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ABSTRACT

Bacopa monnieri (L.) Wettst. or ‘Brahmi’, an Ayurvedic medicine, has tfaditionally
been used as a memory enhancer. Brahmi clearly has a memory improving and neuroprotective
properties. However, there has been no clinical study focusing on human carotid and peripheral
blood flow and resulting cognitive improvement using the formulation of an essence of Brahmi
mixed with mulberries (EBM). This present clinical study aims to examine the efficacy of the
chronic consumption of EBM compared with a placebo in participants on memory, peripheral
blood flow in reactive hyperaemia and carotid blood flow. The clinical study has been
elucidated to compare the effectiveness of EBM with placebo in participants between 55 and 80
years of age. All participants were without mental or physical health problems. It was designed
as a 12-week double-blind and placebo-controlled randomized trial. The current results were
innovatively reported significantly improved the speed of working memory and the post-
occlusive blood flow in the peripheral vascular system during daily consumption of EBM for
12 weeks. By contrast, the placebo had no significant effect. EBM did not alter blood pressure
and blood biochemistries, thus the chronic consumption of EBM was safe. Moreover, the
animal study aims to clarify the effective Brahmi components for vasorelaxation. Its flavonoids
i.e., luteolin and apigenin have a more potent vasodilator but saponins have a greater effect
because of their greater contents. Accordingly, the clinical benefits on enhanced blood flow and

cognitive function may arise from a combination of flavonoids and particularly the saponins.

Future study should concern specific clinical study on patients with dementia.
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CHAPTERII

INTRODUCTION

Rationale for the study

Dementia is a term for several diseases that are mostly progressive, affecting
memory, thinking, behaviour and emotion. Alzheimer's disease (AD) and vascular
dementia (VaD) are the most prevalent dementias among the elderly. VaD is explained
by vascular causes (Kalaria, 2016). The most important causes of VaD include aging
and vascular disease. In vascular disease, blood supply to the brain is obstructed by
plaque in the blood vessels, a process called atherosclerosis. Carotid plaques and intima
media thickness in midlife was associated with an increased hazard ratio of all-cause
dementia and vascular dementia (Gustavsson et al., 2020). Dementia is normally
diagnosed when the cognitive impairment has become severe enough. Mild cognitive
impairment (MCI) is a state intermediate between normal cognition and dementia. The
cognitive functioning of the elderly shows progressive cognitive impairment or decline
with age (Pelegrini et al., 2019). The development of cognitive impairment was also
correlated to lifestyle-related risk factors. The risk factors include physical inactivity,
obesity, unbalanced diets, tobacco use and harmful use of alcohol as well as diabetes |
mellitus and hypertension (Zhao et al., 2015). The dementia cases would actually
increase in future years, due to more individuals living to older ages when dementia risk
is high (Zissimopoulos et al., 2018).

The dementia affected 47 million people worldwide or 5% of the world’s
elderly population in 2015. In 2019, Alzheimer’s Disease International estimates that
there are over 50 million people living with dementia globally. The nearly 9.9 million
people globally develop dementia each year. Nearly 60% of people with dementia
currently live in low- and middle-income countries and most new cases (71%) are
expected to occur in those countries. The current annual cost of dementia is estimated
at US $1trillion (Alzheimer’s-Disease—Internationall, 2019; World-Health-Organization,
2017). The cost of care for dementia’s patients is expected to increase intensely due to

the increasing number of patients due to the aging society (Raju et al., 2020).



The use of dietary herbs has increased rapidly. The representing 80% of people
worldwide rely on herbal medicinal products as a primary source of healthcare.
Nutraceuticals are alternative to modern medicine, in that herbals and dietary
supplements are major constituents to maintain health, act against various diseases and
thus promote the quality of life (Dureja et al., 2003; Zhao et al., 2015). However, there
were some problems for aging, including a swallowing problem for tablet drug and
product safety (Abdel-Rahman et al., 2011; Sunata et al., 2020). Thus, the developed
nutraceuticals could provide an economical and possible option for the aging with good
taste, easy to take combined with potential health benefits and safety. The clinical
studies on the effects of the herbals are consequently important prelude for prevention
and treatment of dementia. o

Among the herbals, Bacopa monnieri (L.) Wettst. or Brahmi (BM) has been an
important component of Ayurvedic medicine and it has traditionally been used as a
memory enhancer. BM contains an abundance of bioactive compounds, including
saponins and flavonoids. The saponins are predominantly bacopaside I and bacoside A,
a mixture of bacoside As, bacopaside II, jujubogenin isomer of bacopasaponin C, and
baéopasapohin C. The flavonoids, essentially luteolin and apigenin are also present in
BM (Nuengchamnong et al., 2016; Saesong et al., 2019). BM has been used to promote
mental health in general as a neurotonic and clearly has a memory improving and
neuroprotective properties (Abdul Manap et al., 2019; Charoenphon et al., 2016;
Chaudhari et al., 2017; Le et al., 2015; Mathur et al., 2016; Sukumaran et al., 2019).
Recently, BM was clarified the neuroprotective effect on the neuroblastoma cells and
the anti-apoptosis on the human astrocytes (Saha et al., 2020; Yamchuen et al., 2017).
BM increases the working memory by promoting hippocampal neurogenesis (Pham
et al., 2020) and it also reversed the neurodegeneration in the hippocampus (S. S. Kumar
etal., 2015). BM prevents the dementia via anti-inflammatory action (Saini et al., 2019)
and prevents the alterations pro-inflammatory cytokines (Micheli et al., 2020). BM has
been shown antioxidant properties in the brain and exhibits antioxidant properties
through the elimination of dysfunctional mitochondria (Saha et al., 2020). BM also
modulates an anxiety by regulating of plasma corticosterone level (Murugaiyan, &
Bhargavan, 2020) and GABAA receptor (Gupta, & Sharma, 2019). BM appears to

¢xhibit no toxicity in haematological aud blood biochemistry parameters



(Sireeratawong et al., 2016). Moreover, BM possess other pharmacological actions such
as anti-depressant (Mannan et al., 2015), anti-anhedonia (Micheli et al., 2020), anti-
cholinesterase (Dhanasekaran et al., 2007), anti-hyperglycaemic (Udhaya Lavinya, &
Sabina, 2015) and anti-hyperlipidaemia (Kamesh, & Sumathi, 2012). BM shows an
improved coronary blood flow and cerebral blood flow which it acts as a vasodilator
(Kamkaew et al., 2013; Kamkaew et al., 2019; Srimachai et al., 2017). This implies that
the effect possibly results from cerebrovascular dilatation. However, it still needs
supporting evidence from clinical trials to clarify the effects of BM on memory and
blood flow.

The clinical studies have shown that acute and chronic daily oral administration
of BM improved memory in healthy adults (Benson et al., 2014; N. Kumar et al., 2016).
There was a similar effect on the healthy elderly, where consuming BM for 8-12 weeks
improved memory (Cicero et al., 2017; Peth-Nui et al.,, 2012). In addition, BM
provided enhancing cognitive performance in patients with the AD or the MCI (Dimpfel
et al., 2016; Goswami et al., 2011). However, there has been no clinical study focusing
on the effect of BM on human carotid and peripheral blood flow and resulting in
cognitive improvement, therefore it has not been suggested for pharmacological
treatment of vascular dementia.

In Thailand, BM extract recently was developed as a dietary supplement
product (GPO Brahmi®). The product was formulated in tablet form, containing a
standardized BM extract (300 mg) with a recommended dose of one tablet daily.
However, the tablet form could be difficult to swallow for the elderly (Sunata et al.,
2020), so formulation of a BM concentrated essence mixed with fruit such as mulberries
could be an alternative. Therefore, the present study aimed (i) to examine the efficacy
of the chronic consumption of the BM concentrated essence compared with a placebo
in participants by assessing memory, carotid blood flow and blood flow in reactive
hyperaemia, and (ii) to study the safety of chronic consumption of the BM concentrated
essence by evaluating the fasting blood glucose, glycated haemoglobin (HbAc), liver
enzyme, kidney function, lipid profile and calcium levels, blood pressure and heart rate.
Blood biochemistry for endothelial function markers, including intercellular adhesion
molecule 1 (I-CAM1), vascular cell adhesion molecule 1 (V-CAM1) and asymmetric

dimethylarginine (ADMA), were also measured for safety evaluation. The clinical trial



study provided the efficacy of the BM concentrated essence in an innovation form,
which is better than the original tablet form. The clinical findings would prove the
efficacy and the safety of BM extract in its chronic consumptioﬁ in healthy elderly. This
would be beneficial for supporting BM use as a memory enhancer in terms of its
mechanisms of action which might involve the effect on carotid blood flow, peripheral
blood flow, and vascular and endothelial function. In addition, this study provides
evidence of ex vivo vasorelaxant effectiveness of BM components, which could underly
the mechanism of improvement of blood flow leading to memory enhancement

evaluated in the clinical trial study.

Objectives of the study

Aim of the preclinical study

To investigate the vasorelaxant effect and mechanisms of action of BM extract
active compounds, both saponins and flavonoids, on isolated rat mesenteric arteries.

Aims of the clinical trial study

1. To examine the efficacy of the chronic consumption of BM concentrated
essence compared with a placebo in participants. The parameters included memory,
carotid blood flow and blood flow in reactive hyperemia.

2. To study the safety of chronic consumption of BM concentrated essence by
evaluating the following parametersj fasting blood glucose, glycated hemoglobin, liver
enzyme, kidney function, lipid profile and calcium levels, blood pressure and heart rate.
Blood biochemistry for endothelial function markers, including intercellular adhesion
molecule 1 (I-CAMI), vascular cell adhesion molecule 1 (V-CAMI) and asymmetric

dimethylarginine (ADMA), were also measured for safety evaluation.

Scope of the study

Scope of the preclinical study

In vitro study of Vasorelaxént effecfs of BM extract active compounds on the
isolated mesenteric arteries of Wistar rats were carried out using organ bath technique.
Saponins (bacoside A and bacopaside I) and flavonoids (luteolin and apigenin) were

tested and their effects were compared. The vasorelaxant mechanisms of the active



compounds, including endothelial nitric oxide synthase (eNOS) pathway and calcium
flux were examined. |

Scope of the clinical trial study

This is a clinical trial study which provides the efficacy and the safety of the
chronic consumption of BM concentrated essence compared with those of placebo in
healthy elderly participants, aged between 55 to 80 years old, without clinical signs of
dementia or complaint of memory impairment and not suffering from any diseases, such
as schizophrenia, dementia, depression, liver disease, kidney disease, diabetes, cancer,
stroke, hypertension and hyperlipidaemia treated with therapeutic anti-hyperlipidaemia
drugs. The study was designed as a 12-week double-blind and placebo-controlled
randomized trial. Participants were divided into two groups; a BM essence group and a
placebo group. BEach participant daily consumed a treatment product (concentrated BM
essence containing BM extract plus mulberry juice) or a placebo (mulberry juice) once
a day for the 12 weeks of the treatment period. During each visit, the participants were
required to come to Faculty of Medical Science and the Cosmetics and Natural Products
Research Centre (CosNat), Naresuan University. They were asked to attend 6 times,
including once for an orientation before the 2-week run-in period, four treatment visits
(week 0, 4, 8 and 12), and a final follow up visit. The measured parameters were
memory, carotid blood flow, reactive hyperaemic blood flow, blood pressure, and blood
biochemistry parameters. The 15 ml blood from a subject was drawn for analysis
according to the parameters of blood biochemistry, i.e., -CAMI, V-CAMI1, ADMA,
glucose, HbA ¢, insulin, lipid profile and calcium, as well as liver function test (LFT),
blood urea nitrogen (BUN) and creatinine. The subjects were asked about adverse |

events at week 0, 4, 8, 12 and 16 follow-up visits.

Hypothesis

Hypothesis of the preclinical study

Active compounds of BM extract may produce vasorelaxation of rat mesenteric
artery through some mechanisms involving: the activation of eNOS pathway and/or the
reduction of Ca?" influx and/or Ca" release. The vasorexant effect of BM flavonoids

may be greater than BM saponins.



Hypothesié of the clinical trial study

Primary outcome: BM concentrated essence consumption may improve
working memory in healthy elderly participants. ‘

Secondary outcome: BM concentrated essence may enhance the blood flow,
including carotid blood flow and reactive hyperaemic blood flow. The chronic
consumption of BM concentrated essence is safe. No significant changes in the tested

parameters of blood biochemistry were observed.



