ‘iill Lﬁ@ﬂ1§3lﬂ513ﬁ%@uﬂﬁiuﬂ16ﬂﬁﬂ

]
[ ~

o 1 <
2. Novel Object Recognition (NOR) Test Iumsnagouanuduneasinginemiumio

Q

v w1 IS

9 1 ~ 1A S o Yy A = a v S
mmanauwuﬂunmmu"lﬂmEmlluﬂum 31’@(1%15’0%11@’”561% cmmms‘su%mnmmﬂuﬁmmu

a o < A A ] = @ ' L
ndeoeniooniuludaiiln (novel object) 15oUIailouRY exploratory behavior 0819119 Tag

'
1 =

Yo A 1 @ [] 9 dy (9 o 1 Y A
msmaamﬂmmqmgﬂsNuazﬁammmmﬂu U 9780521009 LINU Lag AaeLa ln 4a9 taen
[ A [ Y

9
agia1enu 2 9u (30 A 1 B) M enulszunm 20 su. melunssdnymganssy Tumsnaaesil

WAATUMINAIINMINARBINNATOY MWM 58U5081187 MINAaoUTHINIUTI training phase

[

Ya o 1 1 = a o [ ~ = @ [ £ 9
I%J’Jﬁ]EJ‘]Ja’EJEJﬂHﬂ”IEJiMﬂﬁ’ENﬁﬂH”IWQ@]ﬂiﬁJ MNTIVINUUNGNAANTIAG u“l,ﬂau‘wm T@ahnm
= 3 o o Y dy ~ 1 dyBIQw o o ;/
sz 10 N mmuummammmuamﬂizmm 10 U FENINUAIVYITNIANUACDIAINY TN
@ @ 9
#

Y a Y @ £ g ' . Y ' T @ Y 3
goaanlasusulasuniauluingoulvi (novel object) 1IBYINUFY M9 C unuag B 11l

Q

U

1191} a ' @ = 09.1} £ g 1 . @ A
nnmivusuldesnyndnlilunsmadoudnass Fuilumsnadonlugi testing phase Tagdunain

v v v v

wyagnaanuiag A fu C Fadmydildnategiuing A (familial object) MMNNNIAY C oY1l

Q Y
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[

o A o A A = n vy C ' ' & Y Y
pdrazde My iagauinengnad 1ila wamsnaaevzgniiuiineduaeoiioirlsndes
= Aan d’a 09/’ 1 = a

unnmnIa lenaadenelunaesdnyInganssy

ARaTin139a313Aq (recognition index, Ri) voInyLaazAIfa lanIn

Ri =[T,/(T,+T.)Ix 100
A I A o ] Qy 1
Tagn T, Hunamynaaed1s193ng¥u A Tua testing phase

| { o [ Qy '
T, HunaMnynaaedd13293ng¥u C Tua4 testing phase

=2 % J 1 v d' U a
2.2 ﬂ]iﬂﬂ‘ﬂ1ﬂﬁﬂli’)x‘iﬁ]iﬁﬂﬂﬂi’)ﬂ]ii’l1El‘m’)ﬂﬁiyq,nm‘lj’igﬁﬂ’l‘l’lﬁﬂdi’)\‘iﬁ?uﬁﬂiﬂ!!ﬂuﬁﬁ

v
1. ﬂ'lﬁ!@ﬁﬂllﬁ@]')‘ﬂﬂﬁﬂ\?

9Ja o 0 P4 3’ v v {1 9
I%J’Ji]ﬂi]zu1wwlj1/lmﬁm_l ﬂ')ﬂﬂ’lﬁaﬂfnﬁall urecthane UYUIA 1.5 0./00. HIHUNAD ﬁ"]f@\‘l‘ﬂ@\cl

denyaaududatalnuvuuufsye udnimy luBans s dregUnsel stereotaxic apparatus (Model
Stoelting’s Lab Standard, Stoelting Co., Illinois, USA) NS umarda Wamdansanileisbe
AUl midline Yszana 2 4w, udr FaiuanuEiguazasnanuvmadnnizng Tnanfsyy
mﬁaéh!,mﬁwmaquau%ﬂiﬂuﬂmﬂﬁmmmuﬁﬁmmmemgm% (Paxinos and Watson, 1998)
VA (A319 x 817) 4 x 4 AT.UW.

2. m3nszquuazmtuindyanailszam

9 [
NuAtedauil givevziimstiuiindyanaiszamlaesan (field potentials) Tunynaaoi
ad . . Y a o v o =R a

FAVMUITNITVOY Freir Hazame ( Freir et al, 2001) lagaz 1y lulasdan Insadmsuiiunnyiia

Ay =2 o [l d' (] dAa

tungsten (Cat. No. 563410, A-M Systems, WA, USA) {lnaq I luiloauesaudsdwmniisnoguousaan

e CAl (anwandszana 2w, ) a9 3-1 wazilnlulnstaalnsadmsunszdu ( Steraide

concentric bipolar electrode, model NE-100, USA) 1518 Schaffer collateral (Sch) & tyilluimﬂi L@ NN

uiinla @eiednlugli 3-1) wgmilivensdienies microelectrode amplifier (model 1800,

) a o ] 4
A-M Systems) uazm"lﬂuﬁmNauuw%i}aﬂammmaﬂﬂamum’?m PowerLab 4SP (ADInstruments,
4 [ { ] I~

Australia) 1911/51n54 Chart Pro v5.5 (ADInstruments) tWonaasdyanaiszamziuinlaaziiu
o ~ 1 . A . [ P a

dnd v a3 iSen1 evoked field potential 139 population EPSP (pEPSP) @Ngﬂ“ﬂ 3-1 1PANNIT

] v v

nizduloszamiudn CA3 Schaffer collateral (Sch) #1 111889 CA1 pyramidal cell @28n3zuanWD
c'v 9 Qs’l = a 4 o =] 1 a

& (n3zdu 1 asalunng 2 1N ) MsagaznIzii lagmstiunnainugveuauaga (EPSP
) YA ° < IS P-4 {

amplitude) 1lazANNAINTU ( EPSP slope) voadnd Inlihiiwndeailunlesisudmslasuag

9 v
Tugenaugu naesonniuziimsnszqualenszuannuanudge (10 trains of pulses [20 pulses,

s

. . Y 9y Ao 1 = M 9 A a
200 Hz], 2 sec inter-train interval) ummﬁaumammﬁmmamm'l‘ﬂ'e)ﬂ 2-3 %2119 91 EPSP Minail

v
a =

1 Y 3 ' A Y @ A d a .
meJa%ﬂmqmazmﬂg”lmﬂunmsmmuu”mﬂ’nmam"mu 1 ‘B?Ill\ii]%ﬂi’]ﬁ]%ﬂ‘llﬂﬁlﬂﬂ LTP (Bliss

U

and Lomo, 1973)
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sosoees Y
- N i - —_—

v 1 9
5UM3-1 S3msanymsteneadyanalszemiauesdudd Tduanila Tasmsilndanszdu (Stim)

Ll

~

N Schaffer collateral (SC) Fuiluuenyeuves CA3 pyramidal cell waziiufini CAl pyramidal cell

Y
Awv @ a a 1 o Y
\ﬂu'ﬁ]ﬂﬁFﬂ3ﬁﬂ‘]&l'lNani’]\iﬂ'liﬁﬂ‘H'lﬂigﬁ‘ﬂ‘ﬁﬂ'lWﬁluﬂ’liﬂ’lﬂ‘ﬂ@ﬂﬁﬂluﬂlu'lmﬂﬁzfT’I‘V]llﬂ'E]EJ'NEJ'I'Ju'I‘L!

~

[ 4 A a { [
(LTP) 91nuens®UUDN Schaffer collateral (SC) lguaulasnueaursadnsiiian CAl °1umémqu
Yo v o = ~ @ Ay Yo a . @ J
1a5ummizaiazaie nJismmﬂﬂﬂﬂﬂqw"lﬂiumiazmﬂwmu 1azy1 Donepezil Tuvuaaanaln
9 9
YNAU

a s Y
3. NFANTIEHUBYA

X v R A o a o @ Y,
Evoked field potential (EPSP) azgniiufintiomsiinunaniiznaienas Tagldlisunsy Peak
1 [ [ F4 [
analysis 39090 11/51tA53 Chart 5.5 (ADInstruments) #492 Idnunasalall (slope) tazarundeiunld
[ A ) o I I 3 s A a ' Y
peak Y9N3 1WUDY EPSP (A4317 3-2) nndnmaniiunlesidud mednizinavosasanadons
deinudyanalszaim sggnisuiethumaundouazandeuuuinasgiu aoaneldluns
NATBUANUUANANTZHINNGNUDITOYAND one-way repeated measures ANOVA  HAZAINAIY

v
Dunnett’s pos hoc test Tﬂﬂﬁﬁmﬁﬂﬁ’”lﬁlﬂgm”lﬁﬂ 0.05

=3 U ' d' 4‘ a A
2.3 ﬂ”lﬁﬂﬂ‘lsﬂN@‘lliN%ﬂiﬁﬂﬂﬂ’E’)fnﬁlﬂﬁﬂul!‘lJﬁﬁm@@ﬁ1iﬁ@ﬂi%ﬁ]ﬂ‘”uﬂﬂ%ﬂiu

v
1. ﬂ’ﬁ!@?ﬂllﬁ@jﬂﬂaaﬁ

@ A o A A 1 1 < ay 9 Y o Y o =
wasniiimsnaaesnedssme Wi lunynguatepadaquuds 43velamimsia
Y
#19a1 urethane (ethylurethane; cat. No. U2500-500G, Sigma-Aldrich co.) Y11 3 A./AN. HINHNA?
) "9 o o ' = .
(overdose) MNINNNFBINDIVDINYNAADY HAIINTUTINMYaaVAN  (deeply anesthetized) 1ABNg
[ Y [
A379 withdrawal reflex vy MiwhdaneaIeniesdafsbz  (rodent decapitator, Harvard
v Y Y
Apparatus, USA) tazianzauedeonuuenayesadiudd Tduanilauimssaihminneuilddregu
Y [l
ieauesiuenlalu phosphate buffered saline (PBS; cat. No. P3813, Sigma-Aldrich co.) ttazlalu
naoad 115U UII89 ( centrifuge tube) UUIA 15 UA. AZIAN  phosphate buffer pH 7.4 NOAT AU
1 g} (] 1Y) 091} o o 9 A o . a <3 [ 3
510, A0FUAIMVDIAUDY 2 NTU NNUUINIMITUAATU (homogenizer) NANNTITEAY 5 1T]U
a A S g A o Y S o = . =
naulszinm 3 Wi nieawmuntude@edadu mnduildvyumie (centrifuge) N

a =

! 3 3 g’ { IR
10,000 §@U/u1ﬁ ﬁi’]ﬂﬁ’iﬂll 4 paraied 1y 15 ‘Lnﬁ LﬂuuTﬁNﬂQﬁLﬂu‘ﬂﬂQLWﬂ’Jﬂ@ﬂ@gﬁ?uuu

Q G
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a =

4 ) a d o ) < { ' o
(supernatants) 1011 I Anszinuiinsetr liinu 1Anguvgd -20 esrwadoa auniegshims

U

Aaszviae 11

a d A A Y a
2. M iEnsinamsaelseamaiemaiia HPLC

09/’ dy o o d‘ 9 1 a [ a Jd a
Tunauzi Iaens1in superatants N ldanauesaudl Tduanila wmseimysum
a 1 I 4
yoansnozii Tu 1aun ngauua uoauan Inadu uazmih fudu Taenies HPLC wag fluorescence
detector (Waters detector model 474) 43583 Lindroth 4ag Mopper (1979) Tagnasazgniimiim
precolumn fluorescence derivatization AUETHEUTEHIN O-phthaldialdehyde (OPA; cat. No. P0657,
Sigma-Aldrich co.) I8¢ mercaptoethanol ([ 1-Mercaptoethanol; cat. No. M6250, Sigma-Aldrich co.)
Ysuamsdetszamluans  supernatant  flavinauesaruddlduauila szdunaldnnmsii
. . A ' A Ao Y . @ Yy 9
calibration curve WNUNT plot izﬂ’JW\‘Iﬂ’NllQ’QGUENWﬂ‘WmVlﬂ ( peak height) NUANMUNVY

(concentration) YIAIINIATIFIU 3 5EAL

9o I Yy 9 ] I a a G4 Yo
lumswssuasinasg las sty nududu vihedudaa Tuais (mM) taz ldfmuna

v & ] v 1 a Aaa @ {
nauiunioe lulasnsudeladans (L g/ml) dawanaluaisian 3-1

Y 1 :' o o ] Iy a a 1 a IS
M3191 3-1 mumuﬂmaQauazmiﬂ1mmmmt%’u%’uwmmﬂuuaahmi (mM) ttazalsunanilu

luTlnsnsuneiianans (Ug/mDueaasuIagIunIaesil Tui 5 aAnududu

concentration | 0.025 mM [0.050 mM| 0.125 mM | 0.250 mM | 0.500 mM
Standard MW ug/ml ug/ml ug/ml ug/ml ug/ml
Aspatate 133.11 3.50 7.00 17.50 35.00 70.00
Glutamate 147.13 3.67 7.33 18.33 36.67 73.33
Serine 105.09 2.83 5.67 14.17 28.33 56.67
Glutamine 146.15 3.83 7.67 19.17 38.33 76.67
Glycine 75.07 2.67 5.33 13.33 26.67 53.33
GABA 103.12 2.83 5.67 14.17 28.33 56.67

a 4 a a Qs}l 1 A
HAMIAATICHENTIATTIU 6 FiA FHAaz 5 ANuTuTug az 3 a5 laaundovesans
WIATTIUAN UFAIRIA1TINN 3-2 1AaZA29619 IAT11 TALNTUUBIENTUIATTIUA TN AT 0.02

Aa A 4 Y] ~ = o @ d‘ o 9 9
0.05, 0.125, 0.25, 1Az 0.5 Fad lwans uaaedagin 3-2 89 3-6 mudky  tazweidoyauasansm
[ ] 4 1 dy d' 9 a Y 9 ] I~ ] [
anuduRusszrenunldns v Iasun TaunsunazisunannududuniiaoiluluTasnsudo
Aa aa 4 =~ = = 9 Y o ~
Hadans vesmsasgutedihsing ngauua a3y ngaiu Inadu uazmih azlanslasgln

9
3-7 doyaii 1 lumsdunanmszaunsnezi Tu9INAI0819 supernatant Vodeuo 60 11/
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E
~ 9.

uenniifade lakimsasadouANUIUSIN0INIRATITUIATTIUFIAR 1 AI01AT D
v 1

HPLC i1a2 fluorescence detector # 101 intraday variation #28MFA3ENAT 3 ANUTUTUADYHA

4 =S = = 9 o = Qs/l %
YoIF1TNINTIFIU toa1iea ngaua e u ngaliu Tnadu wazmin vimsaa 6 aTaneluiy
= [ o J Y 9 Aa N VY A o 1 A VoA
B AUIUMIMANUTUTUNIATIZY IAA81AT09  HPLC AUIUMIAIRAY (mean) Aoy
11A5191U (standard deviation , SD) 121 % coefficients of variation (%CV) Foyah lALaaInIn15 197

3-3

a Y
3. MITAUATITHUDYA

N}

9 Ay Y Ao I 9 a a =& o a o aa YA
"umaljmnUlﬂinﬂmi’;i]ﬂﬁ]mﬂuﬁljay‘mmﬂim1m61Nﬂxgﬂumnmﬁzvmwﬁﬂﬁ Iﬂﬂﬁl“]fﬂ‘ﬁ Student’s
A Y Y

o o W o ! Y { v
t-test W?’ﬂ ANOVA uaNUHuIZay mﬁeﬁuagﬂuaﬂymzuaz:inmuﬂqmawamﬁﬁmmi

u

E4 1
9 w =

WSeumeuanuuanag tazasaiedifai [ =0.05

o
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~ v A Aqu A o ~ ~ = 9
M1 32 muildnsvesnsaeziiTu neaihsma ngauua ie3u ngaitiu Tnadu nazmin 5

Yy 9 1 I v 1 Aa Aaa 1 A Ayny = qszl
ﬂ’Jmmmuwmmﬂu"bﬂmmmauaaamuazmmamn"lmnﬂmmﬂ 3 A9

Aspatate
Conc. (ug/ml) Area 1 Area 2 Area 3 Mean
3.50 582,489 591,851 609,810 594,717
7.00 1,177,263 1,073,284 1,104,069 1,118,205
17.50 3,018,231 2,956,524 3,000,139 2,991,631
35.00 5,411,950 5,039,178 5,575,224 5,342,117
70.00 10,240,378 9,996,989 11,165,377 10,467,581
Glutamate
Conc. (ug/ml) Area 1 Area 2 Area 3 Mean
3.67 564,584 604,973 604,029 591,195
7.33 1,243,140 1,227,711 1,188,840 1,219,897
18.33 2,845,374 2,733,587 2,544,745 2,707,902
36.67 5,287,021 5,105,304 5,371,255 5,254,527
73.33 10,208,899 9,851,666 10,921,887 10,327,484
Serine
Conc. (ug/ml) Area 1 Area 2 Area 3 Mean
2.83 477,575 469,378 483,206 476,720
5.67 1,094,930 1,031,534 1,028,826 1,051,763
14.17 2,162,947 2,200,949 2,083,776 2,149,224
28.33 4,288,870 4,184,739 4,239,633 4,237,747
56.67 7,982,842 7,929,683 9,078,621 8,330,382
Glutamine
Conc. (ug/ml) Area 1 Area 2 Area 3 Mean
3.83 586,324 566,769 574,592 575,895
7.67 1,280,017 1,169,044 1,174,654 1,207,905
19.17 2,880,441 2,790,697 2,761,089 2,810,742
38.33 5,708,374 5,485,879 5,916,320 5,703,524
76.67 11,278,242 10,840,357 11,980,609 11,366,403
Glycine
Conc. (ug/ml) Area 1 Area 2 Area 3 Mean
2.67 483,499 483,148 498,533 488,393
5.33 1,026,187 915,846 967,944 969,992
13.33 2,322,171 2,337,904 2,394,803 2,351,626
26.67 5,265,884 5,247,970 4,738,974 5,084,276
53.33 9,917,786 9,995,206 10,760,687 10,224,560
GABA
Conc. (ug/ml) Area 1 Area 2 Area 3 Mean
2.83 776,218 757,639 779,703 771,187
5.67 1,493,974 1,642,633 1,435,131 1,523,913
14.17 3,535,381 3,369,680 3,390,747 3,431,936
28.33 6,985,891 7,052,891 6,851,129 6,963,304
56.67 13,585,276 12,878,375 14,351,146 13,604,932
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3 1 a J
M13199 3-3 UEAY intraday variation (A1 mean, SD, % CV) ¥03e1311a5g1UnTAzd Tu todihima

A A A Yy 9
ﬂQGﬂLllG] LHDTU uazﬂgmmu N 3 ANWVNUU

Standard Aspatate
conc.fwdau | conc.ilainmsia [ conc.iwwdau | conc.itldainmsial conc.disden conc.#ldannnsia
conc. (ug/ml) 3.5 ug/ml (ug/ml) 17.5 ug/ml (ug/ml) 70 ug/ml (ug/ml)
1 571,615 2.6852 [ 2,801,855 17.7892 8,678,259 57.5863
2 667,495 3.3345 [ 3,094,517 19.7712 9,607,798 63.8815
Day 1 3 625,105 3.0475 [ 3,086,905 19.7197 | 10,522,635 70.0771
4 653,319 3.2385 | 3,237,009 20.7362 | 11,423,067 76.1752
5 667,136 3.3321 [ 3,121,546 19.9543 | 11,415,775 76.1258
6 669,228 3.3463 | 3,261,353 20.9011 [ 10,698,220 71.2662
Mean 3.1640 19.8119 69.1853
SD 0.2604 1.1102 7.2776
%CV 8.23 5.60 10.52
Standard Glutamate
conc.7wezen | conc.léiannnsda | conc.iiwedeu | conc.iléannnisda | conc.iliedan | conc.iildainnsda
conc. (ug/ml) | 3.67 ug/ml (ug/ml) 18.33 ug/ml (ug/ml) 73.33 ug/ml (ug/ml)
1 561,484 29771 | 2,821,171 19.2378 9,654,635 68.4114
2 547,352 2.8754 | 2,977,952 20.3660 9,982,849 70.7733
Day 1 557,978 2.9518 | 2,897,676 19.7883 | 10,581,129 75.0785
4 626,582 3.4455 | 2,945,446 20.1321 | 11,623,549 82.5797
5 640,459 3.5454 | 3,023,063 20.6906 | 11,452,275 81.3473
6 631,452 3.4806 | 2,889,349 19.7284 | 10,406,804 73.8240
Mean 3.2126 19.9905 75.3357
SD 0.3079 0.5152 5.6520
%CV 9.58 2.58 7.50
Standard Serine
conc.feiau | conc.#lgann1sia| conc.ilwdeu |conc.illdanmsda| conc.iwdan | conc.#ldannnsia
conc. (ug/m 2.83 ug/ml (ug/ml) 14.17 ug/ml (ug/ml) 56.67 ug/ml (ug/ml)
1 594,055 3.1759 2,216,402 14.3932 7,690,031 52.2392
2 551,523 2.8818 2,341,212 15.2561 7,647,111 51.9424
Day 1 600,718 3.2219 2,286,550 14.8782 7,852,899 53.3653
4 509,782 2.5932 2,318,906 15.1019 8,757,937 59.6229
5 501,863 2.5384 2,434,884 15.9038 8,611,340 58.6093
6 520,633 2.6682 2,434,879 15.9038 7,956,433 54.0811
Mean 2.8466 15.2395 54.9767
SD 0.2972 0.5914 3.3131
%CV 10.44 3.88 6.03
Standard Glutamine
conc.fe3an  conc.ildannisda | conc.iedan  conc.iildannisda| conc.iwedsn  conc.ildannnisde
conc. (ug/ml) 3.83 conc. (ug/ml) 19.17 conc. (ug/ml) 76.67 conc. (ug/ml)
1 590,094 3.8289 | 3,096,573 20.7752 | 10,851,006 73.2029
2 597,186 3.8768 | 3,274,831 21.9804 [ 11,311,119 76.3138
Day 1 3 565,050 3.6595 [ 3,229,776 21.6758 [ 11,945,339 80.6017
4 655,475 4.2709 | 3,301,070 22.1578 [ 13,179,901 88.9486
5 675,799 4.4083 | 3,209,917 21.5415 [ 13,068,052 88.1924
6 689,304 4.4996 | 3,382,162 22.7061 [ 11,867,160 80.0732
Mean 4.0907 21.8061 81.2221
SD 0.3466 0.6502 6.2990
%CV 8.47 2.98 7.76
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@13197 3-4 11AAY intraday variation (A1 mean, SD, % CV) Y09a1311A55 UnIA0zd 1y Inadu uagm

Y A Y 9
U1 N 3 ANUUVUUY

Standard Glycine
conc.fws3au | conc.#léiainnsda | conc.iiwdan | conc.iléannnisda | conc.iledau | conc.ilgannnisia
conc. (ug/ml) | 2.67 ug/ml (ug/ml) 13.33 ug/ml (ug/ml) 53.33 ug/ml (ug/ml)
1 518,456 3.1518 | 2,420,056 12.9978 | 10,098,665 52.7560
2 564,248 3.3889 | 2,554,313 13.6930 9,396,453 49.1201
Day 1 495,571 3.0333 | 2,518,821 13.5092 9,426,832 49.2774
4 592,077 3.5330 | 2,520,377 13.5173 | 10,533,060 55.0052
5 594,850 3.5473 | 2,555,727 13.7003 | 10,205,152 53.3073
6 616,365 3.6587 | 2,514,729 13.4880 8,920,645 46.6564
Mean 3.3855 13.4843 51.0204
SD 0.2455 0.2564 3.1564
%CV 7.25 1.90 6.19
Standard GABA
conc.7ie3au | conc.lgainmsia| conc.iiwe3au | conc.ildannnsiin| conc.edau | conc.ildannsda
conc. (ug/m 2.83 ug/ml (ug/ml) 14.17 ug/mi (ug/ml) 56.67 ug/mi (ug/ml)
1 736,736 2.5572 3,664,409 14.8424 15,126,095 62.9386
2 651,804 2.2008 3,905,199 15.8529 14,108,522 58.6686
Day 1 693,906 2.3775 3,768,901 15.2809 14,346,998 59.6693
4 779,703 2.7375 3,723,626 15.0909 15,974,952 66.5006
5 824,930 2.9273 3,647,688 14.7723 15,293,324 63.6403
6 763,939 2.6713 3,931,228 15.9621 15,348,621 63.8723
Mean 2.5786 15.3003 62.5483
SD 0.2604 0.5052 2.9003
%CV 10.10 3.30 4.64

3-13
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Shimadzu CLASS-VP V 6.14 SP1 External Standard Report Page 1 of 1
Method Name: C:\CLASS-VP\Data\RID Pa\18-02-53\Glucose.met
Data Name: C:\CLASS-VP\Data\Pornnarin\Standard-%CV\Standard Mix 0.025 mM-004
User: System
Acquired: 4/28/2010 10:30:47 AM
Printed: 4/30/2010 11:03:23 AM
1.0 1.0
0.8 -0.8
0.6 -| Fo.6
. E
{=
0.4 ‘a-__) 0.4
8
£
o
I
0.2+ % é _CIC_J . -0.2
g g 8¢ g 3
00 ‘IU Al NI VAN A A oo
0 é 1‘0 1‘5 2‘0 2‘5 3‘0 3‘5 4‘0
Minutes
Detector C
Pk # Name Retention Time Area Height
1 Aspatate 5.077 555767 47967
2 Glutamate 6.929 561484 38629
3 Serine 14.387 477575 21824
4 Glutamine 15.537 574592 23908
5 Homoserine 20.004 6507827 231592
6 Glycine 24.213 483499 17532
9 GABA 38.129 757639 34877
Totals
9918384 416327

519 3-2 d10819 15N TauATUVDIATUINT

U

4 = =\ IS} 9
l,l,’é)ﬁ’ﬂﬁm@] NAALNA LHBTU NYATUU Ulﬂﬁ“]fl.l LAZNIUN
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Shimadzu CLASS-VP V 6.14 SP1 External Standard Report Page 1 of 1

Method Name: C:\CLASS-VP\Data\RID Pa\18-02-53\Glucose.met
Data Name: C:\CLASS-VP\Data\Pornnarin\Standard-%CV\Standard Mix 0.05 mM-003

User: System
Acquired: 4/27/2010 2:39:06 PM
Printed: 4/30/2010 11:38:32 AM
1.0 1.0
0.8+ -0.8
0.6 + -0.6
. g
c
0.4+ '5 -0.4
[%2]
o
5
g e *
T ° Yo
024 & ,% cc © < Fo.2
< 5 £5 £ 2
[ n S )
AV VA |\ N
00 IAVEIN ~ PANL N ‘/\‘L\\ FASH N 00
0 5 10 15 20 2 30 3 40
Minutes
Detector C
PK # Name Retention Time Area Height
1 Aspatate 5.104 1464591 126559
2 Glutamate 6.982 1227711 84415
4 Serine 14.568 2136431 94930
5 Glutamine 15.762 1014556 45871
7 Homoserine 20.314 6545876 231958
8 Glycine 24.635 1544782 53452
11 GABA 38.579 1816312 85192
Totals
15750260 722377

