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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
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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.