CHAPTERTI

REVIEW OF RELATED LITERATURE AND RESEARCH

Bacopa monnieri (BM)

Bacopa monnieri (L.) Wettst. or Bacopa monniera (L.) Wettst. is an Ayurvedic
medicinal plant, locally known as ‘Brahmi’. Its genus Bacopa is from the
Scrophulariaceae family. Its synonyms are Brahmi (L.) Pennell yes, Graticola monnieri
L., Herpestis monniera L. Kunth., Lysimachia monnieri L. Cent., and Monniera
cunefolia Michaux (Abdul Manap et al., 2019; Russo and Borrelli, 2005). The BM isa
small creeping herb with numerous branches. Leaves were simple, sessile, glabrous,
opposite and decussate, obovate-oblong to spathulate in shape, green in colour. Flowers
were white or pinkish with violet (Figure 1A) (Anju et al., 2017). It grows naturally in
wet, sandy areas near streams in tropical regions. Bioactive compounds were observed
in BM grown in soil culture rather than by hydroponics (Maneeply et al., 2018). The
BM for the study was collected from Phetchaburi province, Thailand. It was identified
by Associate Professor Wongsatit Chuakul, from the Faculty of Pharmacy, Mahidol
University. The voucher specimen (Phrompittayarat001) was kept at the Pharmaceutical
Botany Mahidol Herbarium, Mahidol University. The ethanoic BM extraction was
undertaken by Assoc. Prof. Dr. Kornkanok Ingkaninan, from the Faculty of
Pharmaceutical Sciences, Naresuan University. The total recovered mass was 10% of
the starting dried material and of this extract, 6.25% (w/w) was total saponins
comprising bacoside As (0.87%), bacopaside I (1.03%), bacopaside II (1.82%)
bacopaside X (0.80%), and bacopasaponin C (1.73%) (Kamkaew et al., 2011;
Nuengchamnong et al., 2016; Saesong et al.,, 2019). In Thailand, the government
pharmaceutical organization (GPO) has recently developed BM as a food supplement.
The product was formulated in tablet form containing 300 mg of standardized BM

extract which a recommend dose is one tablet daily (Figure 1B).



This standardized BM extract were licensed and launched into the market. BM
traditional used as a memory enhancer, it is known to promote mental health, as a
neurotonic and cardiotonic agent. BM extract clearly has a cognitive enhancing
potential and neuroprotective effects (Joshi et al., 2021; Kongkeaw et al., 2014; Mathur
et al., 2016; Purusothaman et al., 2021; Rajan et al., 2015).

Bcu,opa monnieri (L.) Wettst

Figure 1 Bacopa monnieri (A) and Brahmi tablet supplement of GPO (B)

Chemical constituents of BM

The chemical constituents of BM are alkaloids, saponins and sterols. BM
contains dammarane-type triterpenoid saponins, which are classified as jujubogenin and
pseudojujubogenin glycosides (Phrompittayarat et al., 2007a; Phrompittayarat et al.,
2007b; Phrompittayarat et al., 2007c). The constituents responsible for its cognitive
effects are bacoside A, which is a mixture of saponins including bacoside A3, bacopaside
II, a jujubogenin isomer of bacopasaponin C and bacopasaponin C, and bacoside B,
which is also a mixture of saponins (Abdul Manap et al., 2019). A chemical structure
of all BM compounds were appeared in Table 1 and Figure 2 (Blazquez-Sanchez et al.,
2017; Yeshanew and Ingkaninan, 2020). The dammarane steroidal saponin glycosides
were differed in the nature of the sugar unit attached to the aglycone as well as the

position of the olefinic side chain on the aglycone (Saesong et al., 2019; Sookying et al.,



2017). The flavonoids luteolin and apigenin have been found in BM extract
(Limpeanchob et al., 2008; Nuengchamnong et al., 2016; Phrompittayarat et al., 2007a;
Phrompittayarat et al., 2007b; Phrompittayarat et al., 2007c; Saesong et al., 2019). The
representative HPLC-UV chromatogram of BM extract was shown in Figure 3, which
the HPLC method followed the previous report (Saesong et al., 2019). Amount of each
compound in 95% ethanolic BM extract analyzed by HPLC was shown in Table 2 which
BM extract contained the total flavonoids ~2.1 mg/g and total saponins ~51 mg/g of

dried extract.

Table 1 Chemical formula, molecular weight and structures of BM compounds

Bacopa monieri compounds Chemical structure

Flavonoids Luteolin

(?H O
Chemical formula; / | J\/sl\
HO™ "0
Ci5H100s¢
Molecular Weight: \ OF
olecular Weight: )
RO Luteolin

Flavonoids  Apigenin

OH CJ)\\
Chemical formula: d |
HO o*@\
OH

CisHi00s
Molecular Weight:

270.04 Apigenin




Table 1 (cont.)
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Bacopa monieri compounds

Chemical structure

Saponin

glycosides

Bacoside A

(Mixture of Bacoside
A3z, Bacopaside 11,
Bacopaside X and

Bacopasaponin C)

Chemical formula:
NA
Molecular Weight:
NA

RO

"/,[,

Jujubogenin

Saponin

glycosides

Bacoside A3

Chemical formula:
C47H76018
Molecular Weight:
929.10

¢/ﬁ H
oy
Ho. RO b o

" & :
—0 @—ow@iﬂ
o1 N ;
OH |
o)

OH Ly
s 00

OH
HOT o

Bacoside As, Jujubogenin
R: o-L-arabinofuranosyl(1 2)-[B-D-
glucopyranosyl-(1 3)]-B-D-glucopyranosyl




Table 1 (cont.)

11

Bacopa monieri compounds

Chemical structure

Saponin Bacopaside I1

glycosides
Chemical formula:
C47H76018
Molecular Weight:
929.10

Saponin Bacopaside X

glycosides

Chemical formula:

C46H74017

Molecular Weight:

899.07

HOT  po .
Bacopaside 11, Pseudojujubogenin

R: o-L-arabinofuranosyl(1 2)-[B-D-
glucopyranosyl-(1 3)]-B-D-glucopyranosyl

Bacopaside X, Jujubogenin
R: o-L-arabinofuranosyl(1 2)-[p-D-
glucopyranosyl-(1 3)]-a-L-arabinopyranosyl
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Bacopa monieri compounds

Chemical structure

Saponin Bacopasaponin C
glycosides
Chemical formula:
CuH74017
Molecular Weight:
899.07
Saponin Bacopaside 1
glycosides

Chemical formula:
C46H74020S
Molecular Weight:
979.13

Bacopasaponin C, Pseudojujubogenin
R:.a-L-arabinofuranosyl(1 2)-[-D-
glucopyranosyl-(1 3)]-a-L-arabinopyranosyl

Bacopaside I, Pseudojujubogenin
R: o-L-arabinofuranosyl(1 2)-[6-O-sulfonyl-
B-D-glucopyranosyl-(1 3)]-a-L-

arabinopyranosyl
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A) Jujubogenin HO
i
/"'\\,\\\ o AR o 4
l \>~~ o X
P I AN

RO"S
Bacoside A3: R=a-L-ara (1-* 2)-[B-D-gle~(1 —+3)]-p-D-glc
Bacopaside X: R=g-L-ara (1 2)- [B -gle-(1-+3)]-0-L-ara

B) Psudojujubogenin

l I() ‘:,\'—':" \

< D
-0

Bacopaside I: R = g-L-ara(1 —2)- [6-O-sulfonyl-p-D-gle-(1 -* 3)]-a-L-ara
Bacopaside II: R = g-L-ara(l —2)- [p-D-gle-(1 —+3)]-p-D-glc
Bacopasaponin C: R = ¢-L-ara (1 —+2)-[B-D-gle-(1 —>3)]-0-L-ara

Figure 2 The chemical structure of jujubogenin (A)

and pseudojujubogenin glycosides (B)
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Figure 3 Representative HPLC-UV chromatogram of mixed seven standards

at 20pg/ml for 1 and 2 and 100pg/ml for 3—7 (A) and BM extract
(2mg/ml) (B); luteolin (1), apigenin (2), bacoside A3 (3), bacopaside 11

- (4), bacopaside X (5), bacopasaponin C (6) and bacopaside I (7)
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Table 2 Amount of each compound in 95% ethanolic BM extract analyzed by

HPLC. The values are expressed as averages from triplicate

experiments+SD
Compounds of Amount
BM extract (mg/g of dried extract)

Luteolin ‘ 1.39+0.07
Apigenin - 0.77+£0.06
Bacoside As 9.16 +£0.13
Bacopaside 11 15.63 + 0.53
Bacopaside X 7.07 +£0.36
Bacopasaponin C 8.19+0.38
Bacopaside I 10.69 £0.19

Neuropharmacological effects of BM

Several preclinical studies have shown the cognitive and neuroprotective
effects of BM and its bioactive components. Reviews of previous literature papers from
Abdul Manap et al. (2019; Aguiar, & Borowski, 2013; Chaudhari et al., 2017;
" Sukumaran et al., 2019) suggested the neuropharmacological cognitive enhancing
actions of BM and its bioactive components by the mainly mechanisms involved:

1. Antioxidant neuroprotection, or neuronal oxidative stress suppression, or
reducing lipoxygenase activity, increasing glutathione peroxidase and chelates iron.

2. Acetylcholinesterase (AChE) inhibition and/or choline acetyltransferase
activation, or modulation of neurotransmitters, i.e. "acetylcholine (ACh), 35-
hydroxytryptamine and dopamine.

3. B-amyloid reduction or prevention of p-amyloid aggregation and formation
of fibrils as ‘well as protect neurons against p-amyloid-induced toxicity.
‘ 4. Increased cerebral blood flow, or nitric oxide-mediated cerebral
Vasodilation.

5. Synergic combination of antioxidant, calcium channel blocking activity.

6. Its nonpolar glycosides enable to cross the blood-brain barrier (BBB) via

simple lipid-mediated passive diffusion
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Recently, Le et al. (2015) clarified the protective effects on ischemia-induced
cognitive deficits in mice, dementia model from transient vessels occlusion-induced
cognitive deficits was prevented by BM (50 mg/kg) administration for 10 days.
The latency and path length of rats administered with bacosides and exposed to
hypobaric hypoxia were lower than those of hypoxic rats without bacoside
administration, thus BM improved rat memory function in hypobaric conditions (Hota
et al., 2009). The in vitro study of bacopaside I (25 puM) exhibited potent
neuroprotective effects against oxygen- and glucose-deprivation -induced neuronal cell
damage (Le et al., 2015).

Neuroprotection of BM extract, bacoside A, bacopaside I, bacopaside lI,
bacoside As, and luteolin has been shown in oxidized LDL-induced toxicity of
neuroblastoma cells, by suppression of cellular oxidative stress. This effect is possibly
a combined result of its constituents (Yamchuen et al., 2017) .

Vollala et al. (2010; 2011a; 2011b; 2011c; 2011d) reported that, after oral
administration of BM extract (40 and 80 mg/kg) for 2, 4 and 6 weeks, adult rats showed
improvement in their learning behaviour and memory retention using spatial learning
(T-maze) tests and retention performance tests and that BM (=20 mg/kg) for 24 weeks
also improved memory retention, including the enhancement of learning and memory
in neonatal rats. This‘ researchers’ group also reported the orally administered BM
extract in adult rats caused the enhanced dendritic arborization of amygdala neurons
during growth spurt periods, the enhanced dendritic arborization of hippocampal CA3z
neurons, and the enhancement of ~basolateral amygdaloid neuronal dendritic
arborization.

Dwivedi et al. (2013) demonstrated that BM extract (40 and 80 mg/kg) treated
enhanced the memory dysfunction in Alzheimer’s disease rats as appeared by a
reduction in path length and latency time. BM extract (100 mg/kg) also lessened the
NaNO; and d-Gal levels, which improved the body weight, memory, learning skills, and
normalized the ATPase system in Alzheimer’s disease-induced mice (Kunte, & Kuna,
2013). Uabundit et al. (2010) showed that oral administration of BM extract (20, 40
and 80 mg/kg) improved the escape latency time in a Morris water maze test and

relieved the reduction: of neurons and cholinergic neuron densities in a rat model of
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Alzheimer’s disease induced by the ethylcholine aziridinium ion, thus providing
evidence that BM is a potential cognitive enhancer and neuroprotectant against AD.

Saini et al. (2019) recently demonstrated that gavage administration of BM
extract (50 mg/kg) for 15 days prevented colchicine-induced inflammation and
B-amyloid production. Dhanasekaran et al. (2007) demonstrated mechanisms of action
relevant to the treatment of AD, whereby BM extract dose-dependently reduced divalent
metals and scavenged reactive oxygen species, decreased the formation of lipid
peroxides, inhibited lipoxygenase activity and showed a reduction in B-amyloid levels
in the brain of an AD doubly transgenic mouse model. BM extract (40 and 160 mg/kg)
reversed both Y-maze and open-field hyperlocomotion behavioral changes in PSAPP
mice, model for spontaneous amyloid plaque formation, suggested that BM extract
reduced B-amyloid 1-40 and 1-42 levels in the cortex (Holcomb et al., 2006). There was
an in vitro study demonstrating that BM extract protected rat neurons from B-amyloid-
induced cell death, which was possibly due to its ability to suppress cellular AChE
activity (Limpeanchob et al., 2008).