517 3-3 deg1a Tasn TauNTUURIENTNIATTIUANUTUYU 0.05 mM VBInFADLH TUTiAA1SY A

Y

4 = = = 9
LL’(’)ET‘]J”I?WW] NAANNA [FDIU NYATUU llﬂa“]ﬂ! HagnNI1Uu
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Shimadzu CLASS-VP V 6.14 SP1 External Standard Report Page 1 of 1
Method Name: C:\CLASS-VP\Data\RID Pa\18-02-53\Glucose.met
Data Name: C:\CLASS-VP\Data\Pornnarin\Standard-%CV\Standard Mix 0.125 mM-002
User: System
Acquired: 4/27/2010 4:05:06 PM
Printed: 4/30/2010 11:22:10 AM
1.0 1.0
0.84 0.8
0.6 0.6
2
° S
£
044 @ 5 Fo.4
< Q 0
5 £ =
< g 2 T 3
© o o 3
0.2 SE k= Fo.2
oM o
(D$ g
INANIAN| \ M\ \ /M\\ \
00 1T \ 1 \ i \ 00
0 é 1‘0 1‘5 2‘0 2‘5 3‘0 3‘5 4‘0
Minutes
Detector C
PK # Name Retention Time Area Height
3 Aspatate 5.116 2754393 235983
5 Glutamate 7.004 2733587 187812
7 Serine 14.599 2200949 98046
8 Glutamine 15.798 2790697 114587
9 Homoserine 20.357 6676427 236363
10 Glycine 24.691 2322171 78779
13 GABA 38.627 3369680 172309
Totals
22847903 1123881

517 3-4 A10619 AT TANTVVDIATNIATTIUATUYU 0.125 mM ¥0INTADLH TUFLAA1G AD

U

4 = =\ IS} 9
l,l,’é)ﬁ’ﬂﬁm@] NAALNA LHBTU NYATUU Ulﬂﬁ“]fl.l LAZNIUN
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Shimadzu CLASS-VP V 6.14 SP1 External Standard Report Page 1 of 1
Method Name: C:\CLASS-VP\Data\RID Pa\18-02-53\Glucose.met
Data Name: C:\CLASS-VP\Data\Pornnarin\Standard-%CV\Standard Mix 0.25 mM-003
User: System
Acquired: 4/28/2010 11:14:33 AM
Printed: 4/30/2010 10:19:11 AM
1.0 1.0
0.8+ -0.8
2
064 £ o6
7 o
< %
£ 2
g °
= ) < >
0.4 - © 2 = 2 Fo.4
€ I )
g £
_8 o [0}
0.2 o Foz2
\ \ \ \ \ \
00 I \ 1 \ - \ oo
0 5 10 15 20 25 %0 3 40
Minutes
Detector C
Pk # Name Retention Time Area Height
1 Aspatate 5.051 5575224 480865
2 Glutamate 6.877 5371255 370865
4 Serine 14.339 4239633 193107
5 Glutamine 15.484 5916320 243313
6 Homoserine 19.935 6463737 232031
7 Glycine 24.132 4738974 164181
10 GABA 38.159 6851129 326550
Totals
39156273 2010912

517 3-5 dod19 a1 TauNTUVRIATMIATTIUANUTLTY 0.25 mM VYBInTABLN TUYTAA1I AD

Y

4 = = = 9
LL’(’)ET‘]J”I?WW] NAANNA [FDIU NYATUU ulﬂﬁ"]fu LHagnN1u1
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Shimadzu CLASS-VP V 6.14 SP1 External Standard Report Page 1 of 1
Method Name: C:\CLASS-VP\Data\RID Pa\18-02-53\Glucose.met
Data Name: C:\CLASS-VP\Data\Pornnarin\Standard-%CV\Standard Mix 0.5 mM-006
User: System
Acquired: 4/30/2010 12:01:26 PM
Printed: 4/30/2010 3:41:37 PM
1.0 1.0
Q
s
©
73
< g
0.8 -| < Fos
§ 2
5 <
) )
0.6 -| o Fo.6
€
g
=2 2
°g o 2 g
5 X S
0.4+ [ 5‘ -0.4
0.2+ A& A\ -0.2
00 NN ‘ ‘ - \ ‘AJ\ L 1o
0 5 10 15 20 25 20 3 40
Minutes
Detector C
Pk # Name Retention Time Area Height
1 Aspatate 5.165 9607798 785333
2 Glutamate 7.091 9982849 651292
3 Serine 14.799 7647111 348159
4 Glutamine 16.038 11311119 427292
5 Homoserine 20.531 6512263 238185
7 Glycine 24.803 9396453 327064
10 GABA 38.443 14108522 657050
Totals
68566114 3434375

51U 3-6 @10619TATIN TALNTNVBIATIATTIUAMDUYU 0. 5 mM VBINTADLI Tuyiiaa1en Ao

U

4 = =\ IS} 9
l,l,’é)ﬁ’ﬂﬁm@] NAALNA [HBIU NYATNU Ulﬂﬁ“]fl.l LAZNIUN
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Glutamate

Aspatate y = 197534x + 148599 Y = 214499x + 293217
R2 = 0.9996 R? = 0.9985
14,000,000 20,000,000
12,000,000 15,000,000
10,000,000
©
§ 8000,000 2 10,000,000
< 6,000,000 <
4,000,000 5,000,000
2,000,000
0.00 20.00 40.00 60.00 80.00 0.00 20.00 40.00 60.00 80.00 100.00
conc. (ug/ml) conc.(ug/ml)
Glutamine y = 197266.41x + 1060973.42
R =0.99 Serine y = 306160x + 407437
25,000,000 R? = 0.9994
35,000,000
20,000,000 30,000,000
8 15,000,000 25,000,000
z § 20,000,000
10,000,000 < 15,000,000
5,000,000 10,000,000
5,000,000
0.00 2000 40.00 60.00 80.00 100.00 120.00 0.00 20.00 40.00 60.00 80.00 100.00 120.00
conc.(ug/ml) conc.(ug/ml)
Glycine = R
Y y= 5025889x 23326 GABA y = 357982x + 68443
R? = 0.9999 R?=0.9997
30,000,000 20000000
25,000,000
20,000,000 15000000
1]
$ 15,000,000 € 10000000
< <
10,000,000
5,000,000 5000000
R ]
0.00 10.00 20.00 30.00 40.00 50.00  60.00 0 10 20 30 40 50 60
conc.(ug/ml) conc.(ug/ml)

3 19 3-7 asmlnlSeuievnas 91U (standard calibration curves) Y94 aspartate, glutamate, glutamine,

2 '
serine, glycine 4taz GABA d1m511dmiaanudutuaniiuinld peak voalasun Taunsy
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Wan1slvguazenNisena

1. HAUBIAFANAABNGANTINNIIBHUFUAZANIN
1.1 Morris Water Maze Test

~ 9 o Y . 3 amdq Y= .
MInadeuMsGeuiuazanuinlaely Morris Water Maze Test iIU3TN14AAY spatial
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reference memory WUIWIAWBIHYLANNNGUNTDIY 19 1@oulFlumsnwmulaii 3o  Escape

Q

¥ =

o ' =2 =2 o SO Y 2 o < o o A
latency) AUALTNUBINITHA (Dayl) auDIIUgATIBvInsHnlAm IndResiuuazanauiludrAuile
' 3‘ <3| Y { Y ' Y {q 9 g Y A
Anheiuiune 750 G 3-8) uaraaliiiunmsdadennyilslumsnaasaseil ldvyunid

o Y A @ Y1 = ' Il Y
anuesalumsaadrlndineany udnaunasvesszezna lumsmumulugg 2-3 Junsnag

] v g
UANANNUNATY

35
30
25
20
15
10

—O— control (n = 10)
—0—BM(n = 8)
—4—Don (n=9)
——GK (n =8)

Escape Latency (sec)

Day1 Day?2 Day3 Day4 Day5 Day6 Day7
Training Day
~ ) o A o A ¥ .
gﬂﬂ 3-8 LLe1AN profile g‘]JI,L‘]J‘]Jﬂ”liliﬂuguﬁzﬂimﬁ]iLﬂEJ’Jﬂ‘]JTcTﬂ”IH‘VWIﬂﬁ’O‘]JﬂTJEJ Morris Water Maze Tﬂfl
= = 1 3' J Y g} J 1 U A Yo v o
nJiEmmsmizaznaﬂumi’mumnmu%m (escape latency) izﬂ’)NﬂHLmﬂqn%]’mﬂiJﬂulﬂ‘iﬂﬁim1
Y 1A [ [ a Y % 1
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Ao 24.8+ 1.7 sec, zone 2 A0 25.1 £2.1 sec, zone 3 A0 18.2 + 2.3 sec 1A zone 4 7D 20.8 + 3.5 sec &4
] 1 dyo nm Y A I A = 1 9 oy 1 (%% Y
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1.2 Novel Object Recognition (NOR) Test
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2. mameameadyanalszanianesaiudiliuanila
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2.3 waveamsanaulzienensmeneadaanalszamnanssaiudiiuanila
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ANNARFUMeNain HFS wldsulauinniuleomae 31.6%  lasiimasAuminy 131.6.948.6
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3. msfinwavesmsananemtasunasvesasaedszamaiinezilu
o (] 1 a a 1 1 4
fredrelasinlaunsundszneudie peak VpINTARLHN Tuwtiaa1es 1dun toailhsina ngan
~ ~ ~ Y Ay a ' A
e o5 U Ngentiy Inadu wazn i 11a9nmMsaa  supernatant vosanosadudd T uawila voany
] ' v v
UANGN vehicle (control), Donepezil, BM Hagginkgo 1aaindzlil 16-19 awday e ldamnunla
] =) o v 3 Yy 9 = o
peak  VBIE13A199 910 1A TAunsy 3 A Ianauduanudutu lasouny standard
. . A Y o ' A a 1 @ =\ ]
calibration curve (gﬂ”ﬂ 3-7) UM URQAY LAY plot nslenaunsaozil luuaaz@i lagivilieg
I 1 A a o = dy @ A o w
Wudeliaaninlisauveuiioaues awaaalugii 3-20 uaz 3-21 awdau
1 1 1 1 { o
INHANIINATDI WU HYLANGY vehicle (control) NANRABVBIBTITINN NGA NG NGA
=\ =~ = Y 1 a Y
ey Tnady  uazmih Tuauesawddlduauila iy 5.9120.27, 16.6120.59, 1.79+0.36,

1.72+0.06, 0.88+0.05 118£6.66+0.1 pg/ml/mg protein MINAIAL

v
1 =

Yo v 2] A = J ~ = ~
WHﬂﬁiﬁﬂhlﬂi‘]Jﬁﬁﬁ'ﬂﬂﬁl‘Uuﬂgﬂ’Jﬂ Nﬂ?tﬂﬂﬂﬂ]@ﬁll@ﬁﬂﬁlﬁ@] nAAILIA NPATNU LYBIU Ulﬂﬁ‘;]fu

Q

wazmMi Tuauoaauil 917 5.8+0.4, 20.03+1.43, 3.03£0.89, 1.96=0.09, 0.97+0.13 1AL

1 Y [
7.05:0.44 pg/ml/mg protein MUAIAY FINVNVIRNIZNGAUNANVITOS WINITUNTANUUANAIIDE1

AN W

P8 1TBEAYNNADA (p < 0.05; one-way ANOVA and Dunnett post hoc test) tlonf3suiiounungy
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'
1A

Yo = = J 2 = ~ 9
wuﬂaw'lmum Donepezil uamagnedihien NAATUNA NAATNU LHDTU ]'lﬂﬁ"])’u Hagn1un

U q
Y

Tueruosd Uil 1NAY 5.85+0.4, 17.58+0.92, 4.23+0.47, 1.6+0.09, 0.54+0.04 1182 6.28+0.67 pg/ml/mg
1 9 v

protein  MWANY FInuIRMZngmiuuaz Inadumniuniisuanawedeiiisdagneana
(p <0.05; one-way ANOVA and Dunnett post hoc test) Lﬁ@kﬂ?ﬂﬂlﬁﬂﬂﬁﬂﬂﬁ:u control

o @ 1 VoA Yo [ aAa = 4 =\ =)

dmsunyunngui lasuasadansuil Taundsueaihina ngauua ngailiv o3

9

Tradu wazmih Tuauoad1uil 9171 6.09£0.44 , 19.47+0.56, 3.24+0.4, 2.1£0.09, 0.85+0.05 1AL
7.6+0.32pg/ml/mg protein AMUAIAU FINUNTAUUBINGAUUA NAINY LazIr0TUTA URASFINIINY

NAUAIVANBENUTIAIAYNINADA (p < 0.05; one-way ANOVA and Dunnett post hoc test)
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Shimadzu CLASS-VP V 1 Internal Standard Report Page 1 of 1
Data Name: C:\CLASS-VP\Data\Pornnarin\prommi old rat\Control\hippocampus 1 -002

User: System
Acquired: 9/21/2010 10:46:01 AM
Printed: 1

Retention Time
084 Name
Area
06] 3 2 S
< [} o
g 3 3 N
g < 2 3 <
< o B g 8 g
0.4 10 E < g g S ’\o
§ <n$ Re T § © S 3
¢ 3 o B g . g 3 3
= g 9 S o 3 S ° B
0.2 gﬁ § ch - “ & -
V8 © 28 3 2
g s 2 &
0.0 e ] i ‘M |
0 5 10 15 20 2 30 3 40
Minutes
Detector C
Pk # Name Retention Time Area Height
2 Aspatate 5.285 4197813 287727
3 Glutamate 7.168 15110414 817299
5 Serine 14.812 1736781 55250
6 Glutamine 16.053 2097026 60031
7 Homoserine 20.558 6990339 178851
8 Glycine 24.844 935019 27329
12 GABA 38.817 7400302 242754
Totals

38467694 1669241

d‘ LY 1 a 4 1 a 1 1
317 3-16 19619 1A TALNTNIINMIAATIEH supernatant YoIaNoIaINFY Tilunvilanyunngy

AILAN
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Data Name: C:\CLASS-VP\Data\Pornnarin\prommi old rat\Aricept\hippocampus 4 -002

User: System
Acquired: 9/22/2010 2:47:00 PM
Printed: 1
Retention Time
0.6 gferge
g @ 2
g © &
@ § 3 Q <
5 B8Nk 3 g 3
o eF 9 g 2
2 3 s, 202 8 g =
024 © % 6% § N £ g g 9
s 0§ B g : 5
N3 €8 o e 3
8 o
0.01 g 2 P \
0 5 10 15 20 2 20 3 40
Minutes
Detector C
Pk # Name Retention Time Area Height
2 Aspatate 5.283 4055562 270204
3 Glutamate 7.145 11735089 620582
4 Serine 14.765 1461780 45498
5 Glutamine 15.990 2835851 80589
7 Homoserine 20.510 7371897 183717
8 Glycine 24.761 886580 25464
12 GABA 38.809 5638703 178052
Totals
33985462 1404105

U [

51 3-17 Ae619 Tnsun TaunsuaINMsAATIZN supernatant voauesaLdl Tunuilanyuni 1asy

Y

Donepezil
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Shimadzu CLASS-VP V1 Internal Standard Report Page 1 of 1
Data Name: C:\CLASS-VP\Data\Pornnarin\prommi old rat\BM\hippocampus 2 -002

User: System
Acquired: 9/23/2010 3:54:48 PM
Printed: 1

1.0
Retention Time
Name
0.8 Area
0.6 § ”3'3’ o 3
g 8 ~ 3 <
g o B = - 8 2
< 38 3 g = ©
04+ 2 gw 8 ] 3
< ofN NE S o 9 ;
g 7 g 2§y o 2 g 3¢ °
0.2 gw — E é‘ N - —
3 : B
°-°\£§ WA ‘N\\‘ | \;@i\ ‘
0 5 10 15 20 2 20 3 40
Minutes
Detector C
Pk # Name Retention Time Area Height
2 Aspatate 5.249 4362537 280280
3 Glutamate 7.127 17384122 866245
5 Serine 14.751 2348192 68844
6 Glutamine 16.001 3055092 79220
8 Homoserine 20.515 7273554 167898
9 Glycine 24,777 1216691 33607
13 GABA 38.758 9419936 277547
Totals
45060123 1773641

51/ 3-18 A0d19TA53n TaLNsNIINMITATIZA supernatant vosauoaIud) Tluanilanyunn1asy

Y

asanansuil
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Shimadzu CLASS-VP V 1 Internal Standard Report Page 1 of 1
Data Name: C:\CLASS-VP\Data\Pornnarin\prommi old rat\GK\hippocampus 8 -002

User: System
Acquired: 9/27/2010 10:30:04 AM
Printed: 1

Retention Time
Name
Area
0.6
® o N )
g g o 2 9
041 5 2 = 2 <
2 g @ 2 © 5 g
© n 2 £ 5 b [U)
0 & g% 2 @ © 3
R Sop 0 3 > 2 £ §
38 8 oc © O 2 3 < &
024 ® 3 58 2 8 2 4 ®
5 8g °. -
ER 3 2
8 ) § ol
A%\‘ AN ’
0.0 b I 1 &\
0 5 10 15 20 2 2 5 40
Minutes
Detector C
Pk # Name Retention Time Area Height
2 Aspatate 5.278 3663995 228144
3 Glutamate 7.157 14146649 677005
4 Sreine 14.785 2065923 57205
5 Glutamine 16.022 3893819 97543
7 Homoserine 20.546 7237308 156798
8 Glycine 24.814 987246 25970
11 GABA 38.803 7284249 195397
Totals
39279191 1438061

51/ 3-19 Mo TAsan TaunsNIINMIIATIZN supernatant vosaueaud) Tluanilanyunnlasy

U

asanalunilziie
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Aspartate

Aspartate (ug/ml/mg protein)
o = N w £ (5 o ~ foe]
P S
e

Vehicle Aricept BM Ginkgo

N
(&)

Glutamate *

n
o
L

Glutamate (ug/ml/mg protein)
B [
o (5] o (&)

Vehicle Aricept Ginkgo

Glutamine

o
=}
)

= 2.0 - I

Glutamine(ug/ml/mg protein)
© O P = Now oW A s
o o1 o O» o o o o »
L L
—
-*
*

Vehicle Aricept BM Ginkgo

[

d' = ~ o 4 =\ a 9 1
E‘IJTI 3-20 wWssumeuszauveaoaihswa NAANUA LazngaIuu N ﬂllﬂﬁnﬂ supernatant TUBITIU
‘Qﬂiﬂuﬂni’lmamguﬁﬂdu vehicle (control), Aricept, BM e ginkgo (* =p <0.05; one-way ANOVA

and Dunnett post hoc test 1WSeum EJ‘]JﬁﬁJﬂ’cjll vehicle)
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25 - Serine

2.0 1

HH

151

1.0 1

Serine (ug/ml/mg protein)

0.5 4

0.0

Vehicle Aricept BM Ginkgo

1.4 4

Glycine

1.2 A

1.0+

0.8 -

0.6

0.4+

Glycine (ug/ml/mg protein)
*

Vehicle Aricept BM Ginkgo

10.0 4
90 | GABA
8.0
7.0 A
6.0
5.0
4.0
3.0
2.0
1.0 -
0.0

GABA (ug/ml/mg protein)

Vehicle Aricept BM Ginkgo

517 3-21 nlSevifisuszavveumoiu Tnadu naznin 1ia 14910 supernatant auosd 148111

Llﬂnﬂﬁﬂlﬂﬁﬁl‘guﬁﬂ@:u vehicle (control), Aricept, BM lagginkgo (* =p <0.05; one-way ANOVA and

Dunnett post hoc test 1seuneun ‘]Jﬂij:iJ vehicle)

=)
enUnenamsnaaes
1. HAUBIAFANAADANINAINIAIUMIFEUHAZANND

A o nm Y g A1 o Aw 9 dy Y
BINTTNANS) AU "l]"lhlllllﬂ nJu’mﬂ1’5memﬂummmmiu@qqmq Waﬂ’]iﬂﬂaﬂﬂul!ﬁﬂ\ﬂﬂlﬁu

v
[ a

Ty sssuAvEinnuuINTssmuAus IRsINUan U LAz M IRt Ingaeves

4 [] = [ A 9 = qul dy A [ a
(TJS”IT‘JJ‘VIEJ e ‘ﬂ‘VIiJ"I, W, 2547) 15 URYINY Wﬁ%llﬂi]"lﬂﬂﬁﬁﬂy"lﬂiﬂu LN@ﬁﬂuﬁ]iﬁﬂﬂﬁmUWiNu
a 1o @ 1 a 1 { @ @ a a
aananuuszeziial 90 Ju 11!1'?131,&?!9]111‘555%"]11@] WUIN ‘H‘Hﬁﬁ1@91}3‘]Jﬁﬁﬁﬂﬂ‘ﬁfﬂﬂWﬁJiJlef]@]ﬂiiiJ

msBouiiazauIuReINUAnIUN (spatial memory) AnTNguUAILAY TasdunaninszeznaInvy
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=

9 [ 9 9 v ] 9
NethegluTsuimeliunuldihwinnimynquaduaui lasummziiingu Fanwansdveil

ﬁaﬂﬂﬁmﬁ’uwamiﬁﬂ‘yﬂmmuﬁwammmﬁmﬂwieaﬁaaﬁﬁimamﬁvhum 9 1NITU Lﬁﬂﬂ@uﬁ"ﬁ

[

[ a 3| [ =S [ ] dy o = A o 1
gnansuiuduna 14 ’Juiu‘ﬁl&ﬂﬂﬂﬂi mmmmaﬂuﬂmmm“luwwmﬂﬁmmmmmmm

Y

o 09; 1 [ a A 1
91INA15AA scopolamine Fdudimsmeneadynalszamluszuninamesin iWnvewiosdie
YUIA 0.6 WN./NN. (Taepavarapruk et al., 2006a; Preedapirom et al., 2008a) N30RAMILAS ethylcholine
e . . & Aa 1 J a Ja k4 a 9
aziridinium ion (AF64A) FaliivaaaailszamIndmesan drevina 2 w1 lulua2 lulasans i
11 Tn598104 (Uabundit et al., 2010)
Han 3N lutuu$aeIn1IzANNIUINTBINNMTHNasAdoALAINING (2 vessel

. = Yo o Aa g ] Y] o d!y (Y
occlusion [2VO] method) Gluwguw Glf\‘lhlﬂ'i‘]Jﬁ'lﬁﬁ'ﬂﬂWiiJ‘JJlﬂuﬂﬁ'l 14 ’)u’l’iﬁﬂﬁﬂﬂWﬂWHﬂ'lﬂﬂ'liN'l@]ﬂ

A A o ) Y 1 ~ A ) Yo v o
E!ﬂﬂa@ﬂla@ﬂﬁ’lu’lﬁi‘IWUﬂU’]Nﬂ11ﬂﬂﬂ31wuﬁﬂquﬂjﬂﬂn‘ﬂ@jﬂﬁjﬂwaﬂﬂlaﬂﬂllﬁqﬂﬁﬂlﬂw'lg@]j[ﬂ’laga']ﬂ

A A [ 1 AY Yo v a S A
propylene glycol (PG) Iaslinynquiiinnzanuiwnnsesh lasumsanansud azliaunasvos

a

[

1 Y 2’ 1 1 A d‘ 9 L% 1 1 Y A
53ﬁJznafl,uﬂ15mgmu“l@uummnmmmqu sham ﬂﬁ]ﬂuﬁﬂllﬂiﬂﬂﬁw1ﬁmmhlmulﬂ@jﬂﬂﬁ6mﬁﬂﬂ
Y aw yw Y o Aav S A %
(Taepavarapruk et al., 2006b) UBNIINHUNANIITOHTITDAAADINUTIBNUIVY TUNYBE NATULN F9

Y a 4 a 1 (Y 1 o o a . %
5z°u”hwwiumﬁamummanummmmamiqmmm%uﬂ retention memory Glummaumqqmq

Q a

(Stough et al., 2001; Rooderys et al., 2002)

2. MsananeUNINAADMSTNINITINA long-term potentiation

o A A 3 o 1 ) a
naMsanyvavesnsanareunsuiie liuszeznar 16 Ju dems¥nihling lone-

=

term potentiation TUHYHAMIUTITUHIANUIA % EPSP slope Tunyunngui lasuaisanane
wini hifianuuananedelisdidyneadadenSeuieununyun lunquadugu d3liny
MmN IWAvImsanareIUNIuIAoNMIFMIIAING  long-term potentiation THHYUAMINETTUINA

13 A ' ;g S o w a A A
Lmﬂﬁﬂ'ﬁ‘ﬂﬂ\ﬂu‘ﬂNTLUJ'I’N’CTTD' bacosides g\‘lHJ‘Ll’fﬂ5'E')'é)ﬂi]‘VI‘ﬁﬂﬁWﬂﬂJUGluﬁi}!uulWiWiﬂJiJﬁnﬂﬁﬂﬂi]%LWiJ

Y

Aa a ] ] [ [ :JI = ] ] Y o 910'/ dd?
ﬂizﬁmmwmmmimmuatymum@1Jizammuumumzmﬂwmmmuaxmsiug ’J”]"lﬂﬂ"llu

l
(3 = =

(Parris et al., 1999) taziimsnymavesns asanaeayu lwsnsuiilunydoinsignmienir 1

U

amsgadoanuned1laeld NOS inhibitor udahimsnageumsFouiuazanusilas Morris

[ 2 v v
water maze test WUWIHHAMNsaNzHUYMsgdeanunsihiliiannmsmienivie NOs

9 w

. v & o 1 d 7= L. . . o qYa
inhibitor 18 FINT1WAUI NOS Lﬂulﬁ)uulGﬁNﬂﬁWﬂﬂﬂu nitric oxide-mediated pathway mlvina LTP
(Saraf et al., 2009)
o Y] = dy 1 A Yo o (2 a [ I
AIHITUNAMIANYIU ‘Vﬁa.ljllﬂ@]111TJ3iNGHWI‘VI"l,ﬂ3”]Jﬁ'ﬁf’fﬂﬂiULLﬂgﬂﬁﬂﬁﬂﬁﬂﬂulﬂuigEJ%L’JEI"I

1
o =

o v o qQ¥Ya .. Y 1 o IS A A A 1
90 U Z‘ﬂﬂ\l”liﬂclfﬂu”l(lﬂlﬂﬂ long-term potentiation ]lﬂLGI)'Llﬂ‘L! "]NLL‘]JSﬂTJEJL‘]J‘L!ﬁqu‘L!]lWiLLW‘L!i]‘LW]Lﬂ)’@’J”IGIf’JEJ
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o o <3| a {a a .
Mz iuemsiasuiteouys Inalaomwiz ludgeeiy ( Mix and Crews, 2002; Solomon et al.,

2002) ﬂf)ﬂi]‘ﬂ%!“ﬂu anticholinesterase L& cognitive enhancer (Das et al., 2002)

3. wavaansnAn S saelszanluanes
PR ) = & ~ o o A ~
NuATstElumMsAnIATwINNLAAINaYeINTszgnAmIsanans uineM Il asu)atves
% d‘ =) =) 1A (%] 1 Q' 1 =)
sgaumsaelszamriansaezl luluaueslvaaiusuuas Tasmwized o luauesaiugl 14
Y d! d' Y Y ~ 9 o v 091} 1 = = Y]
uanila FunervoanumMsGeuiuazAudl  (Kandel et al, 2000) HuAdualusanaudailagiiy
= [ a A [ A . v A
MIANYINAVDIETANANT LRSI aeuulaseauasdellssaIn (neurotransmitters) 1 a0 9893)
tooun FesaddeniuindiuIvngjuiudnyszduasdolszamngu monoamine IHUIUITOVDS
4 [ 4 @ a 1 { A o I~
Dulcy ttag  Rajan (2009) 1o iuiletlouasadansuiiliungnuyimald 15 Su dunan
v 7 Y Y v ~ a ~ Y o Aa A
1 da¥t e 60 un/NN. AWNINIZAUINgNUULNYANTIUNIFEUTHATANNIING LaziiD
Yy d a A 1 . A 1 . . . s 1A
waﬂm"lmmﬁwﬁﬂsmmmﬁﬁaﬂizﬁmﬂqu amine NAUDIFAIU forebrain LAY hindbrain NWUINY
=) = =) dgl 1 =% o U d’ = = % 1 =S a o
Y31u@ T3 Tnily (serotonin, 5-HT) MnUUeERNisdIAn WonlFoumeuiungualugy ana1uide
=X . A= Y 0 J . P
WU Uv09 Joshi uaz Parle (2006) pAnEITEAUMIIIUYAoU T acetylcholinesterase 311
WiNaAUNUIMYeIaIdolseamytia  acetylcholine  1AgMenaIn13ilonans phenytoin Y1IA
& @ ] 1 Q' [ o 4
12 un/nn. S luryduinsnguaiuan U NTMamuszaUMs Yo u la]
acetylcholinesterase 98 19FAIIU LA YNAUN lATUAITARANTUTVLIA 100 HTD 200 UN./NA. LAZHYN
Y
1] Y] o 4 1 [ v o w
145101 Piracetam w11A 200 uA./AN. Tizaumsiinuveseu lmitianasessFanuuazitvdirny
N19a0A

dyw 1o av A { ' 4 1 o Y a 4
Nﬁﬂ'l‘i‘ﬂﬂa@ﬁuuﬂ’)'l!ﬂui'lﬁlﬂu’)%ﬂmU’JﬁW°U’31Lﬁ@WHLLﬂUl,@g]}'iUﬁ1‘iﬁﬂﬂW‘iiJ3JL!ﬁ$!Lﬂ$ﬂ’)U

a [ I~ A o o Y Y] [l a dg’ [ [
andonu 1Wunan 3 meumnsaymilvszaungaualuauesdiugl T uanilagevunimmyun

v v
% =S A o

1 AN Yo g’ v & J v o A dg‘ dyw 1 Y aa
nguauaud lasummzihnaugaiudaiazate Tashsgauimuiuiidsiinnszauldnannulu
a o 1 [ ' . . 9y Awv o 1 A d?
gl Tunuilavesrymn uazdaeglu physiological range (1INV0YANUIINIT09) TAgMTINNTUYD
4 1 1 F4
ngauail deandssnulszaninwimuiuvesnmsoeneadyanalszamlunszuiumsing
. . =) <3 Fl @ QSJI 1 Y a X
long-term potentiation (LTP) wieouiluldIdnesatansaesielimsina glutamate exocytosis
9 °’|
vsnalarelszamavu (Wang et al., 2005, 2006; Christen et al., 2004) w%@@ﬂqmmumﬁ nitric
. A a a J A ~ = [ . £ 1
oxide NUTNUFULULG ( Saraf et al., 2009) WonlToUMeUNUNAYDIET donepezil FUUBINGY
acetylcholinesterase inhibitor @wnsadnihldine LTP lunyunsu@dednu uaervdiuniena lnau
] A @ . & o Y {o o a
U MINYTZAVVDY acetylcholine HUTUA modulator Ad 1Ay lureasilszemmelugyTuuanila
(Barns et al., 2000)

Y
L4 % a

A = &£ oA 2] A a ! a
niaulavnganii ae easanansuivazulzmeaunsamulsuansesiulugl T

SIS v

[y my o £ = I a A A 1 9 1 .
Llﬂuﬂﬁﬂlﬂx‘lﬁ‘l‘;}uﬂulﬂ@‘(’JN?J‘L!EJ?H ‘EUGﬁﬂl%ﬂiulﬂuﬂiﬂﬂgmTL!“Vllsh'f‘)'.l”lﬁi"lxumzﬂaﬂ‘]_laﬂﬂi]”lﬂ astroglia

o
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v ' Y
Amhnaeenuaumsnaingauuannwaanquiatinazioninagenszuaumaina - LTP lu
a [y ] % A % 1 3 I
g Tupuiladreiuiy (Henneberger et al., 2010) walumsiiyseausesuluavesdnisaiudn
A A ° = A = 1
Famhaulalumsimsdnw ludanse i

o [ dl 1 ld' Yo (% a Q' [ 9 a
dmisumamInaaesinu My lasumsanansulannsamuszaunilugy T

Y/ 9 1 A v o W 1 9 [} =< o 1 = I Ao =
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Abstract

The ability of Bacopa monnieri extract (BME) to affect rat and human cytochrome P450 (CYP)
activities was examined in vitro. The potential for inhibition of CYP1A2, CYP2C, CYP2EI and CYP3A
by BME (1-10,000 pug/mL) was evaluated with pooled rat and human liver microsomes. BME exhibited
minimal capacity to inhibit any CYP enzyme, compare to the reference inhibitors. BME inhibited the O-
deethylation of 7-ethoxyresorufin, a marker substrate for CYP1A2 with IC,, value of 59.4 and
836.1 pg/mL in rat and human liver microsomes, respectively. BME also inhibited tolbutamide
hydroxylation both in rat and human microsomes with IC,; value of 222.1 and 297.6 ug/mL , respectively
but did not affect rat and human CYP2E1. BME was found to be a weak inhibitor of CYP3A in rat and
human liver microsomes with IC,, value of 321.9 and 481.8 ug/mL, respectively.

The potential for induction of CYP activity was evaluated by exposing primary cultured of rat
hepatocytes to BME (0.045-0.45 ug/mL). Enzymatic activities were performed by the direct incubation of
hepatocyte monolayers with the specific substrates of each CYP. The mean activities and expression of
CYP1A2, CYP2C and CYP3A from BME-treated hepatocytes were slightly higher than those in the
solvent-treated controls but were less than those produced by reference inducers of these enzymes. In
summary, BME has been demonstrated in vitro to be a low potent of CYP1A2, CYP2C, CYP2E1 and
CYP3A both in rat and human liver microsomes and a modest inducer of CYP in vitro in rat hepatocytes.
Due to the relatively low degree of alteration of the enzyme activities in vitro and to the concentrations of
BME required to obtain appreciable effects, a high incidence of clinically significant interactions would
not be expected. However, these in vitro results are being used in evaluation of clinical reports of apparent
herb-drug interaction and in the design of subsequent studies targeted at further elucidation of the clinical

relevance, if any, of those in vitro findings.
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BME Bacopa monnieri Extract

cDNA Complementary Deoxyribonucleic Acid

CYP Cytochrome P450

Ct Cycle Threshold

DMEM Dulbecco’s Modified Eagle Medium

DMSO Dimethylsulfoxide

EROD Ethoxyresorufin-O-Deethylase

HEPES N-[2-hydroxyethyl]piperazine-N’-[2-ethanesulfonic acid]
HMM Hepatocyte Maintenance Medium

HPLC High Performance Liquid Chromatography

ITS Insulin Transferrin Selenium Supplement Premix
LLOQ Lower Limit of Quantification

mRNA Messenger Ribonucleic Acid

MTT 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
ND Not Done

NR Not Reported

OD Optical Density

PBS Phosphate Buffered Saline

PB Phenobarbital

PC Positive Control

PCR Polymerase Chain Reaction

TRIS Tris(hydroxymethyl)-Aminomethane

S.D. Standard Deviation
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G]'N“] (0-8000 pg/mL) w%mié’ugﬂmmgm ( Reference inhibitor) 1 a-naphthoflavone (CYP1A2
inhibitor), sulfaphenazole (CYP2C inhibitor), disulfiram (CYP2E inhibitor), L8 ketoconazole (CYP3A
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* ¢ *

Addition of bacopa, positive control compounds or DMSO only
O  Morphological observations

€ Determination of cell viability
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Determination of CYP mRNA expression

x - 0O =

Determination of CYP activities on hepatocyte monolayers
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v Y
M1 4-2 udaea IC,, vosmsanansuiayansdudunasguaemsiiauveseu ladlesla Tasy

P450 Tu'luTns Tawwnyuazuyud

IC,, (ng/mL)
CYP isoform Reaction Inhibitor
Rat microsomes | Human microsome

BME 59.4 836.1
CYPIA EROD

O-naphthoflavone 23 626.3

BME 222.1 297.6
CYP2C TolOH

sulfaphenazole 31.4 4.4

BME >5000 >5000
CYP2E PNPOH

disulfiram 299.5 29.6

BME 321.9 481.8
CYP3A TestoOH

ketoconazole 15.4 2.1

BME = a5dnansui (Crude extract of Bacopa monnieri )
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> d " v
WAYRIAIANANINA (Crude extract of Bhrami) aonsuiluiivaaiyadfunywiziaes (rat

hepatocytes culture)

(A) (B)

51 4-4 nEAInMBIAARUNY control (A) tAZH treated AIvATARANTUT 0.45 pg/mL (0.5

)

uM) Masuee 100 1911 (B)

120 10 -
T :
2100 = 120 1 &
E LR ] % . . 3 |"
23 o . po101 § 4
_§ o |M == é
;: ‘0 e i: 80 4 . R .. *24h
3¢ " " 3 . widn
. e
iz ool s 38 907 . 2
3w : £
$ *3 404 e
. : ]
y \ 20 1 et
0 " . " . . ' | | |
: ' BROLOO (M) o - 0.00001 0.001 01 10 1000
Bacopa (uM)

a ' L S & v o a Y v
ﬁﬂﬂ 4-5 LAAIANT % cell V1ab111ty (lu!,“])'aamllﬁtlé (Il=2) N treated AWFITANANTUN (ANUUNUY

Y

AU 0-100 LM 130 0-90 pg/mL) 0 24, 48 Lag 7242119
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100 -

70 -
60 -
50 -
40 -
30 -
20
10 -
0 T . T 1

Control Bacopa 0,05 pM Bacopa 0,25 pM Bacopa 0,5 pM

Total Protein Concentration
(% of control)

517 4-6 uaraaASosazYBIANNIANTUUDI protein 910 rat hepatocytes TUNGUNAADIN treat 320

L'l

BME (0.05-0.5 uM) tilotfisufiunguaiugy

naramsnageuanuiuivvesasaiadosaddunywunatansi finndudu 1 um
0.9 pg/mL) lisianuiuiyaesadduaaaIn % cell viability *ﬁqth 90% (gﬂﬁ 4-5) 3IAUMST
Fana cell morphology AT 0.5 uM (0.45 pg/mL) (gﬂﬁ 4-4) az lununavesaseananI Ul
aennuAnlnddemaddufinududugina1n saudemnnusuduues protein 990 rat hepatocytes
lungunaaodii treat §98 BME (0.05-0.5 uM) Tiannnndt 75% ieifieusunguaiugu (Ui 4-6) 34
aunsaagl @ hmsnadeunavesdsasansuiin 3 anudududon 0.05 uM (low), 025 uM
(middle) 148 0.5 uM (high) REVIIIANUTUTY 0.045 pg/ml, 0.225 pg/ml 1aE 0.45 pg/ml VBATANA

NIUL

Y o Jd o 2
Nﬁﬂl@)ﬁﬁ]iﬁﬂﬂ‘ﬂiuﬁ (Crude extract of Bhrami) ﬂ"(’]ﬂ”li‘ﬂ]\‘l”lu‘ll@\‘l CYPs ‘lmmaaﬂmﬁgmwaﬁm (rat

hepatocytes culture)

Naﬂjﬂﬂﬁﬁmﬁﬂ’Jﬂ”IMMijlu (reference inducers) ﬁﬂllﬁﬂﬂumﬁﬂﬁ 3-4 “Wll’ij-naphthoﬂavone
(50 uM) dnsamienimsiiauveseulsl cypia2 1&iRund 26.5-44.4 1h deandostuns
LAA99ATBY MRNA CYPIA2 HANALINANT 83.1-282.4 11 IFUiAOIRY dexamethasone (50 uM) 7
aunsamisniimstiauves cypsa 18 1535 muflsufunduaiuaususumsudaesnves
mRNA CYP3A Tiiui 2.5-24.3 111 waves BME densiavesenlanl CypiA2 wuhiinade
mamauvesewlaieglugae -3.0 51 2.9 whifsuiunguatugu Tasfimsuaaseenyes mRNA

nasuutlaudnmiessening 1.189 1.3 M1 wade CYP3A activity BME NU11a61 (0.05 uM) 1182101
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o ~ I Y 1 A A dg’ 2 o LS 1
MIMANUNeantay (1.3 1) BME Glusllu']ﬂVILWNGUHNWaaﬂﬂ’]ﬁ‘ﬂ’lﬂ’luﬂlﬂﬂmullclﬁJﬂQﬂaTJ

1L.1-1.4 1 Tuaginanaaioonued mRNA CYP3A aaadizriiIN 1.4-27.5 i1 lasal BME lna

= [~ v A ) 4 A = = o A )
LWﬂ\uaﬂuﬂﬂﬂ@ﬂ'ﬁ!ﬂaﬂu&lﬂa\iﬂqﬁﬂ']\?']usll@\uﬂullﬁﬁll CYP !JJ@LﬂifJ‘UW]fJ‘]JﬂTJﬁ’]ﬁLﬁusJ')u’]iJ’lﬁﬁ:ﬁ;’]u

(319N 4-3 D49 4-4)

M3199 4-3 UAAIANTIUIUMIVEY CYP activity YOUTAAN treat AIvAITANANTUALAL TN T8

WATTIUNIVAUNGUAILAY

Treatment CYP1A2 CYP3A
Ratl Rat2 Ratl Rat2
Control 1.0 1.0 1.0 1.0
BME 0.05uM 2.0 -3.0 1.3 1.0
BME 0.25uM 2.9 -1.7 -1.1 1.0
BME 0.5uM 1.6 -1.4 -1.4 -1.2
[B-naphthoflavone (50 pM) 44.4 26.5 - -
Dexamethasone (50uM) - - 3.5 1.5

" 1 o 1 A @ a
ﬂ“liN‘ﬁ 4-4 LLFAINIITUIUNMUDINITHAAIDDNUVDI mRNA CYP eummfaaﬁ treat @a]”JEJ’ﬁﬁﬁﬂﬂWiﬂJiJ

taza s HeNIINAITINEUAUNGUAILAY

CYPI1A2 CYP2C CYP3A
Treatment

Ratl Rat2 Ratl Rat2 Ratl Rat2

Control 1.0 1.0 1.0 1.0 1.0 1.0

BME 0.05uM -1.3 -1.1 -1.1 1.0 -1.4 -3.8
BME 0.25uM -1.3 1.3 -1.2 1.0 -1.0 -5.9
BME 0.5uM -1.1 1.3 -1.2 -1.2 -1.2 -27.5

-naphthoflavone (50uM) 83.1 282.4 - - - -
Dexamethasone (50puM) - - 1.1 1.5 24.3 2.5
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UN 4

asiwamsIdenazviauonus

Y o

Y
AnzIve A mMsAnEINaves BME sonua1niselumsdudanisiiauues CYPIA, 2C,
@ . A A A A I .
2E uaz 3A TuluTasTeunyuazuyud, CYP isoform martignideniiedny iieeaimiu  isoform
o Ao Y A a A A Y .. .. =
waﬂﬂmwu1m1uﬂmﬂaauuﬂmmm@mimummqinma ( xenobiotic metabolizine enzyme) Lagy
I k4

dadausaiuiunidosaz 70 veslSunaniiognavualudy (Ortiz de Montellano A, 1995)"° N3

o = o o ' A . Y
MaMY03 CYPIA2 uay CYP2El Nanwdianyluwdmsndsuuilasans procarcinogen 1wty

@ 1 1 1 I

carcinogen (Gonzalez 48 Gelboin .61, 1994)17 gNAIDYNNUTFU benzo [a] pyrene 1wasuily benzo [a]

o o v o 1 I
pyrene-7, 8-dihydrodiol 9, 10 epoxide 1a801fs CYP1A hl#lanuannsnduiu DNA i ldgmailu

1 < 9 1 q’w :JI 1 [ qs;l
a1snenzi591a luwamsnaaoanndn BME Jgnsduds cYP1a2 edrseunalulululas Tsuwyuay

P
Jou o ~

< g . . N Y o o ' =
UUHIAIHUU BME E]’ﬁ]lli]m‘ﬁlﬂu anticarcinogen Sluni{]&lflhl@ T]\?ﬁ BME fJ\ﬁdJﬂ']jﬁ’]ﬂ\cl’luWU'J’luﬁﬂ\‘lﬂﬂ‘ﬁ

q

I . . Y
12)Y antioxidant A2 '

o 9 v o

1< 1 ) { A '
CYP3A 11unqu enzyme dirayinoadesnumsiatseminniniosas 55 vesonlusiosnaia
S o o o
(Ortiz de Montellano 1995) ' ketoconazole Fuiluasdudsmasgiuveuou laidl naasnnuauso
@ ;’f Y 4 A 1T W
Tunsdues enzyme TAveaauysal Taslian 1C,, i 15.4 uaz 2.1 pg/mL TuluIns Teuryuaz lu
J [ I ' = o :JI dyd'l 1 4
wybd 8619150AW WU BME HgnFduda enzyme e IC,, Aoudege naziiioadls CYP3A 1
a Y d' v 9 a qg/l Y LY 3 =2 Y =1
Ysmannludu (masunnidesas 45 veelsina CYP nanualudy) duiudanedsllai1 BME i
A =\ o qu o o"dy an
wun Tudesunneziinadudamsimanuvewsu luiti lunendiln
4 k4 [
UONNHUTINDI BME amn5nduds CYP2C s IC,, 221.1 1ag 297.6 pg/mL TuluTas Taw
PRI = Yy v A P} A o v (a ~ o q ¥
WyLazuYBo Ao 1 e anududuiineuieguilomounulum BME  #uuziinli
o Voo & 1 o A Aa o 1w I 9}4‘ a o aa @ A
Sudsemudeiuganminy 300-600 Jaansuaedu anudulllan BME zifaduasnsenuei
1 1 < [ i Y] 1 o ]
metabolize MU CYP2C 34iitiow 9614 15na1u A23523ems 1% BME sausueiiiaieniu CYP2C wa
] [ [ {1 qul YA 1 I 1 Aa a
Haeanuasafslumssnufseudnaay stiieTdms Idevesdihedlu lodndilszansam
4
o @ 1 [ o t(
nazlinnuiaeansgege  Nnravesmsananemssugimsiauveseu ladlululas Taunyuas
d v I 1 R R 9 A =1 [ [ 09// 1 [
wypdaaauilum 1C,, FNmMnApuINgIlaMsufuaMsdudunasgiu ( IC,, ¥ANI 10 W)
Y 3 1A Y A o a a 1 ya o aa o v A
vaaldmuniTematiosnarsanansuiluvinalnaszne liAaduasnssnuemmnuilogiiug
[ d v 1 A A [ 1
oraou ladaenanlumsnasunauiensvineesninitene
Tuimsnageuanuansovesasanansuilumsmieniimshauues CYP nadou
k4 Y
Tael¥ rat hepatocyte culture Tagvn@eaniy 3 4 1miniamsmhnuLasmMsuan®envod mRNA

9 9 v ]
CYP  1MeUAUNguAIUAN MINa5H T Ias FIUHaAINan M ieni10g 193 U191 9940
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{ A 4 1 Y ' <}
enzyme activity 11AZMIFUAAIDONUDI mRNA CYP inIuamsenuneuntil” og1elsnauma
Y] a o 4 { [
YoImsndansuiaemsinuveson sl CYP nazmInaaioonvyed mRNA CYP ilasuuasly
] [ 9
nniniefeunuasmiieninnnsgu laeagludrasanansud UWAIUFINMININUYDI

CYPIA2, CYP2C, CYP2E! taz CYP3A ladTasginal IC,, liaaoudnsganas lulinalumiioni
o d v y % 1 a 1
MIUAAIDONUAZMINIUYDI CYP Tumadalmizieaony wasenandeamnsnlsediulaid
4 @ a a 1 a o an [ @ { [ 4
Tomatesnarsatansuiluvualnasgneliinaduasniedusumuilegiufedeonu Tl

gananlumsnldasunilaunensvineonaniene
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MANUHIN N

M3tuuen microsomes 91NAD
=) . . Qy o 9 A o ~ I
584 liver subcellular fraction mﬂGvuﬂﬂﬂﬂhmﬂuﬂﬂmmmmmmqq (Ultra-
. . Y Qy o 9 . z ) o Qy v Y A
centrifugation) ANFUAUAIY Normal saline NNUUIMstuFuaualunsesua luaisazaie
. Y ) y 4 { < !
homogenizing buffer Iagl¥a1sazats 3 mL aedy 1 g 1 lUdumIesnnnusy 9,000 ¢ A 4 aem
~ A g 1 A A o Y = A < =
waded wiu 20 Wi nudwiduaisazanaiieni lyusessdenausy 100,000 g 4 o9
o o 2 A
wasea WM 1 51999114 microsomal pellets 91n1iuazangluaIsazas sucrose (0.5 M) (AUMN
9
gl -80 eIrusarFed W11/ T15AUNIUeY  rat liver microsomes 8% pool human liver
microsomes 1081435v04 Pierce (MeuTuaiTIsAUA bovine serum albumin NANMAUTY 0.1-2

mg/mL 1l Sasimsganaunasdl 595 urTuwas @201A509 Spectrophotometer

AN (mg/mL) ﬁmﬁgﬂﬂﬁuummﬁﬂ (n=2)
0 0.073
0.1 0.147
0.2 0.208
0.3 0.265
0.4 0.308
0.5 0.368
! 0.609
2 1.173
1.400
1.200 - y= f;fifigxg gscgom
1.000
0.800
0.600
0.400
0.200
0.000 , . |
0 0.5 1 15 2 25
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msTamamauveusulrilalnlasy Paso Tudy

MmsIamaiauvesoulsl s Ialasy P450 (isoform 1A, 2C, 2E uag 3A) W rat liver
microsomes (11 pool human liver microsomes Tag incubate 5'334ﬁ"uﬁﬁaﬁ@wmﬁﬁmmg%’u%’udnq
{foufy control (Auawizansazawiildlumsazain crude extract Yoawsud) matiamsinTeg

=
s1vaz10ea lumanun U.)
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HNNARUIN U

a d o d
ﬂ‘liglﬂﬁ‘lzﬂﬂ‘li‘n‘lq‘lumi’)@l@‘lﬂmu

Cytochrome P450 Tudu

CYP1A2 Ethoxyresorufin O-deethylase (EROD)
1 Y I 1 v '
Burke Hazamy (Un.A. 1985) uaaalviimiudl oyWusueda1s  alkylphenoxazone %Y 7-
I ng { o o Aa o o I 1
ethoxyresorufin 1Huansfadundumzzeaiylelalasy 450 1A ldwansaeiiily resorufin 9
a o a 9 an . . = a [ o’dy [ A
amnsninzinliun ldTasase 1ae% Fluorimetric FasHannmuatiam1509atUAAUAINE
uerad 530 W TUIWAT 1AZNTTYLAINAINGIIATUFINT AD 580 U1 TUINAT

UfATeMsnlasu 7-ethoxyresorufin Tao 1o TaTnsu P450 1A 1anaadasiiiu resorufin muLaas

OCH, oH
0 o
OS] )
—_—
Pas0la
Y Y
ethoxyresorufin resorudin

=

a151AU (Reagents)
0.1M Tris buffer pH 7.8 (in water bath at 37°C)
0.53mM 7-Ethoxyresorufin (253ug/2mL DMSO)
50uM NADPH (41.7mg/mL)
0.1mM Resorufin

A A
1N399UD (Instrument)
Multilabel plate reader @¥o Perkin Elmer f.j:u Enspire
aa
ABMINAaD (Method)

1 F4
w3enaIsazareniaunauadne 1T (US1as ae 1 well plate)
100 Jaa 1ua tris buffer, pH 7.6 65 luTnsans
Liver microsome (AMMITUAY 2 iadnsuaeiianans) 10 lulnsans
7-Ethoxyresorufin (ANUANYY 130 TulasTua) 5 luTnsans
A 9 ‘]J aaa

k4
suduilgnsenlasmsianaisazale NADPH anududu 10 dadTua 910y incubate 1u

]
a =

aan a [
shake incubator NQMuAN 37 ovruaaiFod Wi 10 WIH ngAHRTe1AIeNTIAN  Methanol 131N

U

Ysmes 50 lulnsdas daAinsganaunasf Excitation wavelength 530 W11wNAT 1Az Emission
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wavelength 580 W1 Tumas wilSum  resorufin 91 lAnnUfasenieunudunsvlunasgiu il
v F4
Muannuasolumsasuansdsduves lulalasy  P450 1A2 (enzyme activity) Tumiie
[ 4
pmol/min/mg protein 13 sUIiouTzMINNgUAILANN LRGN Tanana 1 nSe a1sfudunasgu

(reference inhibitor)

CYP2C Tolbutamide hydroxylase

177361 Tolbutamide Hydroxylation Humsiamsiauves lalalasy P4so 2¢ 8199301

75M5U04 Relling’ 1azAME (ALA. 1990) AIAUNT

0
,CH 0 ‘
CH
o >‘—"J >_N t
« _N 8]
S! —safi- “-N
o CYP2CS Ss
(o}
HC HOH,C
tolbutamide : hydroxymothy
tolbutamide

4
) . . . A a o @ v 9 .
N1N19 incubate liver microsome (0.2 maﬂiﬂﬂiﬁu) AUE1TAIAU D Tolbutamide AN
Yy 9 a A H ' Aa
WY 250 Uaalua luaisazats Phosphate buffer pH 7.4 91 MgCl, ey EDTA od 1511033593
a A 9 aaa Y a a . d' =1
200 TuTnsaes GuAunsendiemsiay NADPH 25 luTasaas incubate i 37 oaAusarfod WU
= aaa a .. 13 a = y ~ ~
30 Wi vigalPnsenTaeiay  Acetonitrile umau 125 Tulnsaas anaznouTisduTasmsilumien
< 1 = ~ :’l o (% a .
AVISIFI 8000 59UADUIN WU 5 Wi Mnuihensazareld Javnl5unm 4-hydroxy Tolbutamide
~ o Y o A Y L. a
MeUAUEUNIIMINATTIU AUIUMIANUTINTOVDINTFGUAITAIAY  (enzyme  activity) 1aoil

vt pmol/min/mg protein

CYP2E1 p-nitrophenol hydroxylase
m3damsiinuveuonled Cytochrome P450 2E1 hldTasianinlfiTe1 Hydroxylation
9

YBIATAIAY AD para-nitrophenol Tageforon Tl Cytochrome 2E1 lu@y ag co-factors i NADPH

a [ 4 @
(Nicotinamide Adenine Dinucleotide Phosphate reduced form) hlﬁ?]) NANADN AD 4 — nitrocatechol ANLLTAY

OH OH
OH
P450TIEL
_—
{alcohol mduced)
NG, NO,,
p-nitrophenal 4-nitrocatechol
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waRS a4 ( 4-nitrocatechol) Tugnmzensazmeuc aunsatanmsganauuea e
mmt’Jnﬂﬁ'u 536 uﬂumm
GAEIGEY (Reagents)
0.2M Potassium phosphate buffer, pH 6.8
ImM Ascorbate (17.6mg/100mL)
1mM p-nitrophenol (13.9mg/100mL)
0.5mM nitrocatechol (7.8mg/100mL)
10mM NADPH (8mg/ml in 1% NaHCO,)
10M NaOH

0.6N ice-cold perchloric acid

IBMINAA0I (Method)
aaa . . 9 a a . .