The oral administration of BM extract (30 mg/kg) for 7 days enhanced learning
ability in rats and the extracts showed a dose (10-1000 mg/kg)-dependent inhibitory
effect on AChE activity, which was replicated by Ginkgo biloba (Das et al., 2002). Oral
administration of BM extract (40 mg/kg) for 7 days reversed a phenytoin-induced
cognitive deficit in mice (Vohora et al., 2000). The BM extract (40 mg/kg) feeding for
3 months inhibits AChE on aluminium chloride (AICl3) induced rats (Tripathi et al.,
2011). Bacosides (200 mg/kg) present in BM extract prevented the lipofuscin
aggregation in the middle-aged and aged rat brain cortex, as well as enhanced the
synthesis of cholinergic neurotransmitter ACh, modulated the metabolism of
monoaminergic neurotransmitters and inhibited lipid peroxidation in the aged brain rats
(Rastogi et al., 2012). Bacosides are commonly nonpolar glycosides, which enable it to
cross the BBB via simple lipid-mediated passive diffusion (Chakravarty et al., 2001;
Pardridge, 1999). Another neurotransmitter, serotonin (5-hydroxytryptamine, 5-HT)
and its receptors are involved therapeutic aspects of learning and memory, the
i11véstigation of BM in pilocarpine-induced témporal lobe epileptic rats showed
upregulation of 5-HT(2C) receptors, and increase in 5-HT(2C) gene expression in the

epileptic hippocampus (Krishnakumar et al., 2009). Likewise, BM has neuroprotective
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capability in reversing the modified dopamine D1 receptor function and gene
expressions in the cerebral cortex of neonatal hypoglycaemic rats (Thomas et al., 2013).

Khan et al. (2015) recently clarified that gavage administration of BM extract
(30 mg/kg) for 2 weeks improved the memory and learning capability in
intracerebroventricular-streptozotocin rats. This study also examined that the extract
reduced in thiobarbituric acid reactive substances (a marker of lipid peroxidation levels),
increase the reduced glutathione (GSH) contents and increase the activity of antioxidant
enzymes such as superoxide dismutase (SOD), glutathione-S-transferase (GST),
catalase (CAT) and glutathione peroxidase (GPx) in the hippocampus infused by ICV-
streptozotocin model. BM extract (40 and 50 mg/kg) treated prevented the reduction in
SOD activity and decreased the lipid peroxides and protein oxidation on AICI3-induced
rats (Jyoti et al., 2007). Similarly, BM has prevented free radicals in the brain (Anbarasi
et al., 2006; Jyoti, & Sharma, 2006). “The scopolamine-induced memory impairment in
mice were associated with elevated brain lipid peroxides and reduced brain stores of
antioxidants, nootropic actions of triterpenoid saponins (50 mg/kg) from BM were
observed to attenuated the memory impairment induced by scopolamine in the Morris
water maze test and the step-down test in mice. (Y. Zhou et al., 2009). BM also exhibits
the antioxidant effect by the increased rat brain frontal cortical, striatal and hippocampal
SOD, CAT and GPx activities, which was after 14 and 21 days of BM extract (5 and 10
mg/kg) administration (Bhattacharya et al., 2000). BM has protected human
lymphocytes against various clastogens due to its high antioxidant activity, which may
have been be responsible for the observed protective effects against the clastogens
(Deb et al., 2008). Transcription factor NF-E2-related factor 2 (Nrf2) is important for
cell protection against chemical-induced oxidative stress. Activation of Nrf2 was
associated with activation of its downstream targets, such as heme oxygenase-1 (HO-1)
and glutamate cysteine ligase catalytic subunit (GCLC) (Li et al., 2013). BM also
restored GCLC, HO1, and Nrf2 as well reduced the neuronal loss, oxidative stress and
neuroinflammation (Dwivedi et al., 2013).

The recent study, Gupta, & Sharma (2019) revealed the protective influence of
BM extract (100, 200, 500 mg/kg) by gavage for 3 consecutive days in alcohol
abstinence-induced anxiety-like behavior rats. On a rat model of depression where

learned helplessness is created by forcing them to swim, BM extract (20 and 40 mg/kg)
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treated for 5 days and its constituents, bacopaside I, bacopaside II, and bacopasaponin
C alleviated this (Sairam et al., 2002; Yun Zhou et al., 2007)

Various clinical studies of BM revealed mainly neuropharmacological effects,
including (i) cognitive improvement, (ii) enhancement of learning -capability,
(iii) retention of new information, (iv) improvement of performance in a restraint recall,
(v) improvement in oral learning, memory attainment, and suppressed recall,
(vi) preserve of cognitive ability, (vil) enhancement in prompt memory and response

performance. The clinical trials using BM are summarized in Table 3.
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Cardiovascular effects of BM

BM extract has relaxed isolated guinea-pig and rabbit pulmonary arteries and
rabbit aorta, after the relaxation had been reduced by cyclooxygenase inhibitor and
indomethacin (Dar, & Channa, 1997). Calcium chloride-induced contraction in rabbit
pulmonary arteries and aorta has been attenuated by BM extract (100-700 pg/ml),
implying its direct inhibitory effect on the influx of calcium ions into smooth muscle
cells. However, BM extract caused no effect on the mobilization of intracellular Ca®
([Ca®'];) (Dar, & Channa, 1999). Various fractions and sub-fractions isolated from BM
extract have produced the inhibition of carbachol-induced hypotension and bradycardia
in anaesthetized rats (Channa et al., 2003). BM has also had a relaxant effect on other
types of smooth muscle. An ethanolic extract of BM induced relaxation in ring segments
of guinea-pig trachea, which had been blocked by propranolol (B-adrenoceptor
antagonist) and indomethacin (general cyclooxygenase bldcker) (Dar, & Channa, 1997).
This response may have involved B -adrenoceptors and the cyclooxygenase pathway
(Dar, & Channa, 1997). A methanolic fraction and CHCl3/MeOH sub-fraction of BM
caused a reduction in calcium chloride-induced contraction on guinea-pig ileum, which
implied an interference with Ca®" movement (Channa et al., 2003).

We, (Kamkaew et al,, 2011), recently demonstrated that BM acted as a
vasodilator by releasing nitric oxide from endothelium, inhibiting calcium influx into
intracellular fluid and inhibiting the release of calcium from sarcoplasmic reticulum.
These mechanisms caused an acute decrease in blood pressure. It also had an
antihypertensive action in rats chronically treated with L-NAME (Onsa-ard et al., 2012).
Our previous study demonstrated the effect of daily oral BM (40 mg/kg) on cerebral
blood flow in rats. In an 8-week trial, rats treated with Brahmi clearly showed a
significant increase in cerebral blood flow (Kamkaew et al., 2013). Since systemic
blood pressure was unchanged, this implied that the effect resulted from cerebrovascular
dilatation.

There have been studies of BM extract cardioprotective activity. Oral
administration of hydro-alcoholic BM extract (100-200 mg/kg) for 30 days produced
cardioprotection against isoproterenol-induced miyocardial necrosis in rats (Nandave
et al., 2007). Recently, Srimachai et al. (2017) found that BM improved myocardial

function following ischemia/reperfusion injury through recovery of coronary blood
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flow, contractile force and a decrease in infarct size. Thus this may lead to a novel

cardioprotectant strategy.

Safety studies of BM

There have been some toxicity studies in animals. A single oral administration
of BM extract at a large dose of 5,000 mg/kg for 2 weeks in rats did not cause mortality
or any serious undesirable effects. No histopathological change in internal organs,
including the liver and the kidney, were observed (Sireeratawong et al.,, 2016).
A subchronic oral toxicity study for 3 months in rats at doses of 85, 210 and 500 mg/kg
of standardized BM extract did not reveal any evidence of toxicity with respect to
clinical signs, neurological examination, food consumption, body weight gain,
hematological or blood biochemistry parameters. The absolute and relative organ
weight of vital organs did not differ significantly from that of the control. Necropsy and
histopathological examination did not reveal any remarkable or treatment related
changes a level of 500 mg/kg bodyweight was established in rats as having no adverse
effects (Joshua Allan et al., 2007). Chronic oral administration at doses of 30, 60, 300
and 1,500 mg/kg for 9 months in rats did not produce toxicity. However, the blood
chemistry parameters, glucose and aspartate aminotransferase, underwent minor
alteration but remained within the normal range in rats treated with 60, 300 and 1,500
mg/kg of BM extract. This data suggested that BM extract did not alter the function of
the pancreas, liver or kidney (Sireeratawong et al., 2016). The LDso of BM extract
administered orally to rats was 5 g/kg for aqueous extracts and 17 g/kg for the alcohol
extract (Al-Snafi, 2013).

A safety study of BM in humans showed that oral administration of
BacoMind®, an enriched phytochemical composition of BM (300 mg for the first 15
days and 450 mg for the next 15 days), in healthy adults did not cause any serious or
abnormal physiological, biochemical or electrocardiographic effects. Mild adverse
gastrointestinal events were observed in the trial, which subsided spontaneously.
BacoMind® therefore met the safety criteria at the dose administered for the given

duration of trial period in healthy adult volunteers (Pravina et al., 2007).
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Efficacy and safety of mulberry

Mulberry or Morus alba Linn, abundantly contain active anthocyanin
compounds. Oral treatment with mulberry fruit extract in streptozotocin-induced
diabetic mice for 2 weeks caused a decrease in fasting blood glucose (FBG) and
glycosylated serum protein (GSP), and an increase in antioxidant enzymatic activity
(SOD, CAT, GSH-Px), thus mulberry fruit extract produced antidiabetic and antioxidant
activities (Wang et al., 2013). Seven week administration of mulberry fruit extract
polysaccharides on high-fat diet-induced and streptozotocin-induced diabetic rats has
shown antidiabetic effects (Jiao et al., 2017). Oral mulberry fruit extract treatment (210
mg/kg) in atherosclerotic rats for 6-week has shown reduced total cholesterol,
triglyceride, and LDL-cholesterol levels, as well as the atherogenic index. Furthermore,
this treatment enhanced anti-oxidative enzyme activity. Histopathological examination
has shown that mulberry fruit extract attenuated hepatic steatosis and reduced intima-
media thickness and arterial atherosclerotic lesions in atherosclerotic rats (Jiang et al.,
2017). Rats fed with high fat diet supplemented with mulberry fruit powder had
decrease in the serum liver triglyceride, total cholesterol and serum LDL cholesterol and
increase in the serum HDL cholesterol, suggested that mulberry fiuits might have a
hypolipidemic effect because mulberry fruits have high content of dietary fiber and
linoleic acid (Yang et al., 2010). Chen et al. (2005) also reported that rabbits fed with
high cholesterol diet plus mulberry fruit extract for 10 weeks had lower levels of total
cholesterol, LDL cholesterol, and triglycerides, and reduced severe atherosclerosis in
the aorta. They found no adverse effects on the changes of liver or renal functions were
reported (Chen et al., 2005). Moreover, no significant changes of serum blood urea
nitrogen, creatinine, potassium and sodium ions were found in the hamsters fed with
mulberry fruit water extract for 12 weeks (Peng et al., 2011). However, there is
insufficient clinical study of the mulberry fruit for the safety of mulberry fruit

consumption (Zhang et al., 2018)

Vascular structure ‘
The walls of blood vessels are composed of three layers. The tunica intima
(endothelial cells and internal elastic membrane) which lines the lumen or interior of

vessels, is the thin layer of endothelium (squamous epithelial cells) resting on the
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basement membrane. The tunica media (vascular smooth muscle cells and external
elastic membrane) making up most of the mass is mostly smooth muscle and elastic
tissue. The tunica adventitia is the outermost tunic; it is composed largely of fibrous
connective tissue. The tunica adventitia contains perivascular adipose tissue cells,
fibroblast cells, collagen fibers and nerve endings. Its function is basically to support
and protect the vessels (Zhao et al., 2015) (Figure 4A). A histology of the normal vessel
and histological alterations of vascular aging and atherosclerosis was illustrated as cross
sectional view of the arterial wall (Figure 4B). Aged artery is characterized by a
thickened vessel wall, thickened subendothelial layer, elastin fragments, vascular
smooth muscle cells migration and invasion. Atherosclerosis is characterized by the
accumulation of plaque and the invasion of macrophages and foam cells (Xu et al.,
2017). The vascular structural changes can cause vascular stiffness, impaired
endothelial function and increased blood-brain barrier permeability. Vascular aging
induces vascular remodeling, causing vascular dysfunction, cerebrovascular and
cardiovascular diseases. The vascular effects of aging were noted from atherosclerosis,
which is distinguished by a variety of structural alterations in the vascular wall including
an accumulation of lipids in plaques (Figure 4B) (Xu et al., 2017).