1§38 Hydroxylation Y84 p-nitrophenol 81999A1IATY0I Allis 11ag Robinson (1ln.A. 1994)°

Tasnldeuniasueneazioen @1502a18819391U (Standard solution) AL E1TAZANYAIDY ( Sample
. o . Yy 9 4 I ]
solutions) 11N13NAADI U potassium phosphate buffer AMAUVNUU 0.2 Tuas anutlunsa-ag 6.8,
3 9 . . . Yy 9 a a 4 3 )
139U p-nitrophenol UAE ascorbic acid ANWVNUU 1 Hadluas Taenaruaddsuassm
1 iaaans guansazayly water bath NQauvigil 37 eerraiea UIY 3 WIN 3IUAY liver microsomal
qul a a A s A A
protein ANMIYNYY 2 mg/mL MNTUANEITAZA1 NADPH anududu 10 Jaaluans iieisudu
aan a ~ aaa a 1
U n38111 water bath gaIMQN 37 BIrsaEed W1 30 1IN HyAlPNIen TagAuNTA perchloric LMEY
A Yy 9 4 a a aa ~ =\ qul
AauAndy 0.6 Tuars ludsuia 0.5 iadans nanensa dvesarsazateazvine 11l viniiu
= A Py ~ ~ 1 A = Aa aa

anaznau lilsaulagnsoilumIssn 3000 soudoun unar 10 Wi gaasazagla 1 aaans
a Y 9 J 1a Aa aa Y] A ~ =\
ANENTAza18 NaOH 13U 10 Tuaans U3uas 0.1 Haaans Jamsganauuadn 536 w1 lumas ey
Y o .. 13
AUTITASAIYUINTIIUUDY  4-nitrocatechol ATUIMU  enzyme activity ierasnuilu pmol VDY

4-nitrocatechol ADUINADNAAN5TY microsomal protein (pmol/mg/min) Ascorbate ﬁ@uaﬂuﬂﬁﬁ?msﬁa

Hoariulaild p-nitrophenol naguily quinine
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4-nitrocatechol (pmol/tube) ﬁ]ﬂﬁ@ﬂﬂamm’ OGT) (n=2)
50 0.3633
25 0.2086
10 0.1078
5 0.0758
2.5 0.0536
0 0.0386
0.4
y =0.0065x +0.041
0.35 1 R? = 0.9992
0.3 A
0.25 -
0.2 A
0.15 A
0.1 4
0.05 ¢
o T T T T T
0 10 20 30 40 50 60

4-nitrocatechol (pmol/tube)

CYP3A testosterone 6'3-hydr0xylase assay
A5 Testosterone 6 [3 — Hydroxylation iiunsianissamves lalalnsy P4s0 3A 81984

AMIBTNI5VON Pearce LazANL’ (A.71. 1996) AU

(.”()ll (‘IIOH

CH. CH:

_>
0 CYP3A4 0

OH

testosterone 6B-hydroxytestosterone

v
N11N15 incubate liver microsome (0.2 uaaﬂz‘fﬂﬂsau) AUAITAIAY AD  Testosterone AN
iWudu 250 adlua ludisazate Phosphate buffer pH 7.4 i1 MgCl, az EDTA o4 U511a5590
a A 9 aaa 9 a a . A =~
200 ullliﬂiﬁ@]ﬁ !,imluﬂ;]ﬂimmﬂmimu NADPH 25 ”lﬂmam incubate N1 37 DIAUYAUVIT U1

= aaa a .. 13 a = y = =
8 wil vigadfnsenlaoAn  Acetonitrile umdu 125 Tulnsaas anaznouTusaulasmsdumieh
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A5 8000 sRUABUIT U 5 W1d nlnhasazaneld Janl5ua 6- hydroxyTestosterone
= Y] 9 o = c?/’ 9 .. =
WlfJ‘Uﬂ‘ULﬁUﬂiﬁl\hJ"lﬂijj'lu AMUIUMANUETDVeIMTIATUFITAIAY (enzyme activity) IﬂfﬁJ

nienily pmol/min/mg protein
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M3191 4-5 LAAIRIDENHAMINATOVITNIAATIZH (method validation) TaalHinTee HPLC (High

Performance Liquid Chromatography) Tumsfamsaruveaeu Lo ls TaTasy P4s0 3A

Accuracy and precision study of 6B-testosterone hydroxylase assay

Calculated amount’ Accuracy (%) Precision (%)d
Intra-day (n=4)
Calibration standards’
75 67.13+5.83 -10.49 8.68
150 137.70+13.65 -8.20 9.92
300 311.50+14.73 3.83 4.73
600 548.65+26.00 -8.56 4.74
1500 1526.86+36.34 1.79 2.38
3000 2974.40+76.52 -0.85 2.57
Quality control samples"
200 207.954+24.62 3.98 11.84
500 523.55432.72 4.71 6.25
2000 2065.21+£58.91 3.26 2.85
Inter-day (n=4)
Calibration standards’
75 72.99+8.34 -2.67 11.43
150 143.35+12.23 -4.43 8.53
300 320.37+28.69 6.79 8.95
600 556.39+24.27 -7.27 4.36
1500 1490.35+35.65 -0.64 2.39
3000 3019.82+15.08 0.66 0.50

Tasamseoen 4

4-25



M13199 4-5 (919)

Calculated amount’ Accuracy (%) Precision (%)d
Quality control samples
200 188.33+18.51 -5.83 9.83
500 493.29+£27.94 -1.34 5.66
2000 2005.61+41.06 0.28 2.05

a Amounts of 6[3-hydroxytestosterone added per 0.5 ml sample in pmol.

b Mean+SD in pmol.
¢ Defined as: [(measured conc.-target conc.) / target conc.]x100%.

d Assessed by expressing the standard deviation of the measurement as a percentage of the mean value.
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a d o d
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Jd v 2
Twsasdunziass (Primary hepatocyte culture)
a o aa @ a J o d"
ﬂ13ﬂﬂﬁ@‘ﬂﬂ1ﬂﬂﬂ@uﬂﬁﬂ3fJ"IﬂJfJ\iﬁ"liﬁﬂﬂWﬁJiJslulcﬁaaﬂ‘ULWWzLaEN"UENﬁH‘]
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- PDslENEyaaalyllazinigiagalyan
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o [V 4 . @ d 1w =\ v o
MmsaueIdauryIaenus Wistar tmed 01g 8 dilansd rdaiieidaniiiies anium
4
A3 cannulate WU hepatic vein 11113 clamp NU pump perfusion buffer (ﬂi%ﬂ’ﬂ’ugfﬁﬁl EGTA, NaCl,
1 < a aa 1 a o @ .
KCI, Na,HPO,, HEPES) #1 1111152 20 Jadansaoui vsizilla pump on Mimsdaiduiaen superior
A g9 A0 o & 7 v @ A
vena cava maiwmmzmwmumu"lwaaaﬂ nnduuenyaa laglgms perfuse Lau"lcm collagenase
4 [ ]
37 BerniralEes WU 20 WA daTuduidosdInienss Ins yealeansazals HBSS 1msnseaiie
[ ) P Iy
AALUNIMIIE hepatocyte suspension AIBATLATIVUIA 400-500, tiag 100 luaseu vusadn ladu
A A < ~ A Jou A Jou Y .
HIBINANIGTI 100 g, 25 OIANTALTE INDOANALNDUHFAAAL 190 1NFAAAUAIY Williams’E culture
medium NNAIUNAUVDY fetal calf serum 10%, insulin 4 ]llliﬂﬁﬂgmﬁﬂﬁaaaﬁi, dexamethasone
a 1 A Aaa o 1 a Aaa Y
1 luTasTua uaz Penicilling 100 gilasioiiaaans Streptomyan 100 TuInsnsuaoiiaaans Hwaday
§ouda0 tryptan blue tWOWLTIUIU M1 % viability Tas@Aealin131nNI1 80% 81 % viability oana
o dou A Y  a A ) Y o A A
80% NINMISUENIFAAAUNAGD0N (JOUAAT tryptan blue) Tagls1u 90% Percoll tailumlosn 50 g
A o d o A p, g ¢
w20 Wi usaadaunyuen 14 lmgi@eslu collagen-coat plate Y119 24 ¥iguaaz 500,000 aa
] o < v 4 i o
ionageumsiinuveweu lui CYPs wazimzi@eslu plate vu1a 6 vquaaz 1.5 A1uwad tiola
[ 9
° . a 1Y
MIUAAIDONYDY CYPs mRNA 11 plate 1919 incubator NAIUANAMNFUIEUSINMIOINMARDMY
o S 1w 1 o o ) A Y IR o I
msvou laoon leaniny 95% ao 5% Awd1au wu 4 1 1u e ldaadameny plate Wuuny

2 FE » 2 g .
FUIAYI (monolayer culture) IMNWUIAGUATDBUYD Williams’E culture medium (Huunn' i fetal

calf serum 1A8aA1Su1 dexamethasone L‘Viﬁ@ 0.1 uliJIﬂiTﬂJa
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A B A 1 37°C water bath
B : perfusion solution
C': peristalticpump
D : cannulation

11 freshly rat hepatocytes finen'l@ldasly plate ¥iu1a 96 wqmﬁaﬁmwﬁ@ﬂizzﬁummgﬂu
fiudemaguesasafansuil (Cytotoxicity assay) AANUITUTUAIA 0-100 uM 130 0-90 pg/mL U
72 $2Tue ahmstuad i (cellular viability) Iag25 MTT test lagtane1sazaly MTT
10fiadnsuseiiaaans 10 lulnsaasaenau incubate 1 37 evrnisarFoaunn 3 $2Tua H1m3ns plate
iiefhsaaisazats MTT i@iu DMSO 100 lulasdasaenqu weuwe thlufammsganauudsii

59511 THINAT ABIATOS Spectrophotometer A1UIMUN % cell viability ANGAT

% Viability = 0D of test compound treated cells — OD blank x 100

oD of control treated cells

o [ aa o 4
MmInaaeuravesansanansulnomsiauveaon las cytochrome P450 Tasnisazane
arsanansui s smienimiasgu (- posiive CYP  inducers) 14U B-naphthoflaven
g g eqqe . yAa a [ )
(50 TuTnsn31) dexamethasone (50 1 1a5n5Y) a9y Williams’E culture medium Iag1#uaSuaidaii

v Y Y v
aza10 dimethylsulfoxide 11101 0.1% imslasumsi@eadonniuauasy 3 u (72 ¥21u9)
[ o 4
- mydamsihanuvesen lasd

9 ]
o . 2 ' aan o o t4 '
N incubate d1309AU lutAazlfnsen e iamsiiuveseulad CYP 15U testosterone
) @ . ) @ o @ I
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4 9 ]
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[ 4
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medium 1 37 paruEAFOT U 30-60 W HAMAURNToN HIMIHgAUHATe1 TAeNTIAY  Methanol
13 3 1 y = A a = agj 0
uFen 910150 gardauvesasazae liilumdedn 1500 g 4 eermuwaiBod Wiu 5 WA 1IN

1 a L4 a a o 4 { aaa
dauensazanela linszdmlSuunaasual (metabolite) 1 1A91n1RAT61 amnianuan
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- MIIAMIUAAIDDNUDI CYP mRNA Iag RT-PCR

a3 incubate txaauIU 72 $2 114 aeesadaniemsmilonimiasgiu lu plate vua
o [ L&Y . a a 1 o o

6 vigu Mimsdeuaaaualeaiayas  trizol U 500 lulnsansaevqu shmsanauen  total

RNA 1a23a1/5118 RNA Tag3%  Spectrophotometry 91 260 w1 Tumasuay 280 W1 lwuas inmg

o 4 o A o 1

Fun3129 cDNA Taeld total RNA 1 1uTasnSW uaz iScript kit (UHN Biorad) 71 42 s usalfed

wiw 30w 19 DNA 5 luTasanslulfiTe real-time PCR amplification Inelda1sazals SYBR
Aa o @ 1 d" 091’ ~ a =} )

Green kit (USHM Biorad) a4 11sunsuae Ul ¥unou denature 1 95 apusaiFod w1 3 w1 wazii

9 Y v
PCR 91984 40 50U (denature 95 93fUFALTFId 10 IU, annealing N 58 o9 UaIFE 1 WIN) MINT

v Y
ANUNINUYDI PCR product Tag monitor N fusion step Glumuﬁuc;fwﬂgmm rat sense LT reverse

primers AL A

5 -GACCAGGAACTATGGGGTGATCC-3
5 -CTCCAG TCGGCCAATGGTCT-3 rat CYP1A2
5 -AATCATTGGAAACACCCTTCAGA-3
5 -AAGGGCTTCATGCCCAAATACS3 rat CYP2CI11
5 -GGGACTACCTCCATTTGTTTCTGG-3
5 -CCCCTGGGGATTTTTAAAGAAGTG-3 rat CYP3Al
5 -TATCGGCAATGAGCGGTTCC-3
5 -GCCTGGGTACATGGTGGTG-3 rat actin
FAMIUAAI®ONYDY mRNA CYPs 1agga1 Ct (cycle threshold) W18DSIMIUTOUUDING
FunsziiemldannsoSadyana fuorescent 18 e ct iffumassiudwiudSe nucteic acid
Tud0619 (afu M1 Ct &1 w5 nucleic acid Tude819A194). A1 Ct Y94 housekeeping genes
(Mﬁf‘:@l%’ actin) 19151 positive control tiie3A1SHIA PCR. M1 Fold change fMuImInINa1 Ct NG

treatment cell IRBUNUNGUAILAN (Control) LAAIAIGAT 1A8AT E A0 efficiency ¥09 gPCR

o (E“r;n'} ACTtarget|control-sample)

- (Eﬂ. "} ACTact[control-sample)
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Abstract

Brahmi (Bacopa monnieri (L.) Wettst. Scrophulareaceae family) is used in Ayurvedic medicine
for long times, especially for memory enhancement and neuropretective effect. Its pharmacological effects
and chemical constituents i.e. jujubogenin and pseudojujubogenin saponin glycosides have been studied

extensively. However, up to now, no metabolism study of these compounds is available.

In this experiment, we studied on the metabolism of Bacopaside I, one of pseudojujubogenin type
glycosides, in wistar rats after oral and intravenous administration at the dose of 10 mg/kg body weight.
An immunoassay technique, ‘on-membrane analysis”; was used to analyze for Bacopaside I and its

metabolites in urine and feces samples collected after dosing at 12, 24, 36 and 48 h.

From rats taking bacopaside I orally, Bacopaside I was found only in feces while this compound
could be detected in both urine and feces samples from rats taking intravenous administration. In addition,
the results from quantitative analysis of Bacopaside I in the samples showed that amount of Bacopaside |
did not depend on time. Higher level of Bacopaside I was detected in feces samples after oral
administration comparing to intravenous administration. In addition, on membrane analysis showed that
there was an unknown compound with the related structure to Bacopaside I in feces sample collected from

rat after oral administration.
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Mass spectrometry conditions
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3 mg/ml I8g chromatogram U®N fraction 14

HPLC Chromatogram ﬁ”lﬁ’mﬂmﬁmiwﬁ enriched saponin extract ﬁﬂ’ﬂmsﬁji\leﬁju
3 mg/ml lag chromatogram U®Y fraction 15-17

LC/MS/MS 4914 fraction 15-17 13 Bacopaside I L&A peak“ﬁ 19.3 U1%
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AeBinadyanual nazide

LOQ Limit of quantification
LOD Limit of detection

v Coefficient of determination or correlation
SD Standard deviation

°c Degree celcius

ng Nanogram

mg Milligram

ug Microgram

kg Kilogram

ml Milliliter

pl Microliter

PES Polyehtersulphone

PBS Phosphate buffer solution
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Jujubogenins

Jujubogenins

Bacoside A,

Bacopasaponin X

Pseudojujubogenins

Bacopasaponin C

Bacopaside I

Bacopaside II

v
=

Pseudojujubogenins

R

OL-L-arabinofuranosyl(1 > 2)-[ B-D-glucopyranosyl-( 123 )] -B-D- glucopyranosyl

OL-L-arabinofuranosyl(1 > 2)-[ B-D-glucopyranosyl-( 123 )]-OL-L-arabinopyranosyl

R

OL-L-arabinofuranosyl(1 > 2)-[B-D-glucopyranosyl-(1 > 3)]-OL-L-arabinopyranosyl
OL-L-arabinofuranosyl(1 - 2)-[6-O-su1f0ny1-B-D-glucopyranosyl-(1 - 3)]-OL-L-
arabinopyranosyl

OL-L-arabinofuranosyl(1 > 2)-[B-D-glucopyranosyl-(1 > 3)]-B-D-glucopyranosyl
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Bacopaside 1
- UM Chromadex UsnAanigomsn
- USHN PhytoLab GmbH& Co. Uszimeensiuil
-85 VOUINT 12%1910 Dr. Frederic Muyard University of Franche-Comté 15 Sm'ﬁl}]éj U
Polyclonal antibody Aoa15 Bacopaside 1
- lasveyasiziaIn as. g wsuiinersanl
wymenugIans
- U3 Janvier UszmerS st

IEMINAA0Y

m%’ﬂ"lﬁ’%’ﬂcﬁy@mimmgm Bacopaside I 91U3HN Chromadex #ANUI NMIVTENTayrinans
U1 stock ﬂf,uzﬁa%ﬂﬁﬂﬁlfjuﬁﬂmiﬁﬁ%ﬂﬁﬂ Dr. Frederic Muyard 919 University of Franche-Comté
UsemanSasta Tunsuona1s Bacopaside T MnAIsafansuil 410MAiANI  Centrifugal Partition

Chromatography (CPC) tie 1% laansUTunaineriiealumsiiise

InaaeaeLenas Bacopaside I

M3LeNaIs lag CPC

1% CPC condition ﬁﬁﬁ@"lﬂfi

Mobile phase: Chloroform: Methanol: i-Buthanol: water (7:6:3:4)
Sample: Enriched saponin extract UDIWT Ul 294.3 mg

Mode: ascending

CPC condition

Tubes Flow rate Rotation speed Min/tube
(ml/min) (str/min)
[1-5] 8 1200 3
[6-8] 8 1200 2
[9-26] 8 1300 1
[27-50] 8 1400 1
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MIUATIH A3 1ag HPLC

19509 HPLC Han 1A Shimatzu 11500470 Pump: LC-20AT, Detector: SPD-20A, Tnjector: 20 uL
ﬂﬁ?ﬂ%ﬂ“ﬁﬂ?WNﬂW?ﬂéu 205 nm

ABANY] RP-18 column (150 mm x 4.6 mm, particle size 5 um)

Mobile phase: 0.2 % O-phosphoric acid: acetonitrile (65:35% v/v) pH 3.0 Tag U5y pH @18 5SM NaOH

Flow rate: 1.0 ml/min
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TnsaMseen 5 5-5




1 Tudawu

138 aun

21,00 14, 4F _=:?|F'_'“=£|“':==*"=,-T’,_1J:.

_ 09.00 1. ' z
Tufilians : 6 | W gar .
eugtrazatsinlaltlaffisiFanssanaaunim

21.00 . Aulaaitzuazgaanszaieil 1 o van 12 40l

204 11817 24 91l

LAR'ES - .
09,00 1L =“=J=_-[’.-’.’.-’.“'§3:Z =-.T:::ZF'_="=.’E.”E-:Z|- 3%

A131%EH13

Audlaaitzuazessnszedadl 300 vian 36 S e

21.00 14

T 2 v . .
09.00 54 Auiaatzuacgaanszaion 4 a4 1981 48 Drkuasiunnumalnug

1131613

v 4
U7 5-2 TunoUMIANEUNAILDAANVEIANT Bacopaside I HaIMIVUTH3 Inensilou

R

TnsaMseen 5 5-6



a (v a o v
2. ﬂ1§ﬁﬂ‘l&l1!ﬂﬂ]ﬂﬂﬁﬁ3~l°\l@ﬁﬁ1i Bacopaside 1 “r‘iﬁ\‘lﬂ1i‘lJ51’1157]13?1@?)91&599]6]11141’1‘11«%”81/‘!145

Q
a d
Jams
ad
IEnInaasd
) a d’ Y U
msdmanlsnamsnee ifunvynaaes
A
MuruNMsANEIMENAUeAaNATIRaUNTI (Preliminary study)
= dy 9 v :l v W & g = o
Tumsinuiilsans Bacopaside 110 un. @o 1nindmy 1 0. Fuiuvina@edinuns
a A a . a = o
U3 laemstlou 11ie991n WINMSUTMISENT Bacopaside laamistlounailymitilsy Tewivesen
v Ed
a1 msldasvnaReiuiinuasameadiondiiieliannsaasianuaisainaluaziua
o Y 1
vo'lan ldludedeilaansuazganse
AguYBIAAINAADY
- AQUAILAN U 3 A7
- NQUNAARY T 3 6
] v da Jo @ I 1 ' o J o
1. IIRAYEERUTIAATNUIN 6 A2 00N UNGUAIANLALNGUNAADITIUIUNGUAZ 3 @)
1 Y o @ a 1 o <3| )
2. uenryuaazal lunsedmianmmswaveaauneuimsanyuiiunar 24 92 Tus u
12-12 F2 T4 light-dark cycle
v I o 1 A '
3. saldemsunvyilunet 12 ¥1Tus AeunsusHITas Bacopaside I 1Ay
Y
4. VINTA1902018UD Bacopaside | 11 0.9% normal saline VU9 10 ¥N./NN. VOIUIMINAINIY
muduidon jugular vein LNUYNGUNAADI 1A 0.9% normal saline A YNAUAILAN Y
v 1
UTnasaotihmindrmminu
< @ a A o 9 3 o R a
5. ihuilaezuazgansgnaImMsuImsnna 12, 24, 36 uaz 48 47 1wy wieunatiunnilsinas
2

HagdInun

3
2

< A a ~ o a L4
6. muﬂﬁﬁnzuazq%miz'l%ﬂqmwgn =20 DAL ALFYT IUNTENININITAUATIEUNG

Y
“]J‘iiﬂ@]i"ll@\‘iﬁﬁagﬁWEJGluﬂTi‘]J‘ﬂ’ﬂiNWU%NW@@@L’E@@@%W =0.1 1a./100 N3N VOIUINAD

MISATENAITAZAY = azaly Bacopaside I 12 1.1 0.9% normal saline Y5105 1.2 wa.

TnsaMseen 5 5-7




1 Tudau

s aw

Fuiflias

Tuf 1 v

malaTs

uf 2

mIlias

9
o

21.00 34,

09,00 4.

2100 14

09.00 4.