The metabolism of endothelial cells was a potential target in atherosclerosis.
The L-arginine competes with the asymmetric dimethylarginine (ADMA) and increased
production of nitric oxide (NO). The atherosclerotic patients were evidenced with high
plasma ADMA levels and leads to reduced eNOS activity (Figure 5) (Pircher et al.,
2016).
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Figure 4 Vessel structure (A) and histology of the normal vessel,

vascular aging and atherosclerosis (B)



31

Citrulline
+NO |

\ |
\
\l
eNos
uncoupling

N\

ADMA
L-arginine

4+ROS

Figure 5 Endothelial cells metabolism deregulation in atherosclerosis

Regulation of vascular tone

The increase in [Ca?']i leads to the activation of contractile machinery in
vascular smooth muscle in that, firstly, Ca** forms a complex with the calcium binding
protein, calmodulin (CAM). Secondly, the Ca**-calmodulin complex activates a
phosphorylating enzyme called myosin light chain kinase (MLCK), which causes
phosphorylation by ATP of the light chain protein that is a portion of the cross-bridge
head of myosin. Finally, myosin light chain phosphorylation enables cross-bridge
formation and cycling during which energy from ATP is utilized for tension
development and shortening of myofilament. Figure 6 was shown the mechanical or
pharmacological activation increases the intracellular calcium concentration by influx
into the cell following opening of calcium channels in the plasma membrane via
receptor-operated channel (ROC), store-operated channel (SOC) and voltage-dependent
calcium channel (VDCC). The calcium ion from internal stores (sarcoplasmic
reticulum) was released via inositol 1,4,5-trisphosphate (IP3) recebtor (P3R)-mediated
calcium release and: ryanodine receptor (RyR)-mediated calcium release.
The intracellular free calcium ions bind to calmodulin and the calcium calmodulin
complex activates MLCK. Activated MLCK phosphorylates the myosin light chain
(MLC), which leads to cross-bridge formation between the myosin heads and the actin

filaments. Cross-bridge formation results in contraction of the smooth muscle cell.
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Receptor-operated channel (ROC) and store-operated channel (SOC); voltage-
dependent calcium channel (VDCC). Vasoconstrictors also promote contraction by
Ca?" sensitization. Ca?" sensitization is caused by the inhibition of myosin phosphatase

(MLCP) which normally permits relaxation. This increases myosin light-chain

phosphorylation (Zhao et al., 2015).

Figure 6 Mechanical or pharmacological activation increases the intracellular

calcium concentration

Regulation of vascular tone by nitric oxide (NO). NO regulates vascular tone
by stimulation of soluble guanylyl cyclase (sGC) in the vascular smooth muscle cells to
induce formation of cyclic guanosine monophosphate (¢cGMP). The cGMP activates
protein kinase G (PKG), which prevents the calcium influx from VDCC and calcium
release mediated by IPsR. PKG also acts on sarco/endoplasmic reticulum calcium
ATPase (SERCA) to promote the reuptake of cytosolic calcium into the SR. The

intracellular calcium concentration was decreased and calmodulin is inactivated which
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no longer able to activate MLCK. Calcium depletion also increases the activity of
MLCP. The actin-myosin cross-bridge is broken and caused smooth muscle relaxation

Under hypoxic condition, sCG produces inosine cyclic 30,5'-monophosphate
(cIMP) instead of cGMP, which activates Rho-associated protein kinase (ROCK) and
inhibits ML.CP, resulting in contraction. S-nitrosylation (S-NO) increases the activity
of SERCA which accelerates calcium depletion and induces relaxation (Figure 7) (Zhao
et al., 2015).

Smooth muscle cell

Relaxation

Figure 7 Regulation of vascular tone by nitric oxide

NO strongly inhibits the release of a potent vasoconstrictor, endothelin-1
(ET-1) from the endothelium and ET-1 strongly inhibits NO-mediated vasodilation.
ET-1 most relevant in the vasculature and in contributing to the maintenance of vascular
tone. At elevated concentrations, associated with pathological conditions, ET-1 is pro-
inflammatory and promotes smooth muscle proliferation, in addition to atherosclerosis.
The effects of ET-1 are mediated through activation of two receptors, ETa and ETs.

The ETs receptor is also found on endothelial cells, where its activation results in
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vasodilation mediated by the vasodilator prostacyclin (PGIz) and NO release. The
relaxation was occurred. ETg also plays a role in the clearance of circulating ET-1

(Figure 8) (Cahill and Redmond, 2016)

Figure 8 NO inhibits the release of ET-1, while ET-1 inhibits NO-mediated

vasodilation

Vascular dementia

There are over 50 million people living with dementia globally in 2019
(Alzheimer’s-Disease-International, 2019). The people with dementia currently live in
low- and middle-income countries and most new cases (71%) are expected to occur in
those countries. The current annual cost of care for dementia’s patients is estimated at
US $1trillion (World-Health-Organization, 2017), which was increased intensely due to
the increasing number of patients with the aging society (Raju et al., 2020). Vascular
dementia (VaD) is the second most common cause of dementia worldwide, after
Alzheimer's disease (AD) in the elderly (Roman, 2002). VaD is a neurocognitive
disorder, which is explained by vascular causes (Kalaria, 2016). The most important
causes of VaD include normal aging and vascular disease. In vascular disease, blood
supply to the brain is obstructed by plaque in the blood vessels, a process called

atherosclerosis. Carotid arteries become narrow as part of cerebrovascular disease. This
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leads to a decrease in cerebral blood flow to capillary beds within the brain and causes
insufficient oxygen and nutrients to reach the brain. The consequences include brain
cell death, also known as hypoxic neuronal death, leading to cortical atrophy. The end
result is vascular dementia (de La Torre, 2012). Major risk factors for VaD include
hypertension, cardiac disease, diabetes and hyperlipidemia. Currently, there is a lack of
effective pharmacological treatment options for VaD (Baskys and Hou, 2007). Current
treatment approaches for VaD are mostly limited to simply controlling the major risk

factors.

Learning and memory

Learning is the process of acquiring new information, the outcome of which is
memory. That is, a memory is created when something in learned, and this learning
may occur either by a single exposure to the information, or by repetition of the
information. Memory is necessarily something that persists over time.

Learning and memory can be subdivided into three major hypothetical stages:

1. Encoding is the processing of incoming information to be stored and has
two separate steps: acquisition and consolidation. Acquisition registers inputs in
sensory buffers and sensory analysis stages; consolidation creates a stronger
representation over time.

2. Storage, the result of acquisition and consolidation, represents the
permanent record of the information.

3. Retrieval utilizes stored information to create a conscious representation or
to execute a learned behaviour such as a motor act.

Models of memory include distinctions among sensory memory, short-term
memory, and long-term memory, which are based on how long information is retained.
Sensory memory has a lifetime measurable in milliseconds to seconds, as when we
recover what someone said to us a moment ago even though we were not paying close
attention at the time. Short-term memory is associated with retention over seconds to
minutes. This category may include remembering a phone number provided by a
telephone operator as we frantically try to dial it. Long-term memory is measured in

days or years - an event from childhood or from last week, for example. The various
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types of short-term and long-term memory are discussed in detail in the sections that

follow and summarized in Table 4 (Gazzaniga et al., 2009).

Table 4 Types of memory

TYPE OF CHARACTERISTIC OF MEMORY

MEMORY Time Capacity Conscious ~ Mechanism of
Course Awareness? Loss

Sensory Milliseconds High No Primarily Decay
to seconds

Short-Term and Seconds to  Limited Yes Primarily Decay

Working minutes (7£2 items)

Long-Term Days to High No Primarily

Nondeclarative years interference

Long-Term Days to High Yes Primarily

Declarative years interference

Short-term memory and working memory

Short-term memory has a time course - seconds to minutes - and a much more

limited capacity. Cognitive psychologists elaborated the details of the model. Sensory

information enters the information-processing system and is first stored in a sensory

register. Items that are selected by attentional processes are then moved to short-term

storage. With rehearsal, the item can move from short-term to long-term storage

(Figure 9).
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Figure 9 The model of memory

The concept of working memory was developed to extend the concept of short-
term memory and elaborate the kinds of mental processes that are involved when
information is retained over a period of seconds to minutes. Working memory
represents a limited-capacity store for retaining information over the short term
(maintenance) and for performing mental operations on the contents of this store
(manipulation). The contents of working memory could either originate from sensory
inputs by way of sensory memory or could be retrieved from long-term memory.
In each, working memory contains information that can be acted on and processed, not
just maintained by rehearsal, although such maintenance is one aspect of working
memory.

Deficits in short-term memory abilities, such as remembering items on a digit
span test, can be correlated with damage to subcomponents of the working memory
system. Each system can be damaged selectively by different brain lesions. Lesions of
the left supramarginal gyrus lead to deficits in phonological working memory. Patients
with lesions to this area have reduced auditory-verbal memory spans. The visuospatial

sketch pad is compromised by damage to parieto-occipital region of both hemispheres,



38

but damage to the right hemisphere produces more severe deficits in visuospatial short-

term memory (Gazzaniga and Miller, 2009) (Figure 10).

Supramarginal ParieTAL LoBe
gyrus
Broca's
area angular FronTAL
gyrus Lose

Waernicke's area

primary auditory area

TemporaL LOBE

Figure 10 Gyrus and region of brain

Working memory assessment

OccipitaL
Lose

This study assessed the memory and the attention, in order to study the working

memory in volunteers after treated with Brahmi concentrated essence. Four domains of

working memory comprising power of attention, continuity of attention, quality of

memory, and speed of memory were assessed via computerized battery test (Peth-Nui

et al., 2012). Four domains included:
Domain 1: Power of attention,
Domain 2: Continuity of attention
Domain 3: Quality of memory

Domain 4: Speed of memory

A selection of computer-controlled tasks from the system was administered.

Task presentation was performed via touch-screen monitors, and all responses were

recorded via YES/NO response boxes on the screen. The entire selection of tasks

presented took approximately 20 minutes. Tests was administered in the following order

(Table 5).
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Association of cognition and vascular function

Cognitive impairment can cause problems with a thinking, communication,
understanding or memory. This might be a short-term or a permanent condition.
Symptoms might involve difficulty recognizing people, places or things. Lifestyle
factors and physiological risks have been linked to augmented risk of cognitive change
including diabetes, smoking, elevated cholesterol, obesity, depression, inflammation
and hypertension (Gorelick et al., 2011). Both of physiological risks and lifestyle
factors can damage cells and organs including nerve cells and the vessels. The causes
of dementia can be varied depending on types of brain changes. Alzheimer's disease is
the most common cause of dementia in older people. Moreover, the other dementias
include Lewy body dementia, frontotemporal disorders, and vascular dementia. Itisa
common for patients to have a combination of two or more types of dementia for
example, some patients have both Alzheimer's disease and vascular dementia (Weller,
& Budson, 2018). Cerebrovascular disease and Alzheimer disease lesions are common
in aging populations and cerebrovascular lesions can diminish cognitive status. Several
research found that vascular dementia is the second most common cause of clinical
dementia after Alzheimer disease. Additionally, cerebrovascular lesions worsen the
impact of Alzheimer disease and other dementia pathologies and it may contribute to
Alzheimer disease pathogenesis. This reflected the concept of vascular contributions to
cognitive impairment and dementia (Madigan et al., 2016). Vascular cognitive
impairments arise on sequence ranging from mild deficits among the patients with
vascular risk factors such as cardiovascular disease to the severe cognitive dysfunction
characteristic of vascular dementia. Cardiovascular disease was once thought to carry
slight risk to the brain given its capacity for vascular autoregulation and continued
cerebral perfusion under adverse hemodynamic conditions. Brain dysfunction
associated to cardiovascular disease is usually attributed to acute stroke during the
cardiac surgery or in response to cardiac incidence such as arrhythmia (Gorelick et al.,
2011).

Ronald A found that systemic vascular functions are associated with cognitive
performance and structural brain abnormalities on MRI in elderly patients with
cardiovascular disease aged 56-85 years old (Cohen et al., 2009). Moreover, many

studies have proposed the association between vascular endothelial dysfunction and
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cognitive impairment. Especially, the value of the reactive hyperemia-peripheral
arterial tonometry has been indicated to represent the status of systemic atherosclerosis
including microvascular disease, vasospastic artery disease, peripheral arterial disease
and thrombus formation. Fujiyoshi et al. (2018) reported that 36% of elderly male
patients with cardiovascular disease had normal cognitive function and 64% patients
had cognitive impairment. Furthermore, the values of the reactive hyperaemia-
peripheral arterial tonometry indexes in cognitive impairment patients were
significantly lower than that in the non-cognitive impairment patients. Many current
studies have demonstrated that the cognitive function is impaired in the cardiovascular
disease patients with an increased the platelet activity, increase of thrombogenicity, or

decreased cardiac function called heart-brain continuum (Fujiyoshi et al., 2018).



CHAPTER III

RESEARCH METHODOLOGY

PART I Preclinical animal study
1. Vasorelaxant study of rat isolated mesenteric arteries

Tissues were isolated from male Wistar rats (200-300 g) purchased from
Nomura Siam International Co Ltd, Bangkok, Thailand. Experiments were approved
by Naresuan University Animal Care and Use Committee (NUACUC), protocol number
NU-AE 600710. The rats were housed under the environmental conditions at 22+1 °C,
12-hour light and dark cycle, fed with standard rodent diet and tap water in Naresuan
University Center for Animal Research (NUCAR) according to the guide for care and
use of laboratory animals, the eighth edition (Institute of laboratory animal research,
2011). Rats were anesthetized by intraperitoneal injection of thiopental sodium (100
mg/kg BW) and killed. The mesenteric arteries were excised, cleaned of surrounding
loose connective tissue and cut into rings of 3-5 mm width. In some experiments,
endothelial cells were mechanically removed by gently rubbing the lumen with a
stainless steel wire. The mesenteric rings were mounted on a pair of intraluminal wires
in organ chambers containing physiological Krebs’ solution (mM): NaCl, 122; KCl, 5;
[N-(2-Hydroxyethyl) piperazine N'~(2-ethanesulfonic acid)] HEPES, 10; KH2PO4, 0.5;
NaH,POy4, 0.5; MgCla, 1; glucose, 11; and CaCly, 1.8 (pH 7.3), at 37 °C and aerated
(Kamkaew et al., 2011; Wisutthathum et al., 2018a; Wisutthathum et al., 2018b;
Wisutthathum et al., 2018c). The vessel segments were allowed to equilibrate for 1-hour
at a resting tension of 1-1.3 g during which the solution was replaced every 15 min.
Changes in isometric tension were measured using force transducer lever (CB Sciences
Inc., Milford, USA) connected to a MacLab A/D converter (Chart V7; A.D. Instruments,
Castle Hill, Australia), stored and displayed on a personal computer. Following
stabilization, the arterial rings were tested for viability by the application of 10 pM
phenylephrine (PE). Upon development of a steady contraction, the endothelium status
was tested with 10 uM acetylcholine (ACh). The vessel was considered endothelial

intact when the ACh induced >70% relaxation. After establishing the status of the
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endothelium, the rings were then rinsed with Krebs” solution for 30 min and one of the

following protocols was initiated (Figure 11).

| Bacoside A L Luteolin |
Effect of Brahmi compounds . Bacopaside I f . Apigenin
Vasorelaxation ; E Mechanisms of action
I Endothelium-mediated vasodilation | l smooth muscle l

l Endothelial nitric oxide production I LCRH influx

‘ Ca* release from SR I

Figure 11 Framework of animal study

2. Vasorelaxant effects of BM active compounds on endothelial intact
arteries
Following stabilization, endothelial intact rings of mesenteric arteries were
pre-contracted with 10 pM PE. After the contraction had become constant, the Brahmi
active compounds (0.1-100 pM), including luteoliri, apigenin, bacoside A or bacopaside
I was cumulatively added (Figure 12). Luteolin (lot 126M4061V) and apigenin (lot
WE445301/1) were purchased from Sigma Aldrich (St. Louis, MO, USA). Bacoside A
(lot 00002005-003) and bacopaside I (lot 00002002-T17H) were purchased from
ChromaDex, Inc. (Irvine, CA, USA).
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Blood vessel rings t
Qrgan bath
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/ - Vasocontraction

i

10 pM PE

Figure 12 Organ bath technique for vasorelaxant study

3. Vasorelaxant effects of BM active compounds on endothelial denuded
arteries
Successful endothelial denudation was confirmed by the absence of
relaxation upon addition of 10 uM ACh. To investigate the role of endothelium in
vasorelaxation induced by luteolin, apigenin, bacoside A or bacopaside I, the endothelial
denuded arteries were used. Then the responses presented as % relaxation were
compered with those of endothelial intact arteries.
4. Vasorelaxant mechanism of BM active compounds via eNOS pathway
The role of the endothelial relaxing factor, NO, in vasorelaxation induced
by luteolin, apigenin, bacoside A or bacopaside I was evaluated in endothelial intact
ring pre-treated with the eNOS inhibitor, NCnitro-L-arginine methyl ester (L-NAME,
100 pM), for 30 min prior to 10 pM PE pre-contraction.
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5. Vasorelaxant mechanism of BM active compounds on extracellular
Ca** influx
Endothelial denuded mesenteric arteries were equilibrated in Ca®*-free
Krebs® solution (containing (mM): ethylene glycol-bis (B-aminoethyl ether)-N,N,N,N
tetra acetic acid (EGTA), 0.01; NaCl, 122; KCl, 5; HEPES, 10; KH2PO4, 0.5; NaH2POq,
0.5; MgCly, 1 and glucose, 11 (pH 7.3)) for 30 min followed by replacing with Ca**-
free Krebs® solution containing 80 mM K* for 10 min which depolarizes the vascular
smooth muscle cells, thus opening voltage-operated Ca®* channels (VOCCs). Various
concentrations (0.01-10 mM) of CaCl, were then added in a logarithmic progression.
After obtaining the maximum response, the baths were washed out and replenished with
Ca?*-free Krebs® solution for 30 min. The Ca?*-free 80 mM K solution was then re-
applied following pre-incubation for 10 min with either: 10 pM active compounds or 1
uM nicardipine (antagonist of VOCCs). Concentration-response curves to cumulative
addition of CaCl, were then repeated and compared with maximum contraction evoked
by previous control CaCl, challenges.
6. Vasorelaxant mechanism of BM active compounds on intracellular
Ca?* release
To stimulate initial Ca2* loading of the SR Ca*" stores, endothelial denuded
mesenteric arteries were exposed to 80 mM K* solution for 5 min, and then washed out
with Ca%"-free Krebs® solution containing 1 mM EGTA for 10 min. The arterial rings
were then challenged with 10 uM PE (acting through phospholipase C/IP3 signaling)
which release Ca2" from the SR thereby eliciting a transient contraction (Kamkaew
et al., 2011). The same protocol was then repeated to ensure that similar transient
contractions to PE could be obtained. Then, the arterial rings were challenged again
with 80 mM K* solution for 5 min, and washed out with Ca**-free Krebs’ solution
containing 1 mM EGTA and 10 pM active compounds for 15 min. The arterial rings
were again challenged with 10 uM PE. The PE-induced contractions were compared in
the presence or absence of active compounds.
7. Statistical analysis
Statistical analysis was performed using GraphPad Prism version 5.00 for
Windows, (La Jolla, CA). Data from each concentration-response curve was analysed

using nm—repeated two-way ANOVA. Curve fitting in the figures was generated by the
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same software using non-linear regression. The ECso and Emax were compared using
unpaired Student's ¢ test. Values are expressed as mean + SEM. A p-value<0.05 was
considered significant. ‘n’ is the number of vascular rings used, each ring originating from

a different animal.

PART II Clinical trial study
1. Investigational Product

The aerial part of Brahmi was collected from Phetchaburi province,
Thailand, and identified by Associate Professor Wongsatit Chuakul, Faculty of
Pharmacy, Mahidol University, Thailand. The voucher specimen (Phrompittayarat 001)
was kept at the Pharmaceutical Botany Mahidol Herbarium, Mahidol University,
Thailgnd. Brahmi was extracted using 95% ethanol and its total saponin content 16.03%
(w/w) comprising bacoside A3 (2.22%), bacopaside I (3.54%), bacopaside II (4.68%)
bacopaside X (3.25%), and bacopasaponin C (2.34%), was determined by high pressure
liquid chromatography as previously réported (Phrompittayarat et al., 2007a;
Phrompittayarat et al., 2007b). Frozen mulberries were purchased from Queen Sirikit
Sericulture Center, Nan, Thailand. The investigational products were produced as 2
formulations; (i) Placebo: The placebo (40 ml/bottle) was prepared with mulberry
solution (39.6 ml) and sucralose solution (0.4 ml). (ii) EBM: The Brahmi essence mix
mulberry preparation was the same as the placebo, but added with Brahmi (194 mg
Brahmi extract containing 16.03% of total saponin) (Figure 13). The EBM had the same
colour, texture, volume and smell as the placebo. All essence products were pasteurized

by boiling at 75°C for 15 min and kept refrigerated (4°C) for this clinical study.
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Figure 13 Essence of Brahmi mix mulberry

2. Human Ethical Approval
The study protocol was approved by the Naresuan University Ethical
Committee for Human Research (NU-IRB) with IRB No. 0898/60 and the research
protocol approved certificate COA No. 197/2018 (Figure 14). All supporting and

approval documents were attached in the appendix section of this thesis.
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3. Participants

This clinical trial project enrolled participants from 55-80 years of age.
The populations for this project was “A person, aged 55-80 years, who was not suffering
from any diseases, as schizophrenia, dementia, depression, liver disease, kidney disease,
diabetes, cancer, stroke, hypertension and hyperlipidaemia treated with therapeutic anti-
hyperlipidaemia drugs”. The criteria considerations to enrol the participants in this study
were inclusion criteria, exclusion criteria, withdrawal of participant criteria, and
termination criteria.

Inclusion criteria: Participants were included according to the following
criteria: 55-80 years of age, Thai ethnicity, able to listen, speak and write in the Thai
language, education at least the 4"_year of primary school and voluntarily signed the
consent form. 7

Exclusion criteria: They were excluded, if they had at least one of the
following conditions i.e., liver disease, kidney disease, diabetes, cancer, stroke,
hypertension, hyperlipidaemia treated with therapeutic anti-hyperlipidaemia drugs,
schizophrenia or psychotic disorders, dementia or Alzheimer’s disease, depressant (as
diagnosed by a physician), prégnant or plan to become pregnant, taking herbal
supplements or drugs which may interfere with the nervous system or clinical study
outcomes, smoking (>10 cigarettes per a day), and trying to lose weight.

Criteria for the withdrawal of participants: They were withdrawn, if they
met some of the following criteria during the study period: Receiving drugs or herbal
supplements that may interfere with the nervous system or clinical study outcomes
during the study, diagnosed with schizophrenia or another psychotic disorder, dementia,
Alzheimer’s disease or depression by a physician during the study period, pregnant
during the study, not participating in consumption of the investigational product,
missing the appointment or the physical examination, experiencing over normal values
of liver enzyme, blood urea nitrogen (BUN), creatinine and estimated glomerular
filtration rate (¢GFR), having an accident that renders them unable to continue the study,
voluntarily leaving the study or experiencing a serious adverse event (SAE) where the
situation may be acute and/or life-threatening and requires inpatient hospitalisation. The

SAE may result in disability and have congenital causes.
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Termination criteria: The participants were asked to terminate the study
where SAE was found from the EBM or the placebo consumption.

The participants were saught by using advertisements around Naresuan
University and health-promoting hospitals and direct contacting with people in the
villages in Phitsanulok province. Informed consent was processed before the screening.
Firstly, the researcher explained the purposes of the project to the participants. The
explanation included aims, duration, visit times, procedures, potential harm or risks, and
let them feel free to ask any relevant questions. After that, participants were required to
voluntarily sign the informed consent form. The next step, screening was performed by
a physician and/or a researcher from the project. As the exclusion criteria, if the
participants did not pass any criteria (screening failure), they were excluded from the
study. The screening tools consisted of a personal and general information
questionnaire, medical health questionnaire, Mini-mental state examination-Thai 2002
(MMSE) and Thai geriatric depression scale (TGDS).

4. Study design

This study was conducted as a 12-week double-blind and placebo-controlled
randomized trial. Participants were divided into two groups; a placebo group and an
EBM group. Each participant received one bottle of placebo or EBM once daily. EBM
had the same colour, texture, volume and smell as the placebo. The code used was the
randomized double-blind coding using a block of four randomization (Kim, & Shin,
2014; Srivilai et al., 2018), and these were blinded for both researchers and participants.