2100 14

09.00 34,

IR LARTAN T

]

ufnuainug

UsinsaTsazane Bacopazids [ ﬁ??r"_""';:::?'.“ﬂﬂ“::"“/"Ii__f-"l“ 1

Auaarzuszaamnszafaf 1 adwean 12 Fali

e
Er 7,

q.—\-=:J:j-aaﬁﬁ'.- -'—.'.--'rr_.-'; d;.ﬁ:'.-lg \:::'i'\l-ru ISbo bl '\I_I_ sfﬁ'?: \:
b I EL L e VA L2 Fla™ VL bl Badat | £ 70 d bes

Autlagnezuazaaanszafai 3 o 1ian 36 dalan

1897 amuazd

=

Calab

i

=n=j={'1ﬁ=fi=é

317 5-3 TUAOUMIANE UMD AANVDIAS Bacopaside I HAINTUTHITNIINADATOAR]

TnsaMseen 5

5-8




ad ) Y |l
ITMIAIUATBNATIIN IV

M3anaa1s Bacopaside I91nA39e19aa1927 2838 Liquid-Liquid extraction
o w 1 U A g Y a o ~ cy 9 1
widednilaamziny 3 lugumngil -20°C wazaelunsuziusspimdnver (vortex) au
Y
Wnud nmiutluladledellaany 300 uL ladasluvaeanaassvuianals Ay 50 uL Ued internal
1 Y
standard ( 3 pg/ml VP4 prednisolone Faza1sly 90%wn1uea) uaznan I uNMIWAY ethyl
) 4 a .. v Qg: ay v @ 4 a
acetate 2 ml 1az1i111 vortex 1o 1¥1AAMS partition Audunar 1 WA dsnaBdninie 1¥inams
S Ao 2 9 g A & )
HENTFUNFARUAIU UMWz a U uTuveIaITazaty  ethyl acetate 1 ld luriaoanaassvuia
g o v o S . H o g
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o 1 A g 9 Y o Y A o
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o . v A IS o 3 o . . A
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1A0egaIe 90%uMmuealuil5uas 300 uL

MsaNAEs Bacopaside 1910613061990015302878 Solid-Liquid extraction
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.94 , O e b A A o
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M331A512% Bacopaside I 13835 LC-MS-MS

Aw o a I v 1 :’I a = 4 A
AI9e11ns AR 1ZrAIE N INARIBmATn LoMs/MS  Tagiianmzueuniosionldly
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AodNI Clipeus C18(2) 150 x 4.6 mm i.d.,5um (Higgins
Analytical,Inc,USA)

asazaolandoud A: 0.1% n3anlesiin
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o 1 A4 A <
dadiuvesmsazaraanasunaINaA1 N 5-1

d' v ! A A Aq Y a 1
M319N 5-1 oasa U dndauUn ‘1/]1‘]511!ﬂ15&!8ﬂﬁW§‘1f1Jﬂ@]1\‘]0]

naHIN) 9ATIMIIa@a/MN) %A (0.1% formic acid)  %B (acetonitrile)

0.1 0.6 80 20

2 0.6 60 40

4 0.6 60 40

13 0.6 50 50

14 0.6 20 80

15 0.6 20 80

16 0.6 80 20

20 0.6 80 20

Y { 4 a J a 1
3197 52 angi 1dveunTesiinTgiwiaula luanavesas 3u API4000

Tune Parameter Positive mode
Tonization Type Electrospray (ESI)
Collision gas (CAD) psi 7

Curtain gas (CUR) psi 20
Temperature (°C) 450

Ton source gas 1(Air) psi 55

Ton source gas 2 (Air) psi 45

Ton spray(V) 5500
Dwell time (msec) 200
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a 4 o "o HAq ¥
M1919N 5-3 AT NNATOU ll:]ﬂillmf]a Llﬂ$ﬂ1ﬁllﬁﬂﬁﬁlﬂu1@'ﬂ'ﬂu ﬂTWﬂ\T\TTLl‘V]Gl,“H

Compound Parent ion(m/z)  Product ions DP CE CXPpP
(m/z) 4%) %) V)

Bacopaside | 979.5 900.0 75 30 13
979.5 768.1 60 40 14
979.5 587.3 95 18 13
979.5 473.6 60 25 17
979.5 455.5 75 40 14

Prednisolone 361.3 343.0 90 10 8
361.3 147.1 90 30 8

M13197 5-4 Mass spectrometry conditions

Q1 Mass (amu) Q3 Mass (amu) Time (sec) DP (volts) CE (volts) CXP (volts)
979.5 900.0 200 75 30 13
768.1 200 60 40 14
578.3 200 95 18 13
473.6 200 60 25 17
455.5 200 75 40 14
899.0 767.0 200 50 20 13
605.0 200 75 18 13
473.0 200 100 20 25
587.0 200 50 20 13
455.0 200 50 20 13
929.5 797.0 200 50 20 13
635.0 200 50 20 13
617.0 200 50 20 13
473.0 200 160 50 10
455.0 200 50 20 13
929.0 963.0 200 50 20 13
779.0 200 50 20 13
617.0 200 50 20 13
455.0 200 60 24 10
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M15197 5-4 Mass spectrometry conditions (70)

Q1 Mass (amu) Q3 Mass (amu) Time (sec) DP (volts) CE (volts) CXP (volts)
473.0 475.0 200 50 20 13
455.0 200 50 20 13
437.0 200 50 20 13
396.0 200 50 20 13
455.0 441.0 200 50 20 13
437.0 200 50 20 13
369.0 200 50 20 13
247.0 200 50 20 13
3613 343.1 200 90 10 8
147.1 200 90 30 8
uditaiineaiie LC/MSMS fanan lasuanueipnsizian guéinemansmsunndiva 9

a 4 o [ v Aa 1 9 9 o Aaov K
ATUINYIFNTATNITHUNNY QW’JﬂW‘]&Iﬂ%Iaﬂ !Lﬁ%llilﬁ%ﬂ’)ﬂGlUﬂﬁGl"]fﬂusluigﬂgﬂTJ ANINIIIVYI

Ay o

o ada <Y a a . 9 . 1
WALITAATIZHA8ITN1YNANTUINGI on membrane analysis) 1A814 polyclonal antibody #oa13

. aw A a v o 9 o o ada 4
Bacopaside NNANUITENHIUIN TAE AT, P NTUANYITAU WIDNMININITATIVADUITIUAITIEN

Y
AaNa Al

% a a d LY
i'ﬂi‘VWN‘Lﬂ!!ﬁ%ﬂ15ﬂ53§)ﬁ®‘ﬂ3§ﬂ15'3!ﬂ§1$1"iﬁ1§ Bacopaside Iiuﬂ')@d1ﬁﬁﬁﬂ13$!m$

Qﬂﬂ]i%ﬂl@ﬁﬂ‘gﬂﬂﬁ@ﬂﬂﬂ%% on membrane analysis

Q' Y a d
1. §9NA93IMIATIVIAIIZH (Characteristics to be analyzed)

A A a 7 7 o '
mwé’fmmimammaww ﬁfl a9 Bacopaside Iuawmwumma"law “U'E')\‘lﬁ'ﬁﬂ\iﬂfﬂ’)slu
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2. 35MIM3NAIAIBENY
2.1 M3anaas Bacopaside I91nfeenafaa1iza1898 Liquid-Liquid extraction
o w 1 ey A < a { 3’ [l
medilaang( blank)mhu A lugangil  -20°C nazarelumyuzhussyindaue
Y v A Yy a . A Yy 9 3 =
(vortex) DUANAUA LAUANAITUINTIIU Bacopaside 1 AANUANTIU 40 11az 400 ng/ul niuiinla
v
frethailaeng 300 pL laasluviaeanaassvinanals 1NHUAL ethyl acetate 2 ml uaziiili
A Y a .. [~ ~ :}l Qy Yo o A Y a :JI A o d? Y
vortex o 1¥AAMS partition nuilunal 1 Wi dwneBdniiniie 1¥iRamsuenduidanuiu uds

< ' g a’/‘ 1 3 o 1 Y oaj
LﬂUlﬂWWgﬁjuﬁlﬂusﬁuﬂl@\iﬁ'ﬁaga’]ﬂ ethyl acetate NWGlﬁGluWaﬂﬂﬂﬂa@ﬁmuWﬂLaﬂ@uiﬁN UaNINUU

TnsaMseen 5 5-12



] 9
9 .. [ I 1
MT partition 39UNADIUALEAINAIY ethyl acetate DNATIAL 2 ml HAINUAIUVBIAITAZANY ethyl
@ 1 A 9 @ o Y A o v . 9
acetate 3J'li’)3Jﬂ‘Uﬁ"Ju‘Vllﬂ‘]Jul’Jﬂ1ﬂﬂ1§ﬁﬂﬂi@ﬂlliﬂ m”lﬂﬁzmmmw 35°C HagnNuAU 15 psi Iﬂfﬂfb’
4 < o L Lo : \
1504 Speed Vacuum Wunar 1 ¥ 119 90TUNNS reconstitution ﬁ”liﬁmﬁﬂ’f)gﬁﬁﬂ 90% methanol

Tu1/5u1a35 300 pL

2.2 MsanAas Bacopaside 1 210§139819999152013835 Solid-Liquid extraction

duv09ganIiiMIanind 833 Solid-Liquid extraction Tng43i10619999158 091 NAADA
100 g U UANAITNIATIIY Bacopaside T HAIMTUTU 40 uaz 400 ng/ul NTAUIAY 90%methanol
130 cthyl acetate 131105 500 ul 111 vortex 182 sonicate @781A309 sonicator WL 15 W17 Aouti'lY
flumisaiieanaznoudi 5000 pm Wi 10 Wi Wud i 18 uazidn  90%methanol 3o cthyl
acetate Y1105 500 pl Lz UAD AT IMIAT T 0U LA IMYIMIaZa  methanol 3D
ethyl acetate ﬁwmmimﬁ’u ‘Lflﬂﬂizlﬁﬂuﬁ!ﬂﬁ 35°C agANNAU 15 psi Iﬂﬂcl“ls)'}mém Speed Vacuum
N3N methanol3Z1MEMUA MIUIINS reconsitution a3 finaongaan 90%methanol 11131103

500 uL
3. MINTINABUANNGNADIVBIITNITIATIZH (Analytical Method Validation)

3.1 Specificity and selectivity

i
I=

o anaAa L4 ]
NTNATOUANNIUNIZIIZANUDIIFTUATIE N GlUIﬂiiﬂiﬁlmill‘ﬂ @91} ﬁg]’f]\illhﬁi'li]WUﬁ'li

o 1 A a L4
‘i’]Jﬂ'J‘L!GI,ﬂG]Gluﬂﬁ'ﬁT)%Lm%@qi]%1i$“ll'f)\‘11’iuﬁ‘1flﬂaflﬂ f9817 Bacopaside [ m&'@qmimmww

d

3.2 Limit of detection (LOD) U99N13AIIZH

o = = d' Y Y o A a ¢ a N

Mmsan lagmssuasianududui (- ng/ul) medmaizilsnudigavesds

. Aasa 4 A = Yy 9 o 1 ng 1
Bacopaside I  $1353A512HIzaN150A5290D 1A T euanutuduas 3 @29019aauA

@ ] {A 4 a 1

0.0001-1000ng/ ul response YBIAIBDENNUATIZH 1AA0 151194 Bacopaside I &1 AINITRANAULAIVD

Ay A = ] Y
ﬁ'1§1/]uf]fl‘l/]q@ﬂﬁWlﬂiﬂMﬂﬂlﬂuqﬂ

3.3 Limit of quantification (LOQ)

o @ a v 1 . @ 1 a {
MMIANAUALUATIZHAI0819615  Bacopaside 1 Tudregnilaaiziuazganse lagishn

@ 1

4 v
WAYURTEAUANMTNYY 31.25, 62.5, 125, 250, 500 U@L 1000 ng/pl ANNANTUAL 3 A10819

a H ) - [l ! '
YT Ue9a15 Bacopaside Iy LOQ #e 1Suaiens Bacopaside I Nyadiganlvingm

Q L)

1 < { o
wasguliaanuiudunsa (inearity) Noousuld
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3.4 Linearity/ Standard calibration curve
o v a Jd o ' . @ '
NMNMITIANALDSAUATIEVIAIDYINT1T Bacopaside [ Mmamﬁﬁﬁnzuazq%msmmwgmam

asa L 4 o Y Y Y o . . &
Tagd s NWaNIUNTZAVANUINIY 31.25-1000 ng/pﬂﬂammmmumqmm calibration curve 11U

{ [ o Qg}/ 3 v o da . . '
mms%’m’fuﬁszﬂu LOQ MNMTnaasiniviva 3 A3 WWﬂ]WZJﬁlIWH‘HWQLﬁ%}uG]iQ (linearity) &I
response UYDNE13 Bacopaside Iﬁszﬁumwm%’u%’u@inq Tl regression equation HazMuUIUA

. . . 2 1 Ao 9 = v Y 1w A A 1
coefficient of determination (r") mafmualdndsiaegaiosminy 0.99 ¥5ean

3.5 Precision (interday and intraday)
o [ a d v U . @ U
NMINITANALUDSIAUATIEVIAIDYINT1T Bacopaside | Glu@]’J’r)fJNﬂﬁﬁTﬂgLLﬁZQ%ﬁ]Ti%ﬂJ@QﬁHﬂﬂﬁﬂ\‘]

an A dgl A Yy 9 Yy 9 v 1 v A o
bt ng) ANUAIVIUAL 3 AIDYIN mﬂmumamu

4
(intraday) 482 38¥INIU  (interday) muumaulszansanuulsdsiu (%CV) "lumsmu 15%

gn3ui LoQ linasiAu 20%

3.6 Accuracy(%Recovery)
o 13 a v [l . % [l
NMNMITIANALDSAATIEVIAIDYINT1T Bacopaside | GluG]'J'Elﬂ'lxi“ﬂﬁﬁ"l')glLﬁ%@‘i]i]'l‘igleE]\?WHﬂQﬁEN

[

asa £ 4 Y Y v o 1o 1 Ay v
I@ﬂ?ﬁ“ﬂ HIVUN2 AUV (40 uas 400 l’lg) ANUUVNVUAS 3 §1IDYIN ATUINU %recovery ﬂ’l'i/]]lﬂ

s Y A = "9 1 =1 d’ [] o
ﬂ’)‘illﬂﬂﬂmﬂﬂ\i 100% ﬂi@ul,lluf]ﬂﬂ’ﬂ 85% HATUAIUAIN UL

a a d
435MIUATIZH (Analysis method)

o [ Ad 1 ' o a o .
mat’mi’]ﬁﬁnzuazq%mizmﬂmmazmanm%aﬂumnmmzwmmi Bacopaside I ?Q]I'JEJ

(MALUA on membrane analysis Tagldlandounae 0.2% o-phosphoric acid :acetonitrile lugasiau
65:35, pH 3.0 membrane nl¥ne Polyethersulfone (PES) membrane
ax a o o3| o w 1 =
'J‘ﬁﬂ'li’Jlﬂ‘i'lgﬂﬂﬁl,lﬂﬂ\i!ﬂuﬁWﬂ‘U@@Ulﬂu
o Y 1 ] a z o 1 e’aé Ao o
4.1 $11M3 spot a13AeeasuuAY PES Tud5uas 1 pl viniutih ldldasluuneddaiiaah
I o 1
22018 0.2% o-phosphoric acid:acetonitrile (65 : 35, v/v ; pH 3.0) 1111 mobile phase HWWY PES 99NN
9
N Bauudss e limnesiae 11
2 Y 9 = Y 3} ' a a4
4.2 191598018 NalO, ANUVNUY 10 mg/ml Vlazmamﬂmaﬂuﬂamwmﬁmﬂﬁmaamum
9 9 1 v
4 x 6 11 USuas 40 ml vimiuguusy PES aaludnirlinsuunseavdmnu 1 49 Tue nazdede
Y Y
113 A39
2 . a Y o A 1
4.3 1Y 1% gelatin 11 50 mM Carbonate buffer pH 9.6 UYS1as 40 ml udnirlnswwnseuven

v A

v 9
1 3 91709 1azd19a1e PBS 3 A543 111 1 A5
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4.4 @nensazgaregidrmniuIna Inauves Bacopaside I M11n15:909191u 1X PBS anududu
a Y o A ' o & 1%
50 pg/mlUTes 40 ml udnileuuwmIesvdu 3 FaTue 90U 419 0.05% tween U
4 Y F4
phosphate buffer solution (T-PBS) 3 A54 t1az11 1 AN
a a Ao A . . a Y o
4.5 IANLOUAVDAAIN 2, POD anti-rabbit IgG azatelu T-PBS USu1as 40 ml uanirlnsuu
[ v 4 4 v F4
IATPUVEIUIU 1 F2 119 1I01TUA19A28 T-PBS 3 A59 tazti 1 A5
A 1
4.6 1ANA1TAIAY 4-chloro-1-napthol (CN) NANMAYNYY 1 mg/m! Tu PBS UT11A5 40 ml udufy
Y o A 1 = 0911 Y 4 (;y A aaan 3
0.03%v/v ¥94 H,0, uanirlmsuunieawdinu 15 uiil miniudndisiniongal)nsemavun
] ] { 4 :ll ) 7~ a <
47 vhudy PES udwd lduanudreniowanuainiui iidn 1@l Amszvaimsgandu
Y
1er9811/511n54 Photoshop CS3
o 1 = . % ] a = ~ [ 1
4.8 1AINIQANAULAIVDIATT Bacopaside I Tudrednamnmnlsunams TasnfSeumeunvam

o o { Y 9
mi@@nﬁuuﬁwmaﬁmmgm Tﬂﬂmmm%1ﬂmi1mﬂ5w\|mmmimmgmﬁmmmmumm

HOS,0

H o
Ly < N I
N NalO, Gelatin - NH,
o s CHO CHO h
f\ HO (I8
o : b
. o
¢ HO/J\OH
o
Gelatin
OH AAAATAAAAANARAAN

311 5-4 maAalnsendunuTdsaunaza1sngy pseudojujubogenin glycosides VULHY PES

U

HOS,0.

membrane
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UNA 3

Wan1sIvguazenNisena

o a awv d' 9 1 Y =\ adAa v 1 9 a o 1 1
ﬂWﬂﬂﬁﬂHuuﬂ'li’)ﬁ]‘EJG]'I?J‘V]llﬂﬂaTJll’Jﬂlu'iZL‘UfJ‘U’J‘ﬁ’J%ﬂ wmﬂﬂwamﬁnaimmazmu

Y
faae hil

a d Y a
NaN1IAUNIIZHia1T Bacopaside I Nuanne s centrifugal partition chromatography
[119AATIZH fraction 195 AaUA 1-50 328 HPLC WU Bacopaside I 80n11114934 fraction
14-17 919317 5-5 uaz 5-6 d9U saponin 99 Wulu fraction 23-40 @13 fen'lalu fraction 14-17 gn

fignilenanyai1n3ady Bacopaside I 1at3% LC/MS/MS (317 5-7)

uv

4 T
400000 || 1 ‘
] ||Ia\
250000 | 1
] !
200000 | |
250000 ‘ I
2nnuuu—f ||
150000 | | ll
100000 | ‘
] | | W | I"|
50000 - ¥- - | i 7
1 {\L\r\f\_ A | I, N Is
1 | A e Alla \ v f
— —"']'I FQM%T_——-—'—"_ e --——=—"'{ \\;—_— —_—-A_—M:_
T T T T T T T T T T T T T T T T T T T T T T T T L
25 5.0 75 10.0 125 min

Y A a L4 A
g‘l.l‘ﬁ 5-5 HPLC Chromatogram 11891nM3IAATIZN enriched saponin extract Annududu 3 mg/ml

(Lﬁgf} ua !ffljiJ) e chromatogram Y94 fraction 14

u

r T
40000CH | |
350000
30000 ‘

250000+ I

2|:oo|:n—f |

lEDG[!D—f : ‘ |I
mmnn—f | | ||
] | \ | ':\". Iﬂ' .

EIII[!D—; - \L\ﬁ | I i / \\
o — J “'----?-M\M_;JLL A\ A LS

T T T T T T
25 50 7.5 10.0 125 min

v
=

. - . .
31]11 5-6 HPLC Chromatogram 11891nM3AATIEH enriched saponin extract Annududy 3 mg/ml

(Lﬁ’uﬁg%’w 1A chromatogram U9\ fraction 15-17
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(a) LC/MS Chromatogram of fractions [15-17]

Intenix1,000,000)
1.257

473.3620

979 4578(1)

oool—eogaes 4193204 8474349 —— —————
250 750 1000 1250 miz

n
=
=

(b) MS/MS of fractions [15-17].

gﬂﬁ 5-7 LC/MS/MS 40N fraction 15-17 @113 Bacopaside I LLETA9 peak 7119.3 M

a v A Jd
Nﬁﬂ1‘iﬁﬂﬂ1!ﬂﬂ1ﬂﬂﬂﬁﬂﬂlﬂﬂﬁ1i Bacopaside Iﬂuﬁgmﬂwugmms

[ 1 o Jda J @ a @ 1
ﬂWEJ‘ViﬁQﬂﬁ‘flf]HLLﬁzﬁﬂﬁﬁ Bacopaside 1 LLﬂﬁHﬁ1ﬂWH‘I§’Jﬁ@ﬁ‘i‘l’iﬁuﬁgﬂih1ﬂ‘lﬁ’38m\‘i

]
1T A

A g o Yo
Qﬁ]i]"li%“ﬁ%‘ﬂﬁﬁ"l’lgﬂlﬂﬂ U1 12, 24, 36 Uy 48 2109 “l,uﬁyiﬂ’qw”lmumﬂﬂami‘f]auuazms
= 9 = o [ A = A o w
AN ADAADART LEAAIAIIUAITIN 5-5 DIA1T19N 5-8 MUAIAL

a Jd A . [ ] qg.: @ [ Aan A 1 Y
HaNMsAAsIEHYSIIwans Bacopaside 1 Gl,lm’J’E)EJNVNWiJﬂﬂ"IEJWaQﬂWiﬁﬂﬂ@]”liJ’J‘ﬁVIﬂﬁ"l’Jll’ﬂu

aaov Y

52118193529992875 LO/MS/MS taadlumsian 5-9 uag 5-10 auainy
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3 4 QU L} 4 d Q'J U
M99 5-5 FoAd 1T aa1I21aINTEUBINYNAABINAY & 19a1 12, 24, 36, 48 F2 113 NAINTS

Jouas Bacopaside |

NENAIUAN n=3

fedhatlaanz

sHanynaaes 0-12%.3.  12-24%.3. 243683  36-48 B,
CTI CTI-UI2  CTI-U24  CTI-U3  CTI-U48
CT2 CT2-U12  CT2-U24  CT2-U36  CT2-U48
CT3 CT3-Ul12  CT3-U24  CT3-U36  CT3-U48
10819999152

sHanynaaes 0-12%.3.  12-24%.3.  24-36%.3.  36-48 B,
CTl1 N/S* N/S N/S CT1-F48
CT2 CT2- F12 CT2-F24 N/S N/S
CT3 N/S CT3-F24 N/S N/S
NNNARDY n=3

fegallaaiz

sHanynaaos 0-12%.3.  12-24%.3. 24363 36-48 B,
BC1 BCI-UI2  BCI-U24  BCI-U36  BCI-U48
BC2 BC2-U12  BC2-U24  BC2-U36  BC2-U48
BC3 BC3-U12 BC3-U24 BC3-U36 BC3-U48
0819999152

sHanynaaes 0-12%.3.  12-24%.3.  24-36%.3.  36-48 Bl
BCl1 N/S BC1-F24 N/S N/S
BC2 N/S BC2-F24 N/S BC2-F48
BC3 N/S BC3-F24 BC3-F36 BC3-F48

*RUNBYN N/S = No sample
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3 4 QU L} 4 d Q'J U
M99 5-6 FoAIE T AT 1IZUAZQINTEUBINYNAABINAL & 19a1 12, 24, 36, 48 F2 113 NAINT3

UIM15813 Bacopaside I N19HADAADARN

NANAIUAN n=3

feeaifaadz

sHatiynAaog 0-12 .3 12-24 %.41, 24-36 1.3, 36-48 %.31.
CT1 M2 CT1 M2 U12 CT1 M2 U24 CTI M2 U36 CTI M2 U48
CT2 M2 CT2 M2 U12 CT2 M2 U24 CT2 M2 U36 CT2 M2 U48
CT3_M2 CT3_ M2 Ul2 CT3 M2 U24 CT3 M2 U36 CT3 M2 U48
f0e1990015%

sHatiynAaog 0-12 .3 12-24 %.41, 24-36 1.3, 36-48 .31,
CT1_M2 CT1_M2 F12 N/S* N/S CT1_M2 F48
CT2 M2 CT2 M2 F12 CT2 M2 F24 N/S CT2 M2 F48
CT3_M2 N/S CT3_M2 F24 CT3_M2 F36 CT3 M2 F48
NQUNAADY n=3

feeilaaz

sHatiynaaog 0-12 .3 12-24 %.41, 24-36 1.3, 36-48 .31,
BC1 M2 BC1 M2 U12 BCI M2 U24 BCl M2 U36 BCl M2 U48
BC2 M2 BC2 M2 U2 BC2 M2 U24 BC2 M2 U36 BC2 M2 U48
BC3 M2 BC3 M2 U12 BC3 M2 U24 BC3 M2 U36 BC3 M2 U48
f081990015%

sHatiynAaog 0-12 %.3. 12-24 %.41. 24-36 1.3, 36-48 v.31.
BC1 M2 N/S N/S BC1 M2 F36 N/S

BC2 M2 N/S N/S N/S BC2 M2 F48
BC3 M2 N/S BC3 M2 F24 N/S N/S

1@ * N/S = No sample
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M319N 5-7 Ysnadiednilaaniziazganssveanynaas a 11a1 12, 24, 36, 48 %2 143 HaIN13

Jouas Bacopaside |

NYUAIVAN(n = 3) NYUNAADA(n = 3)

MHUNAININ)
AOUNISUITHIT 2573495 263.8+2.9
48 %.31. 234.0+8.7 234+ 1

PBnasinfinyan xa.)

0-12 ¥.4. 42+3.0 6.7+3.5
12-24 %.4. 10.0 +10.1 7.0+4.6
24-36 ¥.U. 4.0+£2.6 5.0+£2.0
36-48 ¥.4. 0.7+ 0.6 47+£1.2

Sanasifaanizwa.)

0-12 ¥.4. 5.0+£3.0 5.7+£3.2
12-24 %.4. 10.7 £ 8.6 7.7+5.5
24-36 .. 33+1.2 6.7£5.1
36-48 ¥.1. 1.7+ 0.6 33£1.5

WIMHNRaITE (Va.)

0-12 ¥.4. 111.3+192.8 0.0£0.0

12-24 %.4. 169.4 +176.9 676.5 +£418.0
24-36 ¥.4. 0.0+0.0 65.0+112.5
36-48 ¥.1. 58.8+101.8 177.3 +158.4
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M99 5-8 YSnadiednilaaniziazganssveanynaas a 11a1 12, 24, 36, 48 %2 143 HaIN13

UIM15a13 Bacopaside I N19HADAADARN

NYUAIVAN(n = 3) NYUNAADA(n = 3)
ﬁmﬁfm?h(n%’u)
AOUMIUINIT 376.0 £3.6 369.0 £ 12.3
48 %.4. 345.0 £ 4.4 340.67 + 12.097
ﬂ‘%mmﬁﬁﬁuﬁu (3a.)
0-12 %.34. 9.0 5.0 63+12
12-24 %.31. 103 +8.5 10.0 £2.6
24-36 %.41. 6.0+1.7 6.3+2.5
36-48 ¥.1). 73+1.2 10.0 4.0
Bunastaanizwa,)
0-12 %.34. 6.7+1.5 20+ 1.7
12-24 %.3. 6.0 5.0 7.0+2.6
24-36 .. 33406 33+2.1
36-48 .. 4.0+2.0 57+32
ﬁmfinqﬂmsx (3a.)
0-12 %.4.. 661.0 + 1124.0 0.0 0.0
12-24 %.3. 341.5 + 404.0 21.8+37.8
24-36 %.41. 74.4 4 128.8 601.0 + 1041.0
36-48 .. 130.3 +225.7 392.2 +679.3
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m5191 5-9 1S5 Bacopaside I Nasrannludredsilaanzuazganszraimstoudis

. a Y ax 9 a . AN Yo
Bacopaside T 9111153A51£¥1A3895 LC/MS/MS (mﬂazmmﬂimm Bacopaside I ‘V]]lﬂiﬂ)

NANAIUAN
w \l
aegatfaay

SHAMYNAA0Y

CT1
CT2
CT3
f0e1990015%

SHAMYNADDA

CT1
CT2

CT3

NQUNAADY
w \l
Megatlaany

sHanyNAaes

BCl1
BC2
BC3
f081990015%

SHAMYNAA0Y

BC1
BC2
BC3
HNeNye * U/D = Undetectable

** N/S = No sample

n=3

0-12 ¥. 1.

U/D*
uU/D

uU/D

0-12 ¥.4.

N/S**
U/D

N/S

0-12 ¥.4.

uU/D
uU/D

u/D

0-12 ¥. .

N/S
N/S
N/S

12-24 ¥.4.

uU/D
uU/D

uU/D

12-24 ¥.0.

N/S

uU/D

uU/D

12-24 ¥.).

uU/D
uU/D

u/D

12-24 ¥.4.

u/D

u/D

u/D

24-36 ¥.u.

uU/D
uU/D

uU/D

24-36 ¥.u.

N/S

N/S
N/S

24-36 ¥.M.

uU/D
uU/D

u/D

24-36 ¥.\.

N/S

N/S
0.18

36-48 ¥.M.

uU/D
uU/D

uU/D

36-48 ¥.4.

uU/D

N/S
N/S

36-48 ¥.1.

uU/D
uU/D

u/D

36-48 ¥.4.

N/S

0.56
0.21
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M15139 5-10 YSaas Bacopaside I Nasrany ludiednilaannziazgansenaamsusnisas

o a 4 A, a {
Bacopaside I N114129A100AR191ANTAATIZHA8TT LC/MS/MS (508azu09Taa Bacopaside I 7

1851)
NANAIUAN n=3
fmeehatlaany
sHatiynaaog 0-12 .31, 12-24 .. 24-36 ¥.41. 36-48 ¥.41.
CT1 M2 U/D* U/D U/D U/D
CT2 M2 U/D U/D U/D U/D
CT3 M2 U/D U/D U/D U/D
f0e1990015%
sHatiynAaog 0-12 .31, 12-24 .. 24-36 ¥.41. 36-48 ¥.41.
CT1 M2 U/D N/S N/S U/D
CT2 M2 U/D U/D N/S N/S
CT3 M2 N/S U/D U/D U/D
NQUNAADY n=3
fmeehatlaany
sHatiynaaog 0-12 .31, 12-24 .. 24-36 ¥.41. 36-48 ¥.41.
BC1_ M2 0.0146 0.0206 0.0008 0.0016
BC2 M2 0.0008 0.0094 0.0094 U/D
BC3 M2 U/D U/D U/D U/D
A3961999915%
sHatynAaeg 0-12 .31, 12-24 %.0. 24-36 B.41. 36-48 ¥.31.
BC1 M2 N/S N/S U/D N/S
BC2 M2 N/S N/S N/S 1.9568
BC3 M2 N/S 0.0432 N/S N/S
HNeye * U/D = Undetectable
** N/S = No sample
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a 4 @ L] [

INNTAAIILHAT Bacopaside 1 1UAI08191) @120 999132 UDIHYNAADINBHAINS

Houmsasnarunny wu Hifiesd 19619999152 019A20619 01 1181 36 1A 48 F2 119 (BC2-F48,
{ . a . { a d
BC3-F36, BC3-F48) 717539NV Bacopaside I 1ag153na1v09815 Bacopaside I nnuaaiudosas 0.18-
a . = Yo a9 = o
0.56 11z 0.0008 -1.95 ¥pIU3H18 Bacopaside I N1y lasuTasmstlounazmsiadinievasaaond
4 b4 Y 1 [
ey Nelimsasewumsaenanludiediavariil onliduratiownnnMsie1s  Bacopaside I
gniasunlas( metabolize) Tuszuumuauems uazanu linsdvesansasnanludanzves
FYUVNNAUDINIT NAIAB 815 Bacopaside I 919 linsdrluannensalunszimizeonsdedinininu
< ' o { s o & '
Wunsaaa( pAwn nsemsgnlasunlasdoeu ladoindy Hudu souluddorim
. [ Y ~ a 1 = I & A

N3ZUIUMS first pass metabolism nouIzdNgIzUD Inatou Tariavessumedsernduaungnilen

o Y 1 . @ 1
W19 lia 13003290 Bacopaside I ludegallaany

< oy oy ) . - ! . . Aa

HonNINHLAIA8 IATIa3 19v0Es Bacopaside 1 GNLﬂuﬁﬁﬂqu saponin glycoside NUWY
3’ I 1 1 Q a o 9 ] 1 a I 9 [l o
aadludiilsznevinnnvilsria i ldmsgaduriunemadueiniulya lidin
a . Y A yyy & { o q 9y 1
51181 Bacopaside 1 Judngszuunyuidoulatia latios ilumauanin i luamnsoasonuas

. U o Y . A Yo =\
Bacopaside 1 Tuilaanig wagsld Bacopaside I luganiszuesnynanssildsuaslaomsiloud

Ysmananlunguildsuamsmanasaondidne

AUT2ez1I81NE5 Bacopaside I §NYU0BNIINTNNIENINGINTZUDIHYNARDY WU Do
o (] A Q 9 ) ~ . [ 1 @ 1 A d
A10819999152N 1A 2 a1 36 1az 48 ¥ 1ueNATINDET Bacopaside T ua luwnTuded1aiiny
a1 24 2 1u9 Wuenanedasl1dd nenaimsldsuats Bacopaside I Tagmstlou a1sdananag

[

gniueeN1INT 19MeN1ganse Tagldnar lidindt 24 #1Tua

1 a d @ 1 ! a o A
AN AT 1ZHA106190 1891NMIUTHI5E15  Bacopaside I Manaonidoaf1inovoiny
9 H v
(jugular vein) NAUNUI Wisdeeeilaaiziazganszvedriynaas (Mna1  12-48 43114 uaz 24,
v v Yy 9 ] I

48 2 Tue MUE1AY) NATIWNVENT  Bacopaside T MaHio1arioannn Weny lasuasaanaiimis

A (BN . Y o 1 a Y
nszuaiionlagnsauonainae lUHILNTZUIUMS  first pass metabolism 1@ 69 lignulasuuilasdie

4 a =3 (=} @ 1 a 9
o lagiuestia 59 las lilinavesnnuasdr luanznsasslussuumaduemsidn
A 9 9 o ' = a = a o v &
merdeede msaananluszuunyudou Taiadannweiazgniueenuiazasany lanslu

Y 9 v v 9

Yaazuazgan1se Mail Bacopaside 1 densaglusamelidindt 48 1 Tuuazszrnaiuozgndy

v 9
ponuianilaanzuazganse1a udezni i Bacopaside T gniuoenumuilaanzawa lasy

A o T < o 1 A g P ' o = I
Asmanasadend1 uasd e lsnaudedegansziny lalmssnsrananiu 39 ldansaagl
Y 1o ' . ) ¥ Y A ' o Yo

dod 199131815 Bacopaside I gniuoonN19ganse lagldartesiganinlsmendans 1asy

A1599na1)
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HAN13AIVAOLAINGNABIVDIIDMIIATIZHAIBMALIA on membrane analysis

g3ve lasianiSmsanaas Bacopaside T 9InAI0819g991521azilaanzyeaynaase s9u
dsmswann3smsinsgiasdanaazats metabolites lugodraidmmsaiaudidro3s on
membrane analysis Vfﬂf:mimnaaummgﬂ@’faqeuaﬁ%"?mswﬁﬁﬁwmeﬁuiﬁ’wammiaﬂﬁau
Fade'lalii

1. Specificity/ Selectivity

1 2 345 6 7 8 9 10111213 14 1516 1718

@ 1

Y a L4 @ 1
i‘l.lﬁ 5-8 GI’J’E]EHQTﬂiiJ'IIG]l,LﬂﬁJeU’ENWﬁﬂ'li'JLﬂinﬁfﬂi Bacopaside | Glu@ﬂ]f)f]'l\'i{lﬁﬁ'l’)glm$q%ﬂ'li$

Lane 1 Standard Bacopaside I 1000 ng, lane 2 Standard Bacopaside I 500 ng, lane 3 Standard

Bacopaside I 250 ng, lane 4 Standard Bacopaside I 125 ng, lane 5 Standard Bacopaside I 62.5 ng,

lane 6 Standard Bacopaside I 31.25 ng, lane 7-18 Feces and Urine samples spike with Bacopaside 1

1nA20619 AT Taunsu (307 5-8) TiaT19NUe350NU(interference) ADET Bacopaside I

~q V = S A Ay Yy A . " o
A1Flumsdnwil nande Tasulaunsui latiiesInsu Taunsuvesas Bacopaside I 141114

a a d
2. Limit of detection (LOD) Y9IIBMIINTITH

910317 5-9 71 LOD ¥94m 31151115 Bacopaside I 9114 Ao 1 ng

3. Limit of quantification (LOQ)

Y
@

AnA = ' v ada ded 1 " W [
HANISNAADY LAEITNNAUIYUND I M LOQ U9NIFAUATIEUUNAUNINDY 31.25 ng aataaalu
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12345 67 89 10 1112131415

4

511 5-9 TasuTaunsuuesd1suIAIgIU Bacopaside I Audaza1udindu

Lane 1 Standard Bacopaside I 1000 ng, lane 2 500 ng, lane 3 250 ng, lane 4 125 ng, lane 5 62.5
ng, lane 6 31.13 ng, lane 7 15.63 ng, lane 8 7.81 ng, lane 9 3.91 ng, lane 10 1.95 ng, lane 11 1 ng,

lane 12 0.1 ng, lane 13 0.01 mg, lane 13 0.001 ng, lane 14 0.0001 ng, lane 15 0.0001 ng

30

y=13.35x-14.83
R?=0.995

20 /
15 /
10

25

Intensity

0 T T T T T T 1
0 0.5 1 1.5 2 2.5 3 3.5

Log Bacopaside | concentration
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Abstract

Acute toxicity of Brahmi extract was conducted in male and female rats by single oral
administration with the extract at 5,000 mg/kg body weight. The toxic signs and behaviors were observed
within 14 days. The results showed no sign of differences as compared the control rats. In conclusion,
single oral administration with the Brahmi extract at 5,000 mg/kg body weight did not significantly cause
acute toxicity. For the chronic toxicity test, after oral feeding both male and female rats daily with the
Brahmi extract at 30, 60, 300 and 1,500 mg/kg body weight for 270 days, signs, animal behavior and
health monitoring were then investigated. There were no abnormalities in the test groups as compared to
the control rats. Furthermore, the test and control groups (the day of 270“1) and the satellite group (298”‘)
were analyzed by measuring their final body and organ weights, taking necropsy, and examining
hematology, blood clinical chemistry, and microanatomy. The results show an increase or decrease of
body and some organ weights, significantly difference of some hematological and clinical blood chemical
values when compared with the control groups. However, analyses of these results combined with the
information of signs, behavior and health monitoring can finally make a conclusion that an oral
administration of the Brahmi extract at the doses of 30, 60, 300 and 1,500 mg/kg body weight for

270 days does not produce chronic toxicity.
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nqu WMINd (PSN) Wiinaa LAy
e 2 o 4 . - — Tuiun 270
uin 1 Tuh 90 Tuh 180 Tuh 270 Tuh 298
AN 231.00 += 245 302.00 + 3.00 317.00 + 249 33850 =+ 9095 107.50 =+ 8.80
WU 30 UN./NN. 23500 + 269  290.50 + 4.86* 32150 + 342 33600 * 678 101.00 + 6.53
NI 60 UN./NN. 23600 + 267 301,50 + 342 31050 = 138 31550 + 7.76* 79.50 + 9.44*
W3 300 UN./NN. 231.50 + 441 30050 + 431 321.00 = 3.64 33950 = 598 108.00 + 6.67
WU 1,500 un./n. 22900 + 482  297.50 + 443 32150 + 350 33050 + 7.97 10150 + 7.30

W3 1,500 WA./AN. 232.50
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2.61 294.00 + 3.40 331.00 = 4.40* 33750 =+ &.11 34550 + 594 105.00 + 7.30

Joyaudanunae + manuAananlnAvesAunae, n =10
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AN 23850 =+ 342 408.00 + 3.35 510.00 + 8.20 530.00 + 17.45 291.50 =+ 18.69

WU 30 UN./NN. 23750 + 430 42950 + 858  530.00 + 3.65 54750 + 9.23 31000 + 11.25

NI 60 UN./NN. 236.00 + 2.67 41950 + 4.62 52250 + 831 54400 + 7.56 308.00 + 6.59

W3 300 UN./NN. 23450 + 3.61 41250 + 13.69 518.00 + 9.26 538.50 + 10.85 30400 + 10.08

WU 1,500 un./nn." 24250 + 327  387.50 =+ 1639  502.00 + 8.83 502.00 + 9.58 259.50 + 9.65

W3 1,500 WA./AN. 23550 + 3.02  396.00

H_

1370 485.00 + 11.25% 512.00 += 7.20 513.50 + 9.13 276.50 + 9.43
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NIUN (UA./NA.)

AN 30 60 300 1,500" 1,500"
GITGN 197 + 002 194 + 003 194 + 003 207 = 004* 208 = 002% 201 = 003*
Uoa 216 £ 026 216 + 026 200 + 014 214 = 013 232 = 019 200 = 0.3
iala 127 £ 005 122 = 003 124 = 004 138 = 009 136 = 006 131 =+ 005
Al 990 £ 032 955 + 028 871 + 030* 972 + 023 933 + 029 954 = 027
1 083 + 003 08 + 003 074 =+ 003 08 = 003 08 =+ 004 079 = 004
AUoDU 103 + 009 1.09 + 008 121 =+ 014 134 =+ 013 142 = 0.14* 098 =+ 0.2
aounuanla 004 =+ 000 004 = 000 005 =+ 000 004 = 000 004 == 000 004 = 0.00
a 127 + 002 128 + 002 120 =+ 003 122 + 002 124 £ 004 125 =+ 003
594 007 £ 000 008 + 000 009 = 00I* 009 = 001* 009 =+ 00I* 007 = 0.00*
uagn 118 + 014 136 + 033 101 =+ 007 09 + 009 08 = 005 113 = 0.10

Joyaudanunae + manuAananlnAveIAunae, n=10
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AN 30 60 300 1,500 1,500°
AU 211 + 003 216 + 003 216 + 004 214 + 004 217 =+ 004 211 + 003
on 234+ 010 260 + 013 258 + 014 258 + 020 359 + 021* 236 + 0.3
i1la 184 + 007 18 + 005 176 + 003 179 =+ 006 197 =+ 007 167 =+ 0.06*
Ay 1580 + 044 1680 + 034 1422 + 023* 1409 + 0.56* 1461 =+ 061 1475 =+ 037
Y 097 + 006 105 + 004 099 =+ 004 105 =+ 004 098 =+ 004 09 =  0.03
SIGRLY 127 + 004 121 + 012 141 + 014 108 =+ 014 154 =+ 013 094 +  0.09
aauunla 004 + 000 004 =+ 000 005 =+ 000 004 + 000 004 =+ 000 004 =+  0.00
o 186 + 004 203 + 006* 1.8 + 004 176 =+ 004 176 =+ 006 174 +  0.03
UM 213 + 003 211 + 009 211 + 003 213 + 003 205 <+ 007 200 + 004
oA ladie 086 + 002 093 + 003 099 + 003* 104 + 006 093 =+ 003 087 + 002

Joyaudanunae + manuAananlnAveIAunae, n=10
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a H I~ [ I'4 . .
voua luTnadwnae ludinnenuauAaziyad (mean corpuscular hemoglobin concentration, MCHC)
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o <] [l @ @ 1 1 1 a
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AINIOANU (creatinine) dvsunas i Tdsausow (total protein) AAANPINNNBAIAYNIIADA o
feufunguainay (p<0.05) dauauaiinainludeavesnynunaduaaclumsnd 612 nutingu
Tasuansafansuiviuig 30, 60 uag 1,500 faansudenTansunimiingaiusinaueulsla sy ngun
in 99041 1A BAN NIIUSWIUT  (serum glutamic-oxaloacetic transaminase; SGPT afeN ?huﬂ’cj:il

a a v a a a
anmmalisuaneu o5y ngundn Twgin naueiiug (serum glutamic-pyruvic transaminase;

S W
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ﬂ'lﬁ'l\‘i‘ﬁ 6-7 ﬂ'lja‘ﬁﬁ'J“I/lfJ'lﬂlfNﬁH‘UTJLWﬁLﬁEJiuﬂWﬁﬁﬂH'lﬂ'J'llJLﬂuwyléﬂiﬁﬂlﬂﬂﬁWiﬁﬂﬂWiuu

NIUN (WA./NA.)

AN 30 60 300 1,500° 1,500"
RBC (x10°/J41) 896 + 027 903 + 037 880 + 0.3 856 =+ 0.0 898 + 018 992 + 0.20*
HB (g/dI) 1636 + 037 1622 + 030 1624 =+ 022 1584 =+ 029 1641 = 027 1750 = 0.26*
HCT (%) 5000 + 1.60 5080 + 212 4880 =+ 073 4860 = 1.05 5020 = 089 56,60 + 0.98*
MCV(fl) 5570 + 030 5610 + 043 5540 =+ 027 5650 = 031 5580 = 059  57.00 + 0.30*
MCH (pg) 1830 = 022 1809 = 044 1841 = 025 1856 =+ 027 1830 == 031 1761 = 0.3
MCHC (g/d1) 3283 + 045 3218 + 079 3313 =+ 038 328 = 037 3275 = 038 3090 =+ 0.17*

Platelet(xlOS/ul) 0.83 =+ 0.05 0.85 + 0.05 0.77 £ 0.02 0.73 + 0.02 0.72 <+ 0.09 0.68 £ 0.04%

Joyauaainunde + Annuranaialnavesdunds, n=10
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NIUN (UA./NA.)

AN 30 60 300 1,500 1,500b

RBC (xlOﬁ/l,ll) 9.76 + 0.18 853 + 0.89* 1003 <+ 030 9.53 £+ 030 9.60 + 0.21 1073 + 0.20
HB (g/dl) 1699 + 023 1673 £ 0.50 1692 + 043 1673 + 0.51 16.77 + 041 1782 + 0.28
HCT (%) 5200 =+ 091 51.00 =+ 1.86 5290 £ 1.55 50.60 + 1.58 50.50 =+ 1.30 57.50 + 0.98*
MCV(fl) 53.00 =+ 0.21 5340 £ 0.31 52.60 =+ 0.27 53.00 =+ 0.30 5250 + 0.27 53.50 + 0.31
MCH (pg) 1738 £+ 0.17 1754 £+ 0.09 1685 £ 0.15 1754 + 0.11 1641 + 1.03 1656 + 0.12
MCHC (g/dl) 3280 <+ 0.28 3291 £ 0.26 3207 £+ 0.25% 33116 + 0.19 33.18 + 0.22 3092 + 0.12%
Platelet

(xlOS/],ll) 095 <+ 0.03 086 <+ 0.03 097 <+ 0.03 093 =+ 0.04 1.85 £+ 0.89 0.89 + 0.04

Joyaudanunae + manuAananlnAvesAunag, n =10
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NIUN (UA./NA.)

AN 30 60 300 1,500" 1,500"
WBC (x10"/JA1) 518 = 034 496 = 038 587 = 036 632 = 061 703 = 063* 627 = 067
NEU (x10*/ul) 137 =+ 016 128 = 015 130 = 014 153 + 042 141 = 019 203 = 026
LYMP (x10™/ul) 318 + 039 340 £ 024 427 £ 028 959 =+ 525% 531 050  3.63 + 058

MONO (x103/u1) 0.15 =+ 0.03 023 =+ 0.06 021 =+ 0.06 027 + 0.07 0.19 £+ 0.03 023 + 0.04
EO(X103/MD 0.04 =+ 0.02 0.04 £+ 0.03 0.09 =+ 0.03 0.04 =+ 0.02 0.06 =+ 0.02 0.03 + 0.02

BASO(xlO3/ul) 0.00 =+ 0.00 0.00 =+ 0.00 0.00 <+ 0.00 0.00 =+ 0.00 0.00 =+ 0.00 0.00 =+ 0.00

Joyauaainunde + Annuranaialnavesdunds, n=10
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NIUN (UA./NA.)

AN 30 60 300 1,500" 1,500"
WBC (x10"/J41) 770 £ 042 723 £ 069 952 =+ 040 1162 + 144* 1001 = 0.72* 779 £ 0.60
NEU (x10*/ul) 137 + 016 18 =+ 023 212 = 022 28 =+ 1.19% 218 =+ 026 210 = 026
LYMP (x107/ul) 594 £ 028 514 = 052 690 = 029 808 = 050* 731 £ 050%* 531 = 055
MONO (x107/ul) 027 + 006 021 + 007 030 = 007 049 =+ 017 045 =+ 012 035 = 006
EO (x10"/ul) 011 = 005 008 == 003 020 = 008 006 = 005 007 = 003 002 = 002
BASO (x10"/ul) 000 = 000 000 == 000 000 =+ 000 000 = 000 000 = 000 000 = 0.00

Joyauaainnde + Annuranaialnavesdunds, n=10
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d' 1 A aa A =\ = I a di} [ ] a
M195194N 6-11 ﬂ1LﬂllﬂQUﬂIHLa@ﬂﬂJBQWEﬂHJLWﬁLNEJGI,‘L!ﬂﬁﬁﬂy'lﬂil'mlﬂu‘wyliﬂiﬂ‘llﬂﬂE‘ﬂiﬁﬂﬂ‘WilliJ

NIUN (UA./NA.)

AUAY 30 60 300 1,500 1,500b

Glucose (mg/dl) 17730 + 566 15990 + 750 14750 +  6.55*% 134.10 + 850* 13220 + 7.96* 1703 +  8.85
BUN (mg/dl) 16.12 + 199 1654 + 041 1576 = 123 1647 + 044 2750 <+ 1131 2132 <+ 0.53
Creatinine (mg/dl) 0.56 + 0.02 0.57 +  0.01 0.55 +  0.01 0.58 +  0.01 0.60 + 002 0.61 +  0.02*
Total protein (g/dl) 629 + 0.08 6.20 + 0.08 6.15 + 0.09 622 +  0.12 6.16 + 0.10 586 +  0.03*
Albumin (g/dl) 320 + 0.03 3.27 +  0.03 3.27 + 0.03 3.20 +  0.05 3.12 + 0.04 3.18 +  0.05
Bilirubin

Total (mg/dl) 0.10 =+ 0.01 0.10 +  0.01 0.11 + 0.0l 81.18 =+ 81.09 0.10 + 0.00 025 +  0.02

Direct (mg/dl) 0.18 + 0.02 0.17 + 0.02 023 + 0.03 028 +  0.08 0.22 + 0.03 0.11 + 0.01
SGOT (U/L) 195.60 + 26.12 22020 + 2237 16270 £ 9.09 21340 <+ 21.86 17820 + 21.36 20480 =+ 2198
SGPT (U/L) 5760 + 9.00 7770 + 1096 4970 + 535 7340 <+ 983 61.10 <+ 988 6320 = 779
ALP (U/L) 4320 + 292 4060 £+ 3.03 4190 £ 322 48,00 £ 790 4810 <+ 6.03 4310 <+ 394

Joyauaainunde + Annuranaialnavesdunds, n=10
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NIUN (WA./NA.)

AIVAU 30 60 300 1,500 1,500b

Glucose (mg/dl) 209.10 + 8.67 20940 + 1559 18140 + 1886 219.60 + 14.18 19640 + 949 17420 <+ 8.07
BUN (mg/dl) 17.52 £+ 0.46 1825 + 045 1729 + 0.63 16.59 + 0.32 1694 =+ 0.50 19.62 + 0.31*
Creatinine (mg/dl) 0.57 = 0.03 056 £ 0.02 054 =+ 0.02 6.09 =+ 555 0.53 £ 0.01 061 <+ 0.02
Total protein (g/dl) 6.11 = 0.12 585 £ 0.15 6.19 + 0.09 6.11 =+ 0.10 6.37 = 0.13 625 + 0.18
Albumin (g/dl) 3.07 + 0.05 303 £ 0.06 306 £ 0.03 3.07 +£ 0.05 3.10 £ 0.04 321 £ 0.06
Bilirubin

Total (mg/dl) 0.20 = 0.03 0.18 £+ 0.02 0.18 + 0.02 0.14 =+ 0.02 0.16 + 0.02 0.18 + 0.02

Direct (mg/dl) 0.09 = 0.01 0.09 <+ 0.00 0.10 =+ 0.01 0.09 =+ 0.00 0.08 =+ 0.01 0.18 <+ 0.07
SGOT (U/L) 193.00 + 13.81 158.60 + 9.13* 15230 £+ 13.61* 142.60 =+ 8.27* 146.80 = 10.34* 201.80 <+ 2231
SGPT (U/L) 63.20 =+ 6.35 6190 =+ 582 5460 =+ 527 5130 + 2.86 5440 =+ 3.99 8340 £ 9.42%*
ALP (U/L) 5580 =+ 2.51 5320 =+ 2.28 5290 =+ 1.59 5510 =+ 261 61.10 = 222 6490 =+ 3.40*

Joyaudanunae + manuAananlnAvesaunae, n=10
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Abstract

Brahmi (Bacopa monnieri (L.) Wettst. Scrophulareaceae family) has been intensively studied by
our group to develop it as a food supplement for memory improvement. In this project, we aimed at
preparing necessary information for technology transfer to industry. The guidelines on good agricultural
and collection practices for Brahmi, the Guidelines for analysis of saponins in Brahmi and the guidelines
for manufacturing of Brahmi tablets were established from the experimental work. Brahmi was ready for
harvesting 2 month after cultivation. The shoot of Brahmi which was 10-20 cm from the topmost of the
plant was collected, dried at 55 °C and ground. the dried Brahmi powder should contain total saponin
glycosides consisting of BacosideA,, Bacopasaponin C, Bacopaside I, II, and Bacopaside X not less than
1 % w/w. The standardized extract of Brahmi should contain not less than 5 % total saponin. The
production of Brahmi dried powder was approximately 40 kg/rai/month. The cost of tablet was calculated

as 2.3 baht /tablet.
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2. msfnyNasgIIngava s e

e

Y
I U v

AAseldisuiaiunasgiumsnquauamiagav Tasfiduneumsinsziiagaudad
M3IRsIEHaslag HPLC

Lﬂ%@ﬂ HPLC Wanlag Shimatzu Useneudie Pump: LC-20AT, Detector: SPD-20A, Injector: 20 puL
ﬂﬁ?*ﬂ%ﬂ“ﬁﬂ?ﬂJﬂW?ﬂ'gu 205 nm

ABANY] RP-18 column (150 mm x 4.6 mm, particle size 5 um)

Mobile phase: 0.2 % O-phosphoric acid: acetonitrile (65:35% v/v) pH 3.0 Tag U5y pH @18 SM NaOH
Flow rate: 1.0 ml/min

Calibration curve

VUNDUNITN Calibration curve a5 1211

1. WoINd 134193314 Bacoside A3, Bacopaside II, Bacopaside X, Bacopasaponin C Hai¥

Bacopaside I 911 stock solution 418 methanol HPLC grade el 1a 5 anadudy Taun
6.25 pg/ml, 12.5 pg/ml, 25 pg/ml, 50 pg/ml, 100 pg/ml 488200 pg/ml MUY
] k4
2. hmsuasguswin 1ane s anududuliu Catibration curve #28 HPLC

v
(Y4

(Y P d

TumoumsnsanmsanansuiitioInszinamnayulnsui

o ad Y A 9 A 1 (] A
1. dwsuiiidiumseuudanuameaauing Tasldasesuagosvinadyu lnsod1aeunso

A <

inFouaayu Twsva@n
2. weayu Insnsudiduusawes 60
3. FIMIWTNNUTIYU 500 mg

msanaayulnsnsud

o o

1. hddsesusnadunszueniagvia 10 ml Ne1Muguosntd?
Y v

Y 1 ]
2. MEINsUH 500 mg aslunszueniaen wuihinauyseans 5 ml e lvmansudiidlentinau
o 1 S o a Y q 9 a o 2
nndudassiindusendnnszuenAaeauriua ual ldmsnduiulaenszuenaae
Y 2 '
3. dnidseina s mludine’ld 24 $2Tua
a vy o g} Y
4. unzwisluesn ldMuguamiiesnlnvua
5. hmeayulwsnsudElenf 18 1daalu Erlenmeyer flask 187 184 95% tonuoa
151191 5 ml

) . <3| ~ 09)1 A 9
6. mulﬂ sonicate 1181 10 WA %']ﬂuuﬂﬁ@ﬁl@1lﬂw1$ﬁWiﬁga'lﬂGlﬁ‘Vlﬁ'JuﬁuW
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o A A A a 9 o . [ ]
7. hmnnmanay 95% emueadsuia 3 ml 1d21i1 11 sonicate 1luran 10 WA
A o a 4
aseuo1asazataiioii lUins 1z
o A A a a ) . I =\
8. WmMnnwasey 95% temuealsuiar 3 mi1i 1y sonicate Wual 10 WA N0
A ) a I oﬂj =&
msazaeenn I nszonasanil
9. Wasazatennioaluds 2.6-2.8 115U u03 11 volumemetric flask 14 18
151195 10 ml
o g} (;’JI
10. M%7 3 A3 (3 replicate)
Ay Yy .
11. N509E15AZA189 1Aa28 0.45 m nylon syringe filter