After the participants passed the screening, they came to the site, i.e. (1) the
Faculty of Medical Science, Naresuan University and (ii) Cosmetics and Natural
Products Research Center (CosNat), Faculty of Pharmaceutical Sciences, Naresuan
University. They were asked to attend 6 visits as shown in figure 15 i.e., the first visit
(visit 1) for an orientation period, so called placebo run-in (a period of 2 weeks that all
participants consumed placebo only), four treatment visits (visit 2-5: week 0, 4, 8 and
12), and another visit (visit 6) at week 16 for follow up. The measured parameters were
memory, carotid blood flow, reactive hyperaemic blood flow on hand area, blood
pressure, heart rate, body mass index, waist hip ratio, and blood biochemistry
parameters. The blood (15 ml) from a participant was drawn for analysis according to

the parameters of blood biochemistry, i.e. glycated haemoglobin (HbAc), lipid profile,
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calcium, liver function test i.e. aspartate aminotransferase (AST), alanine transaminase
(ALT) and alkaline phosphatase (ALP), and kidney function test i.e. BUN, creatinine
and eGFR were assessed from serum. The ICAM-1, VCAM-1 and ADMA were
assessed from plasma (Figure 16). The participants were asked about adverse events at
week 0, 4, 8, 12 and 16 follow-up visits.

For participant protection, the adverse events were assessed at treatment
period of week 0, 4, 8, 12, and 16 (follow-up). The rescarcher asked the participants
about any adverse events and reported any adverse events in a case report form and also
in the diary provided to the participants. In their diaries, participants recorded
symptoms, frequencies, symptom details, and the management of occurring adverse

events to participants. The researcher provided preventive ways to protect participants.

Screening 9 : ~)§ ; -—-—-—! -a-}}w f}va

Run-in 2-wk Week-0 Week-4 Week-8 Week-12 Week-16
: Foliow-
Placebo { Treatment /! onow-up
l;ssessments visit 1 visit 2 visit 3 visit 4 visit 5 visit 6 I

Blood biochemistry

v v v
I Reaclive hiyperemia BF v v v v v l
v v v v v

‘ Carotid BF

Figure 15 Timeline for all parameter assessments of the clinical trial study

Abbreviations: MMSE = Mini-Mental State Examination, BF = Blood flow
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Figure 16 Framework of the clinical trial study

5. Procedures of each visit
5.1 Placebo run-in period (Visit 1)

The participants were asked to fast for 10-12 hours before the visit. At
the visit site, they were operated, as follow: (i) Blood drawing (15 ml) by a medical
technician for the measurement of fasting blood glucose (FBG), lipid profile, HbAic,
calcium, liver function test, BUN and creatinine, (ii) Memory assessment using the
computerised cognitive battery test, and (iii) Body weight (BW), waist-hip ratio (WHR)
and blood pressure assessment. Each participant received 14 bottles of placebo to take
over the following two weeks, so called “placebo run-in period”. They had to take 1
bottle of placebo per day at the same time thirty minutes after breakfast and recorded
their experiences of placebo consuming every day in a diary. In addition, they had to
keep the empty bottles and returned them at the next visit appointment. The advantages
of the placebo run-in were (i) screening participants that can actually take the product
for the time periods of the study, (ii) studying the safety of placebo or adverse events,
and (iii) to provide twice baselines of blood biochemistry values.

5.2 Treatment period at week 0 (Visit 2)

The participants were asked to fast for 10-12 hours before the visit. At

the visit site in week 0 of the treatment period, the participants were operated as follow:

(i) Questioned for adverse events. (ii) Blood drawing (15 ml) for blood biochemistry
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analysis by a medical technician. (iii) Memory assessment using the computerised
cognitive battery test. (iv) Carotid blood flow velocity measurement using vascular
Doppler ultrasound for blood flow in the carotid artery by a vascular Doppler ultrasound
technician. (v) Reactive hyperaemia blood flow measurement on hand area using the
real-time microcirculation imaging peri-cam PSI system or Perimed (Sweden). (v) BW,
WHR and blood pressure assessment. The participants were divided into two groups,
the EBM treatment and placebo control groups. The code used was the randomised
double-blind coding using block of four randomisation, and these were blinded for both
researchers and participants. Bach participant received either 28 bottles of EBM or
placebo to take over the following four weeks. They were asked to record the
consumption of EBM or placebo each day in the diary provided. They returned the
empty bottles and their diaries at the next visit appointment.
5.3 Treatment period at weeks 4 and 8 (Visit 3-4)

At the visit site, the participants were operated in the same way as visit
2, but without blood drawing.

5.4 Treatment period at week 12 (Visit 5)

The participants were asked to fast for 10-12 hours before the visit. At
the visit site, they were operated the same way as visit 2. The participants returned the
empty bottles and their diaries. This was the end of treatment period, thus the
participants no longer received neither EBM nor placebo.

5.5 Follow up period at week 16 (Visit 6)

Four weeks after the end of the treatment period, at the visit site, the
participants were operated the same way as visit 3-4. After that, the participant code
was broken and data of each participant group (EBM and placebo) were entitled as A or
B. This was blinded to the researcher until all the data analysis were completed.

| 6. Cognitive Assessment
The present study investigated the effect of EBM compared with placebo on
cognitive function by assessing the four domains of working memory comprising 1)
quality of memory, 2) speed of memory, 3) power of attention, and 4) continuity of
attention using computerised battery test, developed by Assoc.Prof.Dr. Jintanaporn
Wattanathorn, Khon-Kaen University, Thailand. A selection of computer-controlled

tasks was presented to the participants at the site visit 1-6 for coguitive assessment. Task
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presentation was conducted via touch-screen monitors, and all responses i.e., accuracy
and reaction times of the participants were recorded via YES/NO response boxes on the
computer screen (Figure 17). The asssessment took approximately 20 minutes and the

tasks were presented in the following order (Figure 18).

Figure 17 Participating of participants in the cognitive computerized battery test
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4 Tasks I7WordJ (_Pl‘ctﬂﬂ Spatial {NN_umericJ

C]W;WU'\'!

(A) The 4 tasks of the cognitive computerized battery test

Simple Choice

(B) The tasks for the attention and the continuity of attention

Figure 18 The 4 tasks, including the word recognition, the picture recognition,
the spatial working memory and the numeric working memory, of
the cognitive computerized battery test for quality of working
memory and speed of memory (A) and The tasks for the power of
attention and the continuity of attention, including the simple and

the choice reaction time (B)

6.1 Word presentation

Participants sat in front of a laptop in a quiet room throughout the
duration of the experiment. Fifteen Thai words were presented in sequence on the
monitor for the participant to remember. The participants were presented with a list of
words in order of word number 1 to word number 15 and asked to memorise them.
Immediately after the presentation of the last remembered word, participants were
presented with a sequence of 15 test words consequently, consisting of the remembered
words and new words. If the participants press “Yes” on the screen with the remembered
words that had already been presented, this means the correcting answers. If the
participants press “No” on the screen with the new words that had not yet been exposed,

this means the correcting answers. In contrast of these, it means incorrecting answers.
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duration was 1s, as was the interstimulus interval. After that, the results were shown
on the screen consisting of the number correcting and incorrecting answers, the %
accuracy and the average of response time of correcting answers.
8. Picture Presentation
A series of 20 photographic images was presented on the monitor at the rate
of 1 every 3 sec, with stimulus duration of 1 sec, for the participant to remember. The
procedure of this task was similar to the word presentation, but there were the pictures
insteaded.
9. Simple Reaction Time
The participant was instructed to press the “yes” response button as quickly
as possible every time the word “yes” was presented on the monitor. Fifty stimuli were
presented with an interstimulus interval that varied randomly between 1 and 3.5 sed.
Reaction times were recorded in milliseconds.
10. Choice Reaction Time
Either the word “yes” or the word “no” was presented on the monitor, and
the participant was required to press the corresponding button either “yes” or “no” as
quickly as possible. There were 50 trials, in which the stimulus word was chosen
randomly with equal probability, with a randomly varying interstimulus interval
between 1 and 3.5 sec. Reaction time (millisecond) and accuracy (%) were recorded.
11. Spatial Working Memory
A pictorial representation of a house was presented on the screen with four
of its nine window lits (Figure 18). The participant was instructed to memorize the
position of the illuminated windows. In 36 subsequent presentations of the house, one
of the windows was illuminated and the participant decided whether or not this matched
one of the lighted windows in the original presentation. The participant made their
response by pressing the “yes” or “no” response button as quickly as possible. Mean
reaction times were measured in milliseconds, and the accuracy of responses to both
original and novel (distracter) stimuli was recorded as percentages that were used to

derive a “percentage greater than chance performance” score.



59

12. Numeric Working Memory

Five digits were presented sequentially for the participant to hold in
memory. This was followed by a series of 30 probe digits for each of which the
participant decided whether or not it had been in the ori ginal series and pressed the “yes”
or “no” response button as quickly as possible. This was repeated two times with
different stimuli and probe digits. Mean reaction times were measured in milliseconds
and the accuracy of responses to both original and novel (distracter) stimuli were
recorded as percentages that were used to derive a “percentage greater than chance
performance” score.

The cognitive function was assessed from the above task performance of
the participants and presented in terms of the following parameters:

12.1 Quality of memory: This is a measure of working memory quality
assessed by summing accuracy scores of 4 tasks including: 1) picture recognition, 2)
word recognition, 3) spatial working memory, and 4) numeric working memory. The
score of quality of memory was expressed as percentage of maximum score of 400 (100
points for each task). The higher of scores the participants obtained, the better the quality
of memory.

122 Speed of memory: This is a measure of complex information

processing speed, derived from summing reaction times (milliseconds) of 4 tasks as
mentioned earlier i.e., picture recognition, word recognition, spatial working memory,
and numeric working memory. The less reaction times the participants spent, the better
speed of memory.

123 Power of attention: This is a measure of attention and psychomotor/

information processing speed, derived by combining reaction times (milliseconds) of
attentional tasks including simple reaction time and choice reaction time:

124 Continuity of attention: This is a measure of attention obtained by

summing accuracy score of attention, derived by calculating the combined percentage
to the maximum full score of 100 from the choice reaction time.
13. Reactive Hyperaemia Blood Flow Assessment
Reactive hyperaemia blood flow (RHBF), refers to the increase in skin
blood flow above baseline levels, following the release of an arterial occlusion (de Mul -

etal., 2009). The skin blood flow or microvascular blood flow evaluation was performed
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on the participants in fowler’s position in a quiet and temperature-controlled room at
2342 °C (50+£5% relative humidity). No subjects had any medication, alcohol and/or
drinks containing caffeine 12 h prior to the blood flow measurement. RHBF was
recorded using a laser Doppler perfusion monitoring apparatus (a real-time
microcirculation imaging peri-cam PSI system, Perimed, Stockholm, Sweden) and a
blood perfusion imager based on the laser speckle contrast analysis (LASCA)
technology with the following characteristics: 785 nm wavelength, 1388 x 1038-pixel
CCD camera and tissue blood perfusion is visualized in real time with a resolution of
up to 100 pm/pixel. Working distance between the laser head and the skin surface was
fixed at 30 cm as recommended in the manufacturer’s manual. The blood flow was
recorded and analysed by a Perisoft software (Figure 19). The blood flow value was
expressed as arbitrary perfusion units (PU). The participant blood flow was measured
in peripheral arteries of a whole hand, fingers, and a palm (Figure 20). The regions of
interest were monitored from the hand placing on the table for 3-min of the baseline
blood flow. The occlusion was performed with suprasystolic pressure (the 50-mmHg
above the systolic arterial blood pressure) using a sphygmomanometer inadvertently
inflated blood pressure cuff around the upper arm for 2-min. The cuff pressure was then
immediately released, the maximal blood flow of post occlusive reactive hyperaemia
(PORH) was assessed for the peak value of the RHBF. After the cuff deflated, the blood
flow was 3-min continually measured for the extended recovery (Figure 21). Peak value
of blood flow was determined in PU as maximal perfusion value during hyperaemia.
The amplitude of the peak RHBF was normalised with the individual mean arterial
blood pressure, then this parameter was expressed as the peak cutaneous vascular
conductance PORH (peak CVC PORH). The PORH response was then calculated from
the peak CVC PORH minus the baseline CVC. This method was modified according
to various non-invasive effective assessments for microvascular function in human
(Borges et al., 2016; Cordovil et al., 2012; Petrofsky et al., 2012; Roustit, & Cracowski,
2012).
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Figure 20 The region of interest for detecting PORH blood flow: Whole hand,

2) Fingers, 3) Palm
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Figure 21 Timeline and tracing for PORH of the whole hand (blue line),

the fingers (red line) and the palm (green line)
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14. Carotid Blood Flow Velocity Assessment

The carotid blood flow velocity was evaluated in carotid arteries, which
are located on each side of the neck (Figure 22). Blood is supplied to the brain via the
internal carotid arteries, which arise at the point in the neck where the common carotid
arteries (CCA) bifurcate, and the vertebral arteries. Thus, the blood flow velocities of
participants were assessed in the right and left sides of CCA using the early detection of
ischemic stroke device, a non-invasive device developed by Watchara Kaewmahanin, a
lecturer at Biomedical Research Unit in Cardiovascular Sciences of Faculty of Allied
Health Sciences, Naresuan University. The blood flow velocity measurement by this
device employed the principle of Doppler ultrasound, a technique that evaluates blood
velocity through a blood vessel (Lee, 2014). During the visit appointment (visit 2-6), a
probe of the device was placed over the CCA of the participant, then the frequency of
Doppler blood flow signals expressed in kHz were monitored and recored during a 5-
sec breath-hold in a the sitting position. The data were conventionally converted to a
velocity scale (cm/sec). The Doppler equation was used as AF =2 Fo V Cos © / C,
where AF was Doppler shift frequence (kHz), Fo was the ultrasound transmission
frequency (MHz), V was the blood cell velocity (cm/s), Cos © was the Cos of angle
between us and flow direction, and C was the speed of sound in soft tissue (1,540 m/sec)

(Zhang et al., 2017).
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(B) The early detection of ischemic stroke device

Figure 22 Carotid blood flow velocity assessment, using vascular Doppler
ultrasound for blood flow in the carotid artery (A), and the early

detection of ischemic stroke device (B)
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9. Endothelial marker assessment
Plasma concentrations of the endothelial markers, [CAM-1, VCAM-1 and
ADMA were measured in the participants at week 0 and 12 of the treatment period using
the commercial ELISA kits with the microplate reader at OD 450 nm. The competitive
ELISA principle was used in ADMA Elisa Kit by Elabscience (Texas USA). The
sandwich ELISA principle was used in ICAM-1 and the VCAM-1 ELISA Kkits,
ThemoFisher Scientific (MA USA) (Figure 23).

ICAM-1 principle (Sandwich ELISA)

3 Bind antigen

Add Streptavidin-HRP

l ¥ J % AddStabilized Chromogen

i }f J 5@ Add Stop Solution

S S—

=
% Capture  + % Blotin i . ‘ ﬁ
i antbody Antigen }% conjugate = Straptavidin-HRP -\ W

(A) ICAM-1 and VCAM-1 measurement

ADMA used competitive ELISA

Substrate
C Erizssubintiate

Inhibitor ; =
Aﬂﬁgt‘.‘ﬂj x W HRP enzyiie chniiated nith 4
ADMA in plasma ¥ o ' / 5 K € giotinylated Detection Ab s e to g
e € ADMA s

sl i Snebanount

Ab = Antibody
HRP= Horseradish Peroxidase

(B) ADMA measurement

Figure 23 The determination of ICAM-1 and VCAM-1 using the Sandwich
ELISA) (A), and the ADMA measurement using the competitive
ELISA (B)
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15.1 Assay Procedures of ICAM-1
The microwell strips were washed twice with the 400 pl Wash
Buffer per well and allowed to sit in the wells for about 10-15 seconds before aspiration.
The wells were then emptied on the paper towel. The 100 ul Sample Diluent were then
added in duplicate to standard wells and the blank wells. The 90 pl Sample Diluent was
then added to the sample wells. The 10 ul each sample was then added in duplicate to
the sample wells. The 50 pl prepaired HRP-Conjugate was added to all wells. The plate
was covered with an adhesive film and incubated at room temperature (18°C to 25°C)
for 1 hour on a microplate shaker. The adhesive film was removed and the wells were
emptied. and washed for 3 times. The 100 pl TMB Substrate Solution was pipetted to
all wells and then incubated the microwell strips at room temperature for 10 minutes by
avoiding of light. After that, the 100 pul Stop Solution was added into each well and the
absorbance of each microwell was read on a spectro-photometer using 450 nm as the
primary wave length (optionally 620 nm as the reference wave length).
15.2 Assay Procedures of VCAM-1
The microwell strips were washed twice with 400 pl Wash Buffer
per well and allowed to sit in the wells for about 10-15 seconds before aspiration. The
wells were then emptiéd on the paper towel. Standard dilution was then added on the
microwell plate for 4 times. The 100 pul each prediluted sample was then added in
duplicate to the sample wells. The 50 ul prepared Conjugate Mixture was added to all
wells. The plate was covered with an adhesive film and incubated at room temperature
for 2 hours. The adhesive film was removed and the microwell strips were washed 3
times. The 100 pl TMB Substrate Solution was pipetted to all wells and then incubated
at room temperature for about 10 minutes by avoiding of light. The 100 pl  Stop
Solution was added into each well. After that, the absorbance of each microwell was
read on a spectro-photometer using 450 nm wave length.
15.3 Assay Procedures of ADMA
The 50pl standard or sample (plasma) was added to the wells,
immediately 50yl Biotinylated Detection Ab working solution was added to each well
and then incubated for 45 min at 37°C. The plate was aspirated and washed for 3 times.
The 100u] HRP conjugate working solution was added and then incubated for 30 min

at 37°C. the plate was aspirated and washed for 5 times. The 90l Substrate Reagent
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was added and then incubated for 15 min at 37°C. The 50 pl Stop Solution was added.
After that, the plate was read at 450nm immediately and calculation of the results.
16. Sample Size Calculation
The sample size for the randomised controlled trial was estimated using
the formula for comparing two means (Sakpal, 2010). The mean values were obtained
from the previous clinical data on the memory speed test, reported by (Peth-Nui et al.,
2012). The description sample size in the protocol was: A sample size of 32 participants,
16 in each arm, is sufficient to detect a clinically important difference of 0.5 between
groups in increasing memory using a two-tailed z-test of difference between means with
80% power and a 5% level of significance. Considering a dropout rate of 10%, the
sample size required is 36 (18 per group).
17. Statistical Analysis
All test parameters were analysed using two-way repeated measure
analysis of variance (ANOVA) or unpaired /-test for EBM treatment group and placebo
group at the same time. The data analysis for this paper was generated using GraphPad
Prism for Windows, (GraphPad Software Inc., La Jolla, CA, USA). Values are
expressed as meantSEM. A p-value<0.05 was considered significant. ‘n’ is the number

of participants.



CHAPTER 1V

RESULTS

Preclinical study
1. Vasorelaxant effects of the Brahmi active compounds

Brahmi active compounds, including 0.1-100 pM flavonoids (luteolin and
apigenin), 0.1-100 pM bacopaside I, and the saponin mixture (bacoside A) at 0.1-100
ng/ml, caused vasorelaxation of endothelial intact (+EC) rat mesenteric arteries in a
concentration-dependent manner (Figure 24). Luteolin and apigenin showed more
efficacy (Emex 99.4£0.7 and 95.342.6%, p<xx) than bacopaside I and bacoside A (Emax
79.9+8.2% and 83.6+2.9%). In addition, t he potency of luteolin and apigenin (ECso
4.35+1.31 pM and 8.93+3.33 uM, p<xx) had also more potency than bacopaside I and
bacoside A (ECso 14.6£5.4 pM and 9.3 + 5.4 pg/ml) (Table 6 and Figure 25).

Table 6 The ECso and Emax of Brahmi active compounds on relaxation of

endothelial intact rat mesenteric arteries

Brahmi ECso Emax (%) n
compounds
Luteolin 435+131 pM 99.4+0.7 6
Apigenin 8.93+3.33 uM 95.3+2.6 9
Bacopaside I 14.6 £5.4 pM 799 £8.2 7 7
Bacoside A 9.26 + 5.38 pg/ml 83.60 +2.86 7
DMSO - 17.4 3.1 7t 7
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Figure 24 The example of original tracing showing the vasorelaxation
of the 0.1-100 pM active compound (apigenin) on endothelial
intact rat mesenteric arteries (+EC) in a concentration-

dependent manner
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Figure 25 Relaxations induced by luteolin, apigenin, and bacopaside I (0.1-100 uM)
and vehicle (DMSO) in endothelial intact mesenteric arteries
precontracted with phenylephrine (10 pM). Values are mean+SEM of 6-
9 individual arterial rings. The significant p-values were indicated as
*p<0.01 comparing relaxation for each compound with the control
(DMSO) using two-way ANOVA (n=6-9). Lines were fitted by non-linear

regression
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2. Mechanisms of vasorelaxation by Brahmi compounds

All the Brahmi compounds caused vasorelaxation in both endothelial intact
(+EC) and endothelial denuded (-EC) mesenteric arterial rings. The original tracing
showing the vasorelaxant effect of 0.1-100 pM apigenin via endothelium and smooth
muscle cells (Figure 26). The relaxations were slightly reduced by the removal of
endothelium, implying that these compounds partly acted via an effect on endothelial
vasodilators. The compounds still produced some vasorelaxation of the endothelial
denuded arterial rings due to a direct action on vascular smooth muscle cells. For intact
vessels, L-NAME (inhibitor of endothelial NO synthase; eNOS inhibitor) reduced the
vasorelaxations. These reductions suggest that some vasorelaxations were mediated
through production and release of NO by endothelial cells (Figure 27 and 28). The ECso
and Emax were demonstrated for the potency and the efficacy of Brahmi compounds on
relaxations of endothelial intact (+EC), denuded (-EC) mesenteric arterial rings or

endothelial intact arteries with L-NAME (Table 7).

Apigenin
10pM L0pM olifM
lo;tM I\Ch VVZ]Sh pf 0.5 | /
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‘»"“w"‘-w'w. *
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Intact-mesenteric artery 10min
10uM 10pM Apigenin
PE  10uM Wash PE 0.1pM
1 lach | S
5
by 10
Voo so

}

100uM

o

10min

Denuded-mesenteric artery

Figure 26 The original tracing showing the vasorelaxant effect of 0.1-100 pM

apigenin via endothelium and smooth muscle cells tracing.
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Figure 27 Cumulative concentration-response curves of (A) luteolin and (B)
apigenin in concentrations (0.1-100 pM) in endothelial intact (+EC),
denuded (-EC) mesenteric arterial rings and endothelial intact vessels
pre-incubated in L-NAME (100 pM). The graphs are expressed as
%relaxation of vessel pre-contracted with 10 pnM PE. Values are
mean+=SEM of 6-9 individual arteries. **p<0.001 each compound

compared with intact vessels (+EC) using two-way ANOVA (n=6-9)
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(A) Cumulative concentration-response curves of bacopaside I (0.1-100 pM)
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Figure 28 Cumulative concentration-response curves of (A) bacopaside (0.1-100
uM) and (B) bacoside A (0.1-100 pg/ml) in endothelial intact (+EQC),
denuded (-EC) mesenteric arterial rings and endothelial intact vessels
pre-incubated in L-NAME (100 pM). The graphs are expressed as
%relaxation of vessel pre-contracted with 10 pM PE. Values are
mean+SEM of 6-9 individual arteries. *p<0.01, **p<0.001 each
compound compared with intact vessels (+EC) using two-way AN OVA

(n=6-9)
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Table 7 The ECs0 and Emax of Brahmi compounds on relaxations of endothelial
intact (+EC), denuded (-EC) mesenteric arterial rings or +EC with 100
puM L-NAME. Comparison of ECso or Emax of each compound in -EC or
+EC plus L-NAME vs +EC was shown as p < 0.05, Tip < 0.01 using

unpaired Student's #-test

Pure compounds ECso (nM) Emax (%) n
Luteolin
+EC 435+ 131 99.35 + 0.66 6
-EC 21.90+5.8617  82.42+4.65 6
+EC plus L-NAME 14.99 +3.56 7 90.85+ 5.85 6
Apigenin
+EC 8.93+3.33 95.27 +2.61 9
-EC 12.80 +£2.54 98.81 +1.19 8
+EC plus L-NAME 25.62 £3.38 17 9440 +2.10 7
Bacopaside I
+EC 14.63 £ 5.36 79.94 + 8.17 7
-EC , 17.29 +4.75 58.97£7.05 % 7
+EC plus L-NAME 25.38 +£4.33 58.45+£4.21 7
Mixture compounds ECso (ng/ml) Emax (%) n
Bacoside A
+EC 026 +5.38 83.60 +2.86 7
-EC 10.74 = 4.27 37.90+4.72 6
+EC plus L-NAME 26.93 £ 5.01 33.16 + 8.41 6
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3. Effect of Brahmi compounds on Ca*" influx

In this study, the voltage-operated Ca?" channels (VOCCs) were activated
by depolarising denuded vessels with 80 mM K* in Ca®*-free Krebs’ solution. Then
vascular contraction elicited by CaCl, accumulatively added at increasing
concentrations (0.01-10 mM). In the same vessel, the protocol was repeated by pre-
incubation with 10 pM Brahmi compounds for 15 minutes and these CaCl,-induced
contractions were inhibited and seen as a rightward shift of the concentration response
curve and reduced Emax from control (Figure 29). The maximum contraction (Emax) of
arterial ring in control and in the presence of bacopaside I, luteolin or apigenin were
100+1.3, 81.9+1.7, 72.0£6.7 and 40.2+3.5%, respectively. Positive control, L-type
Ca?*-channel blocker, nicardipine (1 pM) completely abolished this CaCl,-induced

vasoconstriction (Figure 29).
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Figure 29 CaCl-induced contractions of denuded mesenteric arteries pre-
incubated in high K*, Ca?'-free media in the conditions of pre-
incubation with DMSO (negative control), 10 pM bacopaside I, 10 pM
luteolin, 10 pM apigenin, and 1 pM nicardipine (positive control). Y-
axis, % contraction compared to the contraction achieved with the
highest CaClz concentration during the initial run without a Brahmi
compound in the same vessel. Values are mean+SEM of 4-6 individual
arteries. **p<0.01 each of the active compounds compared to DMSO

using two-way ANOVA (n=4-6)
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4. Effect of Brahmi compounds on intracellular Ca? release

The release of intracellular Ca®* from the sarcoplasmic reticulum is another
important trigger of vascular contraction. To study the effect of Brahmi active
compounds on the intracellular Ca®" release, the denuded arterial rings were pre-
incubated in Ca?*-free Krebs’ solution for 10 min and then 10 pM PE added thereby
eliciting a transient contraction. Then the protocol was repeated with the same arterial
ring in the presence of the test compounds (control, apigenin, luteolin and bacopaside I)
producing reduced contractions (98.8+1.2, 50.1+8.5, 54.3+£14.9, 85.847.2 and
66.242.9%, respectively) (Figure 30). Bacopaside I, luteolin and apigenin caused
significant decrease in PE-induced contraction compared to the vehicle control

(p<0.001, <0.01 and <0.001, respectively).