12. 'l evidae HPLC

a o d a (%
3. msﬁﬂmmmg1ums!ﬂ%ﬂuwaﬂﬂmmwwuﬁluszﬂuqﬂmﬂﬂ’i’iu

d' Y A < % a
. ﬁ’]‘iﬂcl‘lf!ﬂ‘iﬂutﬂmﬂﬁﬁﬁﬂﬂW’iNN

) [ Y
WNWINY 500 NTY ﬂjgﬂau@]jﬂ

ATANANTUY  225.0 N5Y (45%)
sl 1 137.5 A5 (27.5%)
asnulsum 2 137.5 05U (27.5%)
ad = a
ABIATUNNINTH

Y o

C wave S 1 uag 2 luaseawauiidnn

[a——

1 a @ a A a g’ A Y Y I dy = Y]
2. 19y 9 L@]‘JJﬁWiﬁﬂﬂWﬁﬂJNﬁﬂumiﬂﬁNﬁﬁJ L@]M‘L!TLW@WET?JGLWLGU”IL‘IJHLHGMEJ’Jﬂ‘Ll

a =

o ] ] 4 9 o d’ n'/
3. 'lﬂhl‘lIN”IuLﬁ\T 13 16 Llaﬁuﬁqﬂﬂﬂﬂﬂmﬂﬂﬂ 45 9IAUBATOE U1 24 F 119

U

Y
4. s aues 18 anasenauinlile

Y Y
5. M IAANNFUVEWNTYATTANANTUUAISIT Loss on drying NOUNTAIAITY
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m‘snﬁ 7-1 'ﬁ'J‘L!Wﬁllf‘ﬂ‘ﬁT]_Ifﬂﬁmai‘Elllfl“?JﬂfﬁﬁffﬂﬂWﬁilll“U‘Lﬂﬂ 300 Yaansy

e aulszneu Sueu (3iaansu)

1 HaUEIanANT Ll 667.00

2 asuiiulSua 13.62

3 ATFIVUANA 37.50

4 asyeileamsanann 22.50

5 asnaeau 1 7.50

6 asndean 2 1.87
s 750.00

Y a @ a
HNBLTIA: 1UWQLLﬂQWiNNﬁﬁ1iﬁﬂﬂWiNN 45%

= U

v. ABATENTIUHAY uazm‘manmmaﬁmﬂ?ﬂum!ﬁﬂm‘;af"fﬂwsuﬁ

'
o 1 a

1. dhausauasiulsnaaslulnsualdazdea

] 1

A v v o A Yy & & a o
2. WAIUNTUDU ) NN WIVINEITANANITNY wmﬂ,mﬂmﬂumammﬂu

0 Y o a Y Y o I dy a2 o
3. UINLHAIFITANANINY Wﬁﬂﬂ’l’il"lﬂﬂ‘lilﬂl!l,u’é)l,ﬂﬂ’)ﬂu

] H E4
4. ' hlaendruniesnensufiauunlylvih TaslHhuaanitiduriuguinais % i Tasld

= 31 o < a A a o <
VU UNYUUANTUY 750 UaanTUAoLUA

A <
N1INADUVUNA

1. 1@ Methylene chloride : Ethanol (1:1) adluiininesvina 1 aas udaness Tisema HPMC (15
cps ) ad I luaumaniazfosauriua imsniulaely magnetic stirer PIUAABANIAITOIU

v & A < < A A [ v o
HPMC Waduaun Iﬂﬂﬂglﬂulﬂi‘lﬁ”ﬁagﬁ"lfﬂﬁﬂllﬂ’ﬂllﬂﬂﬂ ‘ﬂ@\iﬂuﬂ"ﬁﬁzlﬁﬂ%ﬂﬁﬁ?m1a$a1ﬂ

Taetlaae aluminium foil

] 9 a Y [~ tﬂy = @ F% 1 5 Y
2. L!UQﬁ15ﬁ$a'IEJGlu"U’E] 1 191y PEG—4000 ﬂuslﬂa%ﬁ'IEJLTJuLu'f]l@ElﬂﬂuL!ﬁ'Jlﬂﬁ'JuNﬁhﬂ\?ﬁllﬂaﬁslu"llf]

1

] . . . . o [l 4 H < Y
3. 111 Talcum ttag Titanium dioxide Ay lddnnuluIngansziilosnuiaazazoaliduiluiilo

= [
RYINU

4. wisveswanlude 2 Uszana 500 iadans wuasluvesnaude 3 udifneeq navasavaIeeE

Y Y Y o I dy = [
H19) Nﬁﬂmmﬂmﬂumm%mu
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) 1 { { A Aaa [ 3 4
5. hduwaunlalude 2 Amaedszana 200 Naaaasaesmadlumsazatede 4 lhiluile

= U

RN U

= a A 3, o Yy 9 9 Y 49’

6. WANANAVDIIT AW 973 TWINAU ANUINTY 4%w/Ay) INAVDINENTD 5 19Tl uile

= U

RN

[ a 9 1 . Y o

7. UYSuUSHAsIUATY AI8EIUNANYDY Methylene chloride: Ethanol (1:1) Taalumswaulvinins

Ua11nn¥uL A28 aluminium foil NPAANITLINBVDIF ALY

FAMz@MSUMIna UL UTANINT

nioIAAOL Thai Coater
HINANY IWATA

<3 9
AN lumsnyunse 20 rpm
ANUAUAYN 2.5 bar (psi)

gurginelunTes 45-50 osruwaiFod
gauiilaseoan 40-45 oarmralFe

a <
sumen 2,000 139

9
USuaheundon 1,000 Haaans

4. maviannganageva s Uil uadwswsni
4.1. MmswanasgRuMUIUDNe UInauaasa bacopaside I Uz bacoside A,

an = v ay .
4.1.1 I5MIAIBNAITINVHNAIUNIY (antigen)

a

o = 1 a g . o A 1 . = 9 I ]

MMINTONAINBYUAIUNIY  (antigen) 1ABINNIFOUAD bacopaside T F3lamiluasnogil
9 o o d' 1 % = A (] d' 9 o d‘ 1 [
aMumuihuimarenaenuTlsauni Tuanalvgieasaualinu (hapten) Tasiiinmsisounoni
T15AU bovine serum albumin (BSA) 482 human serum albumin (HSA) Iﬂ&lﬁ1n1ﬁ1ﬂﬁﬁ§ﬂ1ﬁﬂﬁﬁ

. . o A Y =) ax @ o o Aaan A 9
sodium periodate (NaIO4) LLﬂ$1/I'Iﬂ'IiL°If’EJ§J@]’E]ﬂ‘]JIﬂ'B'WL!IﬂEJ'J‘ﬁﬂ1§ﬁ'ﬂlﬂi1$1’il!ﬁ$ﬂ1ﬂ§]ﬂiEJ'lL“W’E)ﬁiN

Y
v A

=
nalmuiae

1. 1938081502019 bacopaside I 4 mg 11 methanol 0.5 ml
2. 1A3UA1582A10 NalO, ANMIANAY 4 mg/ml $1191 0.5 ml
1 a 9 9 9 o 9 1 <3
3. aeg@Nalsateatelute 1 asluaisazarelude 2 %19 uaziimsauaisazaie laelwuman
I~ o ~ a 9y
AU IuNal 192133 Ngungines
4. @Nd15aZa18 BSA mmvﬁ’wﬁ'u 4 mg 11 @1502a1® carbonate buffer (pH 9.6) 1 ml LAZMINITAY

[ o A a 9
gsazaratunan 5 %3111\1 NYUHHUNO

U
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] Y 1
5. ensazanen 1ari Y dialysis Taeldriwazsinliuia TaelnTeq lyophilizer

09;’ o d' 1 [ = Y
NNUURIMIATINToUNMs oAy 1UsaU Iaal4I5 MALDI mass spectroscopy

dmSumsmseua1sneniAIUNIU bacoside A, $181835 1AM

Y Y Y a Yy
4.1.2 manszgunylAadaansgidiumy

o 9 Y Y a g o = Y . A
‘V]Tmiﬂi%iﬂl&ﬁlﬂﬂﬁiﬁﬁﬁgh@nuﬂ11! Iﬂﬂﬂiﬂﬁﬂﬂﬁﬁﬂizﬁ]u bacopaside I-BSA 1179

I a o o o
bacopaside A,-BSA 1917151411991y (mouse, Balb/c strain) 90 2 dlai Tashimanszduny

E4 1 H

~

(% = 3 = [ A :/I o Ao Yo = 9 o
MNUATATI @]’]Mﬁ’lﬂaglﬂﬂﬂﬂﬁgﬂm 7-7 NUUUIETY  (serum) HUN ATUNITRATITNITAUNININIG

a a9 a, .
Glﬁ'ﬁ]ﬁ'ﬁ]ﬂﬂ'l'ilﬂﬂﬁ'l'i@jNGHU‘V]'IHT@EJ’J% direct ELISA

BALB/c male mice,5-weeks-old,

~ T Firstimmunization
Antigen :Ba I-BSA 50 ug /mice, Intraperitoneal injection
2 weeks < 1:1 emulsion in Freund’s complete adjuvant (0.5ml,100ug/ml Ba I-BSA)
~ —+ Second immunization

Antigen :Ba I-BSA 50 ug /mice, Intraperitoneal injection
1:1 emulsion in Freund’s incomplete adjuvant (0.5ml,100ug/ml Ba I-BSA)

2 weeks <

Collect serum from Mice
Check reactivity by Direct ELISA

— Third immunization
Antigen :Ba I-BSA 100 ug /mice, Intraperitoneal injection
(0.5ml1,200 ug/ml Ba I-BSA)

AY4

Collect serum from Mice
Check reactivity by Direct ELISA

2 weeks <

\_ _| Lastimmunization
Antigen :Ba I-BSA 100 ug /mice, Intraperitoneal injection
(0.5ml,200 ug/ml Ba I-BSA)

R Collect serum from Mice
Cel]_ FuSIOIl Check reactivity by Direct ELISA

a v ) ay
5‘1.]‘“ 7-7 LlNuﬂ’]Wﬂ’liﬂi%ﬂu1ﬁH1ﬁﬁi’Nﬁ’]iall@nuﬂ’lu

U

4.1.3 MIMaONIBAATINA VA 13023 (myeloma cell)

o J o J { a 1 .
Vl'lﬂ'lﬁwaf]lll,“ﬁaaTﬂElfniu'll,clfa'ﬁ%'lﬂfl}'lllm@ﬂﬁgﬁﬁ%ﬁﬂﬁ1iﬂu€ﬁu%’luﬁ@ bacopaside 1 iag

U
F

4 v o y { @ a
wad B laun (SP2/0-Agl4) mmaunutazii luiumles 91niudy polyethylene glycol (PEG) ad'ly
s A o J o dy s [e) . Y
lugaametielumsvasusmiuveusaauazsiinms@eusaan 37°C/5 % CO, incubator gl
. < g J o o v A a 9 . o o
HAT medium uemnsiasayad nntivihimsaadonyad laus Taunlaeld HAT medium 91miuii
Y Y
m3iaeall 5 Jundnidau supernatant ¥9901IMITIRBNTIMIATIVFOUMIHARTITYIATUN L TAY

a 4 s a a ) 7 < S A I
3% ELISA e ldaannanmsgidunuudaiimsuenasadn 18 14l usadifers Taeldis clone
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by limiting dilution #8491 14 1aTatliAeq NensondamsgidumuuInweRzinmaIvdou
k% = c?j
14 Tae ELISA 8nA5

dmSumamseua1sguAIUNIUAD bacoside A, H1R1835 1AM

o % ay a Qd
4.1.4 mamdansgisumunuuselulnaueausgns

Q

2 Y
mims@eawe Tulaavau Idsnamsgidmudaumnniisaneainiiuii supernatant

A
=

4 H
Y0901 IIzae a1 gid i IquSqns 19 protein G column Tumsuenaisgiidiumu
[ [ [ a9y Y % J
ponu lagolfenanms lumsduny  Fe  vesmagidumuuazuenaisoanu laglgasivives

(buffer) N3l pH @1
4.1.5 MmInsaeaa@uiivesmspimumunuuuelulnavea

RMIasIdoUnUaulAlUMTIUAY bacopaside 1 130 bacoside A, LazA15OUNIFAT

U

' <
Tassadalndifoaiunna1sgidumunusgns 1aeds competitive ELISA  taziinns1uimman

a

AU UM 9URIE T gRATUNIUN [AdDa1I¥TiAA197 (cross reactivity) AIMIBA15UDY Weiler

1ag Zenk (1976)

concentratonof bacopasidel

yeildingA/ Ao =50%
concentrationof compoundunder
investigaton yeildingA/ Ao=50%

% Cross reactivity = x100

A is the absorbance in the presence of the test compound

A, is the absorbance in the absence of the test compound.

o a d a 1
4.1.6 ‘mmsammzﬂmﬂimmminqu pseudojujubogenin glycosides {t8s jujubogenin glycosides

A af Ay
%1ﬂW‘UW§NNiﬂU?ﬁ ELISA

a < a 1 R . . Y aad Y a
G]i’J*ﬂ’JLﬂﬂz‘Viﬂﬂﬂmﬁﬁﬂqm pseudojujubogenin  glycosides ﬂ’JEJ’J‘ﬁé)llaGmIﬂElGl‘]fﬁﬁgiJ
9 = a =) an a 4 a @ dy
aumuue TuTnausannivayu lnswsuiinuswazdeasms anszimlsuaaad

1. IAUA1582018 bacopaside I-HSA ANMYNYIY 1 pg/ml Naza18R28 carbonate buffer pH 9.6
aslu 96-well plate wauag 100 ul UNA 37 sermusadod w1 $21ug uazdnaie

0.02% tween 11 phosphate buffer saline (T-PBS) 3 A54
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A . . = Y 9 /3 .
2. KWUNWUUNY (skim milk) NANUVUYU 5 Wosidua lu phosphate buffer saline (PBS) 11U
a oA = M) 4 k4 091’
az 300 Tulasaas Uuh 37 esrusaiFod w1 1 %2109 1aga19a28 T-PBS 3 A5
A i o = I4
3. 1ANATAZA1OUIATTIUVDY bacopaside 1 Nmsdeelummuea 20 nosisudnim
A UAN viguaz 50 ul viemuasanadedsihimIealumwmuea 20% vquag
50 ul SwAuANLEUALEARIN | uoTulnauoauss bacopaside I Naza1wAI0 T-PBS Mg
o Y 9 o 9 A l a = oA ~
az 50 pliimswanlddnnulesldmsowvar 30 N UNA 37 osrugaiFod U
' Y
1 %2739 1agd19@8 T-PBS 3 A54
4. IANOUAVOAAIN 2, POD anti-mouse IgG aza1slu T-PBS ¥iguaz100 ul LN 37 03e
' Y
waea U1K 1 9 1ue wazdnadie T-PBS 3 AF4
Y v
5. IANEIAIAY (ABTS 0.3 Haansuaeiadaans, H,0, 0.03% hagatelu citrate buffer 0.1 M)
NQUa100 ul Ui 37 0IRUFATHE UIU 20 U
6. 1hhlSasimsganauuasdroniosenlu-Tasmansiaiad Tnuafia1n21ud 405 nm
7. MM gANAULAIURITsANANIIANNTNTUYeILT I IMAISNGN  pseudojujubogenin
Tagn/3ouisniuaINITgANAUIAIYeIAITIIATEIN TasdudaaInmsing vy

~ Y Y
WIATTTUNANUVUVUAN

9
v =}

a 4 a 1 [ {
MINTINWATILHMUTIVUEINGN  jujubogenin  glycosides VUUADUNIINAADUNNOUAIN

v 9 9 =~ 19 9 . . 9 a9 1
AAMIMIUIAY 1Nea 1% 615 bacoside A, N bacopaside 1 taglsasgiaiumuye lulaauoadns

bacoside A, [INU bacopaside I
[ v a < a
5. MIMUIUAUNUNINAALUNANITNN

H b4 4
Auadunumssaansuiausemsm lgaeinadu saludumsnaaiagau ms

a L4 <
AUATIZH LLASNITABNYUUA

u a

6. MINAINGHINAIHIUNITLIUMSHAN IngALNAzHAN B iWsH

Q

v A g A A4 g A wa
5’J‘]Ji’Jllﬂlﬂyjaﬂlﬂﬂ’f]ﬂl’ﬂﬁﬁnﬂﬂ"ﬁﬂﬂaﬂﬁ‘ﬂNﬂ!lﬂ FITUNTITIUNNYIUVUD uazmsmamﬂgm
ﬁ]?ﬂ ué”;ﬁauﬁamaz%’ﬂﬁmumNmsmymﬁmuwauﬁmi"uwmﬁ uu’mnmﬁmﬁzﬁmim

a a a < a
Tauluesgu I wswsuil nuanme nszuaumsnaneudaayu Twsnsud
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UNA 3

Wan1sIvguazenNisena

1. M3ANBINIVENY scale Mytgnnsadinazanasgiumsilgn

9Ya o Y o a l ' 3 A 9 o o R
Fq\!']i]ﬂulﬂﬂ1ﬂ15lw1$ﬂgﬂW§3Jll Lsazag“lu‘szwammsmmamumm llﬂ‘]/]'lﬂ?ﬁ‘]_lu‘ﬂﬂﬂ1ﬁ

a a 1 1 a Jsa  Aq Y I [ ~
IaD Taauyananee samsungrauilslumsilgn udwmsei 7-2

Y a I
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Soil Texture Sandy Clay Loam
pH 6.491
% BUNIHINY 1.46
Total Potassium 1499ppn1ﬁ§®01m0196
Total Nitrogen (%) 0.0091
Phosphorus (%) 0
Total Cadmium 517.589 ppm %30 0.052 %
Total Lead 17390ppn1ﬁ§ﬂ(1001796
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A 1
MIANBIANYULNIINITATNNIN macroscopic A431/91 7-8 LlaZANYALNII microscopic 910

a o

g . o 9 ~ =2
N3N section Guaﬂmmxamuwm ﬂﬂgﬂ‘ﬂ 7-9 0 7-11

3 1 7-8 Bacopa monnieri (L.) Wettst. (aerial part)
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collenchyma

phloem

xylem

epidermis

31U 7-11 Srdumsuil
a 4 { {
musaiswsuiineldndesqanssal Wy reticulated vessel (37 7-12), trichome (311 7-13,

3 17 7-14), epidermis (§ 17 7-15), stomata (gﬂ‘ﬁ 7-16), parenchyma cell (§ 17 7-17)
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gﬂﬁ 7-13 trichome

20 ym

gﬂﬁ 7-14 glandular trichome
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3UM 7-15 Epidermis

gﬂ‘ﬁ 7-16 stoma
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g‘l.lﬁ 7-17 parenchyma cells
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MIADHINUANUASNIYNTINOUY
o a A o P4 @ dy
Amsavquasnwayu lnswsuliaismua 13 lu Thai Herbal Pharmacopoeia 9414

- wminfime 1UMaeanseuuia (Loss on drying) 4.04+0.02 %
- Usinaarsuilasy (Foreign matters) 0.06+0.01 %

- Syaesananazaieii (Water-soluble extractive) 4.12+0.49 %

=

- fSumaisanaiazaie ethanol (Ethanol-soluble extractive) 5.70+0.32 %
- YSnmesanafiazals methanol (Methanol-soluble extractive) 25.67+0.46 %
- lSyaesananazaie petroleum ether (Petroleum ether-soluble extractive) 0.35

+0.03 %

mmrivamnamidSinamsa il unsud

A @ a o 4 a Yo o R o 4

L‘Ll’ﬂ\ifl]'lﬂfN]lllllﬂ'liﬂ'l‘Vi‘L!ﬂ!ﬂill°'Ifl3J'W’liﬁ'l1«!"llE]Q‘Wﬁlllaluﬂiglﬂﬁll‘ﬂﬂ AUTHIANIWNIHUALNUN
a a :/‘ o A a A 9 AqUd @ a o a o J a a
1Jimmmimﬂﬂuumumﬂmsﬂum‘wmmmw“lmﬂu’mqﬂualumimwammmLﬁiummi‘waw

9
Iﬂﬂi’]ﬂi’)u%]ﬂﬂu%%ﬂﬂ]ﬂﬂl’lﬂﬂ uazaelseimnaail

Tasamseosn 7 7-21



=< . ~ 1 A Aa S Y
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1.21 £ 0.14%w/w
Gl = . ~ 9 [V a Aa
UMIANYIVRY Sairam Az 1wl a .7.2002 ldesanaanayu Inswsuiidiueoaiil
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1 a {a o
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an (Aa
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9 = 1 Ay Y 1 < Y [ ad (a
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mannzvasa Ui lunsuliale HPLC
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0.0 2.5 50 75 100 125 15.0 175 20.0

min

51 7-18 daeee Tnsun Insunsuvesansanansui AnNTUTY 0.02 g/mL 1INMIAATIZHAIY
HPLC # 205 nm (1 = Bacoside A3, 2 = Bacopaside 11, 3 = Bacopaside X, 4 = Bacopasaponin C,

5 = Bacopaside I)

N15M calibration curve WUﬁWﬁWi“ﬁﬂﬂﬁNNMiﬁ?M Bacoside A,, Bacopaside II, Bacopaside X,
Bacopasaponin C 1182 Bacopaside I 1%ns1vidunsaianudindu 6.25-200 pg/ml (319 7-19) ozl
LOD: 1.56 pg/ml.
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ﬂ1§1\1ﬁ 7-4 Nam‘nmiwwﬂimmmmﬂﬂuuiumwauuuﬁlﬁ

% wiw Average SD
Bacoside A, 0.169 0.033
Bacopaside 11 0.319 0.034
Bacopaside X 0.187 0.032
Bacopasaponin C 0.186 0.032
Bacopaside | 0.364 0.046
Total saponin 1.162 0.098
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nwunimanuiesedlunusinmuzay 10egInNA1 intra-assay 1102 inter-assay RSD g 11324 1A 10
ng dyo/ v A 1 J a a L4 a a A 9 1
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TudunouveIns ALY WOANYIANUYNABIVEINIIAATIZH TasTaninadiunlesisuanisnaunu
A . o Aa [ ~ = Y y
(% recovery) YBIETINMTIANET bacoside A, 4 11 luensanansuluaanen1sei 7-8 azimiulain1a
S 3 4 v A ] [ (=] Y a d A Y] 9
nosisuamsnduiueglurig 93-96% naasniianugndesvesmsinsziod lunuaineousy 1
= <3 Y1 ax ~ 9 ay 1
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M15190 7-6 A1 cross reactivities (CRs) ¥o4en3giammuuyy TuTuTaauas bacoside A, ABEITIN

535umA¥Han1ee lumsnageuTaeldis ELISA

Compounds Classification % Cross reactivity
Bacoside A3 Jujubogenin glycosides 100
Bacopaside X Jujubogenin glycosides 84.77+4.61
Bacopaside IV Jujubogenin glycosides 64.50+5.93
Bacopaside | Pseudojujubogenin glycosides <0.01
Bacopaside 11 Pseudojujubogenin glycosides <0.01
Bacopasaponin C Pseudojujubogenin glycosides <0.01
Bacopaside V Pseudojujubogenin glycosides <0.01
Albiflorin Monoterpenoid glycosides <0.01
Rebaudioside A Diterpene glycosides <0.01
Ginsenoside-Rb1 Triterpenoid saponins <0.01
Ginsenoside-Rd Triterpenoid saponins <0.01
Ginsenoside-Re Triterpenoid saponins <0.01
Glycyrrhizic acid Triterpenoid saponins <0.01
Saikosaponin a Triterpenoid saponins <0.01
Saikosaponin b2 Triterpenoid saponins <0.01
Saikosaponin ¢ Triterpenoid saponins <0.01
Saikosaponin d Triterpenoid saponins <0.01
Sennoside A Anthraquinone glycosides <0.01
Sennoside B Anthraquinone glycosides <0.01
Baicalein Flavonoids <0.01
Hesperidin Flavonoids <0.01
Naringin Flavonoids <0.01
Baicalin Flavonoid glycosides <0.01
Plumbagin Naphthoquinone <0.01
Pepstatin A Peptides <0.01
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M15190 7-6 A1 cross reactivities (CRs) ¥o4en3giammuuyy TuTuTaauas bacoside A, ABEI3IN

535umA¥Han1ee lunmsnagenTaeldis ELISA (d9)

Compounds Classification % Cross reactivity
Magnolol Phenylpropanoids <0.01
Swertiamarin Secoiridoids <0.01
Stevioside Steviol glycosides <0.01

M5190 7-7 AIAUNEIVDINT INTIEHIILTUIUETT bacoside A,A283T ELISA

ANMUIUTUVD bacoside A, Intra-assay RSD (%) Inter-assay RSD (%)
(ng mL") (n=5) (n=3)
12.20 3.61 5.13
24.40 2.95 4.76
48.80 4.08 5.88
97.70 1.54 3.80

d' J <3 4 v A a . @ a
M3197 7-8 1WoSIFUAMITNAVAUVDITITNINMTANTIS bacoside A, m"lﬂ“lummﬂﬂwsm (n=3)

AN U4 bacoside A, Muan T Tuasadansui

( _1) Recovery (%)
ng mL
12.20 92 55
24.40 95.07
48.80 96.11
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$ a ' a a 4 a,
M3190 7-9  UTu1ma13ngu jujubogenin glycosides MNNFWINNINNITUATIZH 17T ELISA Loy

HPLC (n=3)
% total jujubogenin glycosides Tunsui
AIUVDINTU aafifufen (average=SD)
ELISA (n=3) HPLC (n=3)
gon’ ey 1.490.11 1.310.04
991U 1.30+0.35 1.21+0.14
nasou 1.23+0.27 1.19+0.03
drumileduiidasen fgeu 0.57+0.09 0.51:£0.04
GRONE!
991U 0.96+0.05 0.85+0.10
9asou 0.73+0.12 0.57+0.08

o 1

gon Ml IumMipAuYeINsUINAnINdumseagaalzIm 10 cm

A13197 7-9 HEAIHAMI AT 1RSI jujubogenin glycosides 3 Tumsuiiludiusenuas
drufidasonnon liudrluggmasiey Taefieududs HPLC wudmaseninaoandesiu Tasfimd
18910 ELISA fegqaniudniios onaszfiumaizhnnmsiinngy HPLC is1ins1zrans 2 dafuflu
N jujubogenin glycosides B9A® bacoside A, 112 bacopaside X Tuvaizfilu3ime ELISA o191dan
311290 jujubogenin glycosides  A10uq i liie1n3alddre HPLC f14 mM311E1s monoclonal
antibody Ao bacopaside A, LIAi¥ bacopaside I mﬁmuﬂ%’iumﬁmmzﬁmamju jujubogenin glycosides
1182 pseudojujubogenin  glycosides i nguiave lasumanuaivayulumshiiteszrnainide
ﬂizmﬁ”lmuazﬂizmﬁmiﬂu ( NRCT-JSPS) 91n@ 11 AUANEATTUNITIVOUNISIA 11 1ATINS A5
wanensid iy TuTuTnaude bacopaside I 1182 bacoside A3 ifionIUANAAMNIAZS U5
o o

ugayulwsnsui @ 2552) uagldswaumsiaunganaaeulagdd  ELISA. Estern blotting 112

immunochromatographic strip l1lusrearumsIteaenan
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m319 7-11 mlFnelumsanaayu lnswsui

ml¥ae MIURY (VN)
MUV 1,500
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Guidelines for analysis of saponins in Bacopa monnieri (L.) Wettst.