1001
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Figure 30 PE-induced contraction induced by Ca?' release from sarcoplasmic
reticulum of endothelial denuded mesenteric arteries in the presence of
DMSO (control), 10 uM of bacopaside I, luteolin and apigenin. The
data is % contraction to 10 pM PE induced contraction compared to
contractions produced by the initial protocol without test compound.
Values are mean + SEM of 5-6 individual arteries. *p<0.01, **p<0.001
each of the active compounds compared with control using unpaired

Student's t-test (n=5-6)
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The clinical trial study
1. Participant demographics

Demographic and baseline characteristics are shown and compared between
EBM and placebo groups in Table 8. The study was conducted from June 2018 to
February 2019 at Phitsanulok, Thailand. The population included the ages between 55
and 80 years. Total participants (n=80) have been enrolled for the screening process and
some participants (n=53) were included to perform further studies by inclusion criteria
screening. Five participants were excluded by exclusion criteria thus 48 people have
been able to enrol for the placebo run-in period (Figure 31). After that the participants
were randomised for the treatment period into EBM or placebo. There were 24
pérticipants in each group. Some individuals of EBM were withdrawn during the
treatment period, hence the data in each group of the per-protocol set (n=21, EBM and
n=24, placebo) were analysed. The gender of the participants were 39 female and 6 male
participants. The average age was 62.5+5.2 years, with a mean body mass index (BMI)
of 24.3+3.2 kg/m?, or a mean WHR of 0.89+0.06, within a normal range. The mean
systolic/diastolic blood pressure was 120.3/76.4 mmHg. The individual education
consists of four years of primary school (n=32), or higher (n=13). Major groups of
occupations are 12 sellers, 15 farmers, 11 employees and 7 unemployed.

MMSE-Thai 2002 was used for cognitive screening. The optimal cut-off
scores for detecting mild cognitive impairment were <25/30. The mean MMSE score of
our participants was 26.5+2.0, defined as their normal cognitions. The differences
between two groups (EBM and placebo) were not found in total séores on the MMSE
as a screening test, nor each treatment period. The mean test score for TGDS was
3.3+3.3 considered without depression. Individuals with self-reported chronic disease
(e.g., schizophrenia, dementia, depression, liver disease, kidney disease, diabetes,
cancer, stroke, hypertension and hyperlipidaemia treated with therapeutic anti-
hyperlipic’iaemia drugs), psychiatric or neurological diseases were excluded from the

study.
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[ Enrollment ]

Assessed for eligibility (n=80)
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Excluded (n=32)
I, » Not meeting inclusion criteria (n=27)
o Exclusion criteria(s) mef (n=5)
3 with diabetes mellitus
(FBS »126 mg/dl or Hbare >6.5 %)
2 with high levels of liver enzymes
(ALT 35 unit or ALP »90 mg/dl)
v

Allacation

Allocated for placebo run-in period (n=48)
¢ Received allocated placebo (n=48)
¢ Did not receive allocated placebo (n=0)

!

Randomised (n=48)

A4

Y

Allacated to EBM for treatment period (n=24)
* Received EDM (n=23)
» Did not receive EBM (n=1)
1 withdrawn with high liver enzyme
(AST >33 unit)

Allocated to placebo for treatment period (n=24)
¢ Received placebo (n=24)
¢ Did not receive placebo (n={))

A4

3

+ Post-intervention measurement 12 weeks (n=21)
¢ Lost to post treatment {n=2)
1 withdrawn with a hypertensive drug treatment
1 withdrawn with a personal reason
(location change)

» Post-intervention measurement 12 weeks (n=24)
* Lostto post treatment {n=0)

A4

* Lost to follow-up (n=1)
1 dropped-out with personal illness
{lung problem)

_ FPollow-Up k

¢ Lost to follow-up (n=0)

v

Analysed (n=21)
» Excuded from analysis (n=0)

S
e

Analysis Analysed (n=24)

s Excluded from analysis (n=0)

Figure 31 Participant flow diagram in the study based on the CONSORT

flow diagram
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2. Safety of EBM
2.1 Body weight, Body mass index and Waist-hip ratio
At baseline, the body weight (BW) of 57.8+£9.5 g, the body mass index
(BMI) of 24.4+3.3 kg/m? in women and 23.6+2.7 kg/m? in men have been found. The
waist-hip ratio (WHR) in females were 0.86+0.07, considered slightly overweight,
however WHR in male was normal (0.86:+0.06). After 12 weeks of the treatment, there
were no abnormal changes in these variables (Table 9).
2.2 Blood pressure and Heart rate
Individual blood pressure (BP) and heart rate (HR) were measured
using validated automated sphygmomanometer. The measure of BP taken at the brachial
artery in triplicate at least 5 minutes apart with the person seated. The systolic
BP/diastolic BP or HR were within the normal range with 120.3£11.5/76.4+8.4 mmHg
or 75+11 beats/min, respectively. The intervention did not affect BP and HR between
groups or time periods.
2.3 Blood biochemistry
The FBG, HbA |, lipid level, calcium level, liver function testi.e., AST,
ALT and ALP, and kidney function test i.e., BUN, creatinine and eGFR were assessed
from serum. No blood biochemical parameters were significantly different compared
between groups. The baseline variances were shown separately for placebo and EBM in
Table 9. Moreover, no effect of EBM on pro-inflammatory molecules i.e., [CAM-1,
VCAM-1 or ADMA in plasma of EBM participants after the 12-week consumption
(Table 9).
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3. Cognitive effect of EBM

To assess the cognitive effect of EBM, the cognitive computerised battery
test was used to test the memory and the attention by determining changes of the
accuracy, the response time and the reaction time of test-tasks. The results with raw data
of test-task shown in Figure 32 (a-d) indicated that EBM was unlikely to change the
accuracy, the response time and the reaction time. The quality of memory of the EBM
group was not improved, implying by the accuracy of tasks (Figure 32b). However, the
tendency of decreased response times of EBM group was able to observe after 4-week
treatment (Figure 32a), thus this parameter was further clarified as the percentage of

change in the speed of memory (Figure 33).
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4, Effects of EBM on the speed of memory

The speed of memory was examined from summation of the response time
of relevant tasks, i.e. word recognition, picture recognition, spatial working memory and
numeric working memory. By comparing the percentage change of the response time
from the baseline, the participants in the EBM treatment group were found to reduce the
response time, suggesting that EBM improved the speed of their memories (Figure 33).
By contrast the placebo group did not have this effect (Figure 33). The improved
memory speed in the EBM group occurred following week 4 of the treatment period.
After 8 weeks, the improvement in memory speed in the EBM group (10.1+2.6%,
»<0.01) was more pronounce than that of the placebo group (3.2+2.0%) (Figure 33).

g 20 Speed of memory

': (% Change of response times) -0~ Placebo
g o _ - EBM
g5 10

&9

[s?]

=38 07 """"6"'---..5__..-—--5--—-—-8

° g ] #h

[+7}

% & 101 !

g ook 4 *

o=

Li -20 = ¥ 3 T 7 (|

E 0 4 8 12 16 -week

s Tr@ At IN @I ] Follow-up

Figure 33 The % change of response time from baseline for the speed of memory
of participants in the EBM group and the placebo group. The data were
shown as mean+SEM. The statistically significant differences from the
two groups (**p<0.01) were analysed in a whole graph comparison of
Two-way ANOVA and the difference between week 0 and another week
within each group (*p<0.05, **p<0.01) was analysed using paired
Student’s t-test



86

Memory speed was further analysed into sub-groups of education, age and
occupation (Figure 34). EBM showed the improvement of the memory speed in some
particular groups, in that at week 12 this was significantly better in the participants with
4 years of education for EBM group (11.0+4.1%; p<0.001) as compared with placebo
(2.0£2.4%) (Figure 34a), however in participants with higher levels of education there
was no difference in the improvement of memory speed between EBM and placebo
groups (Figure 34b). The improvement of memory speed was significant in the older
participants (65-80 years 14.244.9%; p<0.001) (Figure 34c), but not in the younger
group (55-64 years) (Figure 34d). For subgroups with the occupation, the difference
between EBM and placebo groups was not observed (Figure 34e-h).
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more than 4 years of education, (c) 65-80 years of age, (d) 55-65 years

of age, (e) farmer, (f) seller, (g) employee, and (h) unemployed. The data

were shown as meantSEM. The statistically significant differences

from the two groups (*p<0.01) were analysed in a whole graph

comparison of Two-way ANOVA and the difference between week 0

and another week within each group (*p<0.05, **p<0.01) was analysed

using paired Student’s t-test
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5. Effects of EBM on attention

Effects of EBM on attention were considered from the % change of reaction
time from baseline. We have demonstrated that participants of EBM and placebo did
not cause any changes in the power of attention. Nevertheless, 12-week of EBM
treatment likely increased the power of attention, but it made no significant difference
when compared to the baseline (p=0.08) (Figure 35). The EBM consumption did not

improve the continuity of attention, regarding to the % change of accuracy from baseline

(Figure 35).
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Figure 35 (a) The % change of reaction time from baseline for the power of
attention of participants in the EBM group and the placebo group and
(b) the % change of accuracy from baseline for the continuity of
attention. The data were shown as mean=SEM. The statistically
significant differences from the two groups were analysed in a whole
graph comparison of Two-way ANOVA and the difference between
week 0 and another week within each group was analysed using paired

Student’s t-test
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6. Reactive hyperaemia blood flow enhancing effect of EBM

The PORH blood flow responses through microcirculation of the whole
hand, the fingers and the palm of participants were significantly promoted by EBM
consumption at 4 to 12 weeks. The effects still occured in the follow-up period (Figure
36). The PORH responses of EBM group in whole hand area at the treatment week 0, 4,
8, 12 and follow-up (week 16) were 0.61+0.01, 0.85+0.01, 0.76+0.01, 0.75+0.01, and
0.67+0.01, repectively (Figure 36). The PORH responses of week 4, 8 and 12 in
treatment period of EBM were significant increased from week 0 (p<0.001). The
placebo produced less effect on PORH response (0.65+0.01, 0.75+0.01, 0.7240.01,
0.73+0.01 and 0.78+0.01).
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7. Carotid blood flow velocity effect of EBM

91

The blood flow velocity was averaged from both right and left CCA. The

velocity of carotid blood flow at week 0 of placebo and EBM group were 48.9+0.2 and

49.7£0.3 cm/sec. The carotid blood flow velocity was improved after week 4 of

administrations in both groups compared to baseline (week 0). The carotid blood flow

velocity of EBM group at week 4, 8 and 12 were increased to 57.6+0.3, 58.9+0.2 and

58.6+0.3 cm/sec, while that of placebo group were increased to 53.0+0.2, 57.2+0.2 and

55.9+0.2 cm/sec. The carotid blood flow velocities were restored back to baseline in the

follow-up period of both groups (Figure 37).
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Figure 37 The blood flow velocity in the average of the right and left common

carotid arteries. The data were shown as meanstSEM. The

difference between baseline (week 0) and another week within each

group (*p<0.05, **