a J a a a A lel d'dy 1 IS
Tumsasznmlsnaasan Tdduluwsuliwomsaruauasmntiv Tuniinisesmily

1 a 4 a a a 4 a <
2 dufe Mmyuasztan s Tuaulupansuiiuie tazmsiasizian Tdulueudia

= a d Ia a a
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ﬁ' A d' Y
IR NENG) !!a%ﬁﬂ])%ﬂ]iﬂﬂﬁﬁﬂ‘yﬂ‘h’
HPLC system:
1. Isocratic 1130 gradient pump
2. Ultraviolet Detector 19333399 205 nm 18
&
31309152 17aMA
4. Injector 20 puL loop
Column: RP-18 column (150 mm x 4.6 mm, 5um particle size)
Mobile phase: 0.2%O-phosphoric acid : acetonitrile (65:35%v/v) pH 3.0 Tag U5u pH A28 SM NaOH

Flow rate: 1.0 ml/min

Calibration curve
Y
VUADUNITNI Calibration curve a15%71 1211

I. L%’Oﬁﬂﬂﬁ”ﬁll”lﬁii”lu Bacoside A3, Bacopaside 11, Bacopaside X, Bacopasaponin C tlag

Bacopaside I 910 stock solution A28 methanol HPLC grade el ld s anandudu laun 6.25 pg/ml,
12.5 pg/ml, 25 pg/ml, 50 pg/ml, 100 pg/ml 4a%200 pg/ml MUY

[ 9
2. thasuasgusaui 14ne s anundudu 'l Calibration curve A28 HPLC
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° aa 1 o
1.2 umamgullmwmummmmm 60

1.3 Fapanwsuidsuna 500 mg
2. msanaayulnsnsud

o o A a Y = A Y Y
2.1 NAQT93UTNIUNUNTEUDNRAYIVUIA 10 ml NDINUFUDDNLAT
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2.2 MHINs U 500 mg avlunszueniae @whnaulszanar 5 ml e Iimansui
= 3’ u’z aa/‘ 1 09; o'J = 9 9 a -9
dleminau mmindaesiinausenainnszeningiaurua uarldmsiuiulaie

=
N32UBNANY

2 2 '
2.3 @nilszana 5 mludanaeld 24 $2Tuq
v

2.4 unzwislueen I¥Auguawmieenlivua

2.5 ey lwswsuiiidloni 1 1daslu Erlenmeyer flask 1d7 181 95% tonuoa
U3 5 ml

o . < ~ o A o
2.6 1111 sonicate 1Tura1 10 w1 MiunIRUR URWIZENTazane landunh

o A A A a Y o . I =
2.7 hmnmaean 95% emueadsuias 3 mi ud11i11) sonicate 1Huran 10 w1
A o a 4
AseuIAITazaeio lins e
o A A A a o . I =}
2.8 thmnmaody 95% emuealsuiar 3 ml 111 sonicate 1Huna1 10 W1A nTo4
A ) a e oﬂj =&
1T sazaedini lmszionaTanil
2.9 T sazaenniealude 2.6-2.8 11USuUST 1851 volumemetric flask 197 ka1
151195 10 ml
o o 2
2.10 M1 3 A3 (3 replicate)

2.11 nsedansazanen laale 0.45 m nylon syringe filter

gﬂﬁ 5 71505091392 A0AY 0.45 m nylon syringe filter

2.12 ' l1Aas1evidae HPLC

2.13 hnaadsnaarss 1Uuu Tasf1uan peak height Y9963

Bacoside A3, Bacopaside I, Bacopaside X, Bacopasaponin C i8¢ Bacopaside | MeUny

Calibration curve @15%111)3u
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a d a a
v. msanszilBinamsaldivlueudaaalnsnsud
g.’l =S [y v < o v ) a d .
YunaumansnmIagead Ui I mazvividSna saponins
° 1 o ] I~ <
1. M guaIpg e ulai UL 10 1A
) gl Y] 1 < o R r?l o k4
2. ¥uihminvessuaazdavazaiunnimiin
<3 1 [~ ] .
3. uaaguaaziiauallaaaly volumetric flask Y11A 25 ml
a Y o . 1< & 1 ]
4. @uumueaad ) 7 ml 1d2111 sonicate Hurar 10 % Fanunen lianse
) g ) " a , o o \
azanglanua uavziduaznouduqegusnudunisus sndni linseseunmzdiu
d’d 3
msazaenlanyaus la
o [ A & ] Y a a = usj
5. ihaumiuaznouldasly Erenmeyer flask tiaa@uumueailsuim 7 ml 9nase
Y o . I ~ 1 L o g’ = 09/)
udir sonicate 1111781 10 1IN psBUDIEITAaza1e l@d UM 10N 1 A5
6. e saza1ennsodla 11155110310 volumemetric flask 25 ml @28Muoa
7. A509@15A2A1890 JAA28 0.45 um nylon syringe filter
o a 4
8. 11'lAns1¥ide HPLC
) o a a < a o
9. hwndinadSunaasm ldiulueudaayulnsnsud Taoduanan peak
height ¥93815 Bacoside A3, Bacopaside 11, Bacopaside X, Bacopasaponin C Laig

Bacopaside | NBVUNY Calibration curve d15%1 111U

a a d
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< a g A (A Aa ~ 9
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gﬂ‘ﬁ 6 Bacopa monnieri (L.) Wettst. (aerial part)
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- vhminivelndamseuns (Loss on drying) 4.0420.02 %

- lsuaasduilasw (Foreign matters) 0.06+0.01 %

- ﬂ?mmmsaﬁﬂ‘ﬁazmmﬁw (Water-soluble extractive) 4.12+0.49 %

- lswwansa ﬁﬂ‘ﬁﬁzﬁW ethanol (Ethanol-soluble extractive) 5.70+£0.32 %

- YSmarmsadaiiazas methanol (Methanol-soluble extractive) 25.67-0.46 %

- lsmaasan ﬂﬁazmﬂ petroleum ether (Petroleum ether-soluble extractive)

0.35+0.03 %
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Ysunaasan Tliududnastlumansuiinianlniluiagaulumsimdasuaesuemsngui
a o 1 % dy
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INMIANYIVOY Phrompittayarat azame 1uil A.7.2007 wuNasen Tdundnszd 1ann
dauveavosayu Insnsudluggduifina 139 = 0.04%ww ez lugaruniilsnm
1.21 + 0.14%w/w

Tumsfiny1ves Sairam vazame il a .#.2002 Idasanannayu lnsnsuddrueeniil
snamsen Tiued 1.2 %w/w

1 a {a o
Tumsfny1ves Ganzera nazamz Tuil a.#.2004 wunasan Tiundmsizd laTuayulng
Aan (A
WsuNs I 1.67 %wiw
= 3 dy 1 A Aa N ¥ 1 an Aa
uaz lumsdnmiassinunasen Tduinszd lavnindiugeavesayu lwswsuillsu
1.3 +0.2 %w/w
9 =® 1 d‘ 9 1 <3 Y 1 ad (A

nndeyamsanyagd lanaunzmiulandiuvesseavesayu Insnsuiilsuuas
w1 11iumae 1.3 %wiw ilothwndunuaudeuuu 30% anwah ladiuvessoavosayu Tnswsuiill

Usunaess Tiiiued1atios 1%w/w
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Shimadzu HPLC system: Pump: LC-20AT

Detector: SPD-20A

Injector: 20 uL
Wave length (}\,): 205 nm
Column: Luna RP-18 column (150 mm x 4.6 mm,5um particle size)
Mobile phase: 0.2%0-phoephoric acid : acetonitrile (65:35%v/v) pH 3.0 Tag 15 pH
@28 5SM NaOH
Flow rate: 1.0 ml/min
mV S = sweseevmene b o
T T . PetAcn

Detector A: 205 nm

1
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50- | \J\ | l i |.
- ,f
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l I\ \ A / \
\ | \ v
0 J f"*\‘;dér'; Lt e _i'r_:y_’i S = -
e i T T s e e By B T
0.0 25 5.0 7.5 10.0 125 15.0 17 5 20.0

$ Y 1 @ a A a 4
E‘l.l‘ﬁ 10 ﬁ'Jf]EJ'NIﬂiiJ'lIWiLLﬂﬁiJell’f]\‘]ﬁ'liﬁﬂﬂ“Vﬁilll ﬁﬂﬂ'lﬂJL"i,l,iJ“lglju 0.02 g/mL ﬂWﬂﬂWiﬁLﬂiWZW@g{ﬁﬂ HPLC
~
N205nm (1=

D

Bacoside A3, 2 = Bacopaside II, 3 = Bacopaside X, 4 = Bacopasaponin C , 5 = Bacopaside
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11591 calibration curve AMITUTUYBIEN T T THUIIATFIU: 200, 100, 50, 25, 12.5 and 6.25 pg/ml.

LOD: 1.56 pg/ml.

Bacoside A3

90000
80000~
70000 A
60000 -
50000 A
40000 A
30000 A
20000 A
10000 4

y =402 1x + 5621
R==0.4999

Peak height

0 50 100 150 200 250
Conc.

Bacopasidell

90000 4
80000 A
70000
60000 A
50000 A
40000 A
30000 A
20000
10000 A

Yy =407 9 + 7T12.7
R2=0.899

Peak height

0 50 100 150 200 250
Conc.

Bacopaside X

50000 -
45000 4
40000 A
35000
30000 A
25000 ~
20000
15000 4
10000 4
5000
] T T T T 1

0 50 100 150 200 250
Conc.

y=2184x + 6088
R*=0.998

Peak height

519 11 Calibration curve @151 13w

UG
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BacopasaponinC
50000 -

45000~
40000 ~
35000 A
30000
25000 A
20000 A
15000 4
10000 4
5000

y=2187Tx +332.7
R==0.908

peak height

a 50 100 150 200 230

Conc.

Bacopasidel
40000 -

35000 A
30000 A

25000 1 y=174.0x + 567.0

SO000 4 R2=10999

15000 4

Peak height

10000 4
5000 A

0 T T T T 1

0 a0 100 150 200 250
Conc.

g‘lj‘ﬁ 11 Calibration curve @15%1 1JHU(AD)
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Accuracy and Precision
Y ] ) Qdd’ Y d'dy o
MINTIRABUANUYNABWAzANUILUEVEITN 1Flumsnaas Tuntznaaey Tagnsii
. . a Y 9 o =} ~ 3 v A ]
Calibration curve Y09815%1 111U 5 anuAuIU msalseumen %Cv naneluduReinuuay
1 [ 9 [ d'
a1y 1dmasnin1anei 1

M99 1 Intra-assay and inter-assay of mixed standard saponins (n=3)

Concentration level of mixed std. saponin (ng/ml) % CV
Intra assay Inter assay
6.25 2.45 3.56
12.50 1.98 3.02
25.00 1.24 5.18
50.00 3.57 2.83
100.00 2.79 4.58

Specificity
v v Y
MIATIVAOUANUANIZIIZDIVITN 1 1umInaas luniiiinmsnaaoulasmaauans

o A 9 9 ~q Yo . . Y o a 7
anansudl iy 2mg/mi a9l luasuasgusaui 1 Calibration curve tdnhwamsinirznn

9 o 9 [ d'
1@uf1mI% % Recovery JaHafan15199 2
M13197 2 Recoveries of the investigated saponins from Brahmi extract (2mg/ml) spiked with various

concentrations of mixed standard saponins (n=3)

Concentration level of mixed std. saponin added (ng/ml) Recovery (%)
6.25 98.07
12.50 96.92
25.00 98.74
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Guidelines for manufacturing of Brahmi tablets

1. maessneudamsanaayulnsnsad
A A 3 a 9 a va [ das A a
anuiraauaziuaoumskHandelfianuraninamismsna lumswaneayu Insuaz
] a @ Ia { a
AumsdizdiuTagnoaniuaneT NsENTNABITUY (AN IsMsNa lumswaneayu Insg
T&annmanuan)(1)
Y YV = <& U a
n.anshlfieseneudamsanaayulnsnsd

NINTUA 500 N3N Usznoudie

aFananIu 225.0 AU (45%)
Avicel PH 101 137.5 N5N (27.5%)
Lactose anhydrous 137.5 N5Y (27.5%)

ad = a

IBINTYUNINTNN

1. Wa Avicel PH 101 1122 Lactose anhydrous luia3eenaulvidnsu

1 a @ a A a g’ A Y Y g 491 2 [
2. A9y 9 l@]ﬂJﬁTiﬁﬂﬂWiiﬂJﬂ\ﬂU!ﬂiﬂflWﬁll LmlmmeNﬁmﬁlmﬂmﬂumammﬂu

517 1 1n50amew

o 1 1 J Y o A a )
3. i ldusawes 16 udnh ldeuNgaungil 45° C w24 2 Tus

Y
4. i lliuusaves 18 dnasenoutinlld

310 2 MIRY seive
S —
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Y 4
5. M3 IAANNTUVONTYATITANANTUUAISIT Loss on drying NOUNMITAIAITY

fhuWﬁilﬁ'"lﬁ%lﬂﬂ"l'im%ﬂilﬁﬂlﬁﬂﬁ'ﬁﬁ

@ a a Aa o 1 < [
@TENANTNY 300 UAANTUNDINA) A9

@

NANIUY

a

£
~

U

(Brahmi extract tablet) Tuvuia 300 wn.

4 1 o @ < [ a A Aa o
m‘snﬁ 1 ﬁ"JuNﬁiJﬁ'lﬂi‘Uﬂ'limgfﬂJEJ'ILiJﬂﬁ'Iiﬁﬂﬂﬁi\gquiWiﬂJﬂJﬂluTﬂ 300 Yaansy

Suft aulszney whilud Suae (3iaansu)

1 HanAeETanansuil GRETRGH 667.00

2 Lactose anhydrous a3 Lﬁil 15 13.62

3 Ac-Di-Sol AIFIVUANG 37.50

4 Talcum as¥eileansanan 22.50

5 Magnesium Stearate o ﬁ‘ﬁﬁiﬁlﬁ 7.50

6 Acrosil ﬁﬁ‘ﬁﬁlﬁlﬁu 1.87
s 750.00

*lumaniansuiidansanaayu Tnswsuil 45%

= U

v. ABATENTIUHEY !!a8f'niﬂf’)fWNElHﬁﬂmditmﬂﬂﬁﬂﬂ]iﬂﬁﬂvﬁuﬁ

o

1. e UNE Lactose anhydrous adluInsaualiaziden
o 1 A v Y @ a Y Y I 491 = o
2. MEURANIN ) By puisasanansul ranldantuiemeanu
o Y @ a Y Y o g dy = Y
3. thwudsansanansull panldididuiluiiofeny

1 v Y
4.1 leendraniosaensndauuuld i Taeldhuazanntidurmaudnais % i Taeld

Rl
v

° o <3 a A a o a3
ﬁu’]WUﬂﬂ'llllﬂ‘Wﬁilil 750 YAANITUANBDINA

19 3 1nToenenoudauunld v

Cal
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1. HPMC (15 cps) U 30 DTV

2. PEG - 4000 IUIU 2.5 ATV

3. Talcum 1UIU 35 NTU

4. Titanium dioxide 1UIU 30 AT

5. Green Solution (4 % Green) U 15 Hadans
6. Methylene chloride: Ethanol (1:1) qs to 1000 Uadans

Vv
o A

ad = <&
ABINIENTBUNAOVE TN
a 4 a A Aaa
1. 1Y Methylene chloride : Ethanol (1:1 )aﬂuﬁmﬂaﬁmum 1 a9 Uszuae 700 Haaans LL’E{%
Ao Tsema HPMC (15 cps) ad i ludunauiaziosaunua 1nminiulaelyd magnetic
. v & A = A
stirrer NIUAADALIAITOIU HPMC (15 cps ) Wouauaui lagaziruiluaisazatelaniinim
A o ) 2 9y - .
nila teaiumsszmevediiiazats lagilade aluminium foil
] 9 a aa a 9 | ds’ =2 v vy
2. wueesazanelude 1. sz 100 Hadans @y PEG — 4000 auldazarailuiiofeinund)
Y
meauraunanuaadlude 1.
o % 1 4 ~ I~ g
3. 11 Talcum 1422 Titanium dioxide AU 1N uluInsanszidiosnutaazazora g uiluiio
RN
4. wisveswanlude 2. Yszua 500 Hadans wuasluvesnaude 3. udness HaNa1Tazaly
" Yy o & A A o
0819919 wan lanuihuie@elnuy
o ] ~ ~ a aa 1 I g
5. ey lalude 2. imaeilszunm 200 Nadansaeemasluaisazateve 4. Withuiie
RN
a a A S 9 Yy 9 Y v &
6. WANANAVDIMIT AW 973 1NN (ANUVNTY 4%w/v) NBVINANTD 5. Iniulile
=\ %
R8N
[ a 9 1 . Y o
7. Y5u151nasaunsU A2eaIUNANYDY Methylene chloride : Ethanol (1:1) Taslunmsuaulii

ﬂ1§ﬂﬂﬂ1ﬂﬂ1%u$£}}?}ﬂ aluminium foil Lﬁ’t’)aﬂﬂ”ﬁi&ﬁﬂmﬂﬂﬁ?ﬁ"@gﬁ"lfl

Tasamsegoen 7 7-84



9 A

31l 4 idlondou

FAMZHMSUM IV UTAN TN

ﬂﬁ’amﬁau Thai Coater
HanaANY IWATA

< Y
anuis lumsnyunide 20 pm
ANUAUAN 2.5 bar (psi)

gaunnuMelunTa 45-50 PR AT

Q U

gauviniilaseesn 40-45 peRusaIFed

Q U

USamen 2,000 tii@

Y
USianihennden 1,000 Jaaans
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Y
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< R J A Y dy
LAaSAIUUUIUDIY YA ammmmmmmjmmaulu mﬁ@"lﬂu

n. anuulsisivvesinviiingiaen (Weight variation)

A A t4 =
IAIDIND Qﬂﬂimllﬁzﬁﬁlﬂu

1. n5eera Iihmeiioy 4 dumada
2. Forceps

< a o <
3. YUUANITUN UIU 20 1A

31U 6 nFeeds Il madion 4 dumii

[ 1 < <
1. quUaIgNguuanl 20 e
M-S & a o < Yo = o o o A4y ' o
2. BIUIHUUNYUUANQASLIUAIUATY 20 1A Iﬂ&lslﬁ‘ljuﬂﬂu1ﬁuﬂlllﬂ81171%0"1,’)611!!,!{5]@3?]5\‘]
o Y { < o < o . A
3. mmmmmwuﬂmﬁammmgmm 20 tUa i’JiJ‘VNﬂWﬁENL‘]Ju
v
o v o a
W’dﬂTi‘VIﬂ’dE)‘Uﬂ’JHJLL‘l]i‘IJ‘i’J“LA‘IIENUTﬁHﬂLiJﬂElnﬂﬁﬂﬂﬁﬁﬁﬂﬂﬁyuul“l"lﬂ‘liﬂu
° ' . .. ]
ATUIUAT % weight variation UDIYUNUA
v
@ (] o o v <
ma&mm3ﬂmamﬂamuﬂ‘iﬂmummumummm

Y l

v v v
% weight variation; positive = (H#1NNWINNFA - 1NHINDAY) x 100

v

% weight variation; negative = (¥11tinNtiesgea - hniinmae) x 100
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Y v
18 Anininmag sy 763.85 mg
1 g’ o <3 { 4 [
Anhindagnunnga Ny 778.1 mg

1 g’ v { ! Y
anihmindiaetesfiga 0y 753.1 mg

% weight variation; positive =(778.1 -763.85)x 100 = 1.8655
763.85
% weight variation; negative =(753.1-763.85)x 100 = -1.4073
763.85

k4
[

%Y % weight variation A® + 1.8655 % 118z — 1.4073 %

d a : U =1
manmsdszivanumlsilsivve ihviingiaen
R dad o oA oA Ao o &
wun lifiondialamentiindesuu ldvnaundeanumnasgiuiitimue (£10%) agtiu
Y

] o ada d w2 <
sufamsanaayu Inswsuiitanunlsdsruvenhmindasuilulawmnasguves Usp

V. MINATOUANNNIOUVDE LA (Friability Test)

A4 A @ =
130310 ginyal uaya15All

1. 1ATeInAgaUANUNToULUY T3 (Roche friabiliator)

[

2. nseeda llflmeilon 4 duviie e PRECISA 1 300 A U5t wa lnengamwnilsas
ORI

3. wilseilady

4. v

< A o <
5. SUUANTUY UIU 10 LUA

3171 7 1n50amadounUNTOUULY T5% (Roche friabiliator)
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1w 1 < < oy @ ] 1 [
1. qudledeudan 10Wa hwinswlidesndn 6.5 niu)
@ < ' o < ) g’ v us/‘
2. linhnAvdudiasuag 1dulsdlladuianuazeiadae saimindiaomamua (W)
1 g A ] a A oij Y ~
3. lddiesaslunieanadeunnunseudlamissaanar lnvyuuy 4 un
4 4 o < 0 ' o oy @
4. emioiga udagoenuinnuazeinlagldulseiladuudasaimin (w)
o S I 4 [l I
5. MU IIFUANNUNTOUYBIEUNAINGAT
% friability = Wo - W x 100

Wo

6. Uszumamsnagoy

M9EN19INIAIHINUAIINNTOU (Friability Test)
TminEud (W) = 76953 niu
imingathe (W) = 70543 nsu

% friability = Wo - W x 100
Wo
= 7.6953 - 7.6743 x 100
7.6953

=0.2728 %

d a [ a
!ﬂﬂ!mﬂ1§ﬂ§$!§~l‘uﬂ1§1’lﬂﬁ®ﬁﬂ?1uﬂi'ﬂ‘l'!‘llﬂﬂﬂﬂﬁﬂﬁ1§ﬁﬂﬂﬁigﬂl1w5w53~lll
(= ] = . A
1. "lummsnuﬁﬂm@ capping 89MNIUNIATIIU VDI USP XXV
1 < @ a 1 J
2. ﬂ’JHJﬂi@‘lﬂl@\iEﬂmﬂlﬂﬁﬁ]‘uﬁ1iﬁﬂﬂﬁnu1WiWﬂJN &jmmummmmmgmmm USP XXV

(luthu 1 %)

fl. MINATOUMIUANA (Disintegration Test)

A A t4 =
AIDIND Q‘]Jﬂim LAS AN

1. AT0INAAOUMTATLIEA (Disintegration apparatus)
~ 4

2. UNNds 1000 ml
Y

3. Wnau

< A o <
4. JUUANTUY TUIU 6 1A
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1. ladiagnasluraeauiinia 6 vaea 9 az 1 1la
g’ < [ a 09;
2. IhiniluvesmanlumsnaasvilSuguugiveaihldla 37+2¢°
o 4 a
3. lamieailszuna 30 win

4 4 o o < o
4. Lﬁ@ﬂﬁ'ﬂna’] 30 W Glﬁjﬂﬂ basket ﬁuaﬂﬁﬂlﬂﬂﬂ’]iﬂﬁ&’ﬂ’]&lﬂ?mﬂﬂlﬂﬂEl'] ‘Uuﬁﬂﬂﬁ’]

d a < % a
mmmmsﬂszmummﬂmianﬂmgu"lwswsuu
3 A v o Y 1 ¢ ~ <
mmﬂmmﬁa‘u‘l%izsznaﬂuﬂmmms]mmmummmmmgm (<20 M) HagygINNLNAND

< [ A o =
WaLanAIrNANe lusL ez AN MU (30 u)

4. MSNATOUANNUTIVDIE A (Hardness Test)

A A t4 =
IAIDIND Q‘]Jﬂim LUAS LAY

g < s
1. 1TeanadeuANNUILVVA Tand-yous Iy In (Stokes — Monsanto hardness tester)

< a A Y o <
2. JUUANTHULADDVLAI TUIU 10 1A

Y g < ¢
317 8 1nTeanadouANUNTLUE Tand-Noua U Ta (Stokes — Monsanto hardness tester)

Y ' < <
1. quaIgNguua 10 LA
o [ < ' <
2. Dﬂﬂ?mJLlﬂlwmmﬂﬂﬂmmazmﬂ
o < {
3. muammmmummaﬁl

4. Usziuma

2. MINATOUANURIMIVOIB NN (Thickness Test)

A A o =
IAIDIND Qﬂﬂiﬂ! LUAsaIILAY
1. 1AT0INATOUANNNUT (Micrometer caliper)

< Ado nmy A o <
2. EJ'IUJ@W??JZJTIEN]’hJVlﬂmﬁ@U 1UIU 10 LA
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a A . .
3‘1]1’1 9 IATOINATDUANNH U (Micrometer caliper)

[ 1

1 < <
1. qu@'ﬂﬂﬂ%‘]fﬂluﬂ 10 tUa

[ < 1 <
2. ’Jﬂﬂ’meuwmmﬂﬂﬂmmazum
3. f’c]"]uﬁmﬁ']ﬂ'nuwu'uﬂaﬂ

4. 1lszuma

2. mamugulsnamseliiiv
g.’/ = U ] =1 o U o a d .
Tuneumsssnmsesemindns vl inszvimUsinas saponins
o 1 @ 1 < o 1<)
1. Mimsguaiedsendaiuau 10 Wea
o :’ o 1 1<) = gl @ 9
2. ¥uihmdnveseugaziatazaiunmimiin1
I~ 1 I~ 9 1 .
3. yaaeuaaziandl laaslu volumetric flask Y119 25 ml
a o . o A ' 1
4. @uumueaad 1) 7 mi 1d2i11) sonicate urat 10 1 Fawune liawnsoazaie lavua

[ | T A uaj ) 1 {
ummﬂumﬂawﬁjuqagmnmﬁ'um%uz ‘ﬂTﬂuL!1!11ﬂﬂiﬂﬂ£ﬂ?£ﬂw1$ﬁﬁuﬁ1§a$ﬁ”IEJﬁ‘fJ NHMUS

e

v
=

o ] I 1 a a uaj )
5. ihauniluaznoulaaalu Erenmeyer flask Hduaummuealsuie 7 ml 8nase udnirlyl
. < = 1 Y o g} = 09/1
sonicate 1111781 10 W7 pspUIATaza1e lad v WE1on 1 Asa
6. Wasazatennsodld lusulsuas i volumemetric flask 25 ml @281N1Ua

. pFBeAsaza1ei 1aaae 0.45 p nylon syringe filter

~

8. lAnzidae HPLC
o o a a < a o .

9. hwndnnaFuaasan Tuduluendaayu Iwsnsud Taof a9 peak height YoIe13
Bacoside A3, Bacopaside 11, Bacopaside X, Bacopasaponin C i8¢ Bacopaside | Meuny

Calibration curve a15%111/31u

msdszdiumansInizv
<3 a g A A a ~ Y
pudadayu lwswsudl deslidSunaesinTdidusw 80-120 %  ndszy PBuunaina

U153 1U USP
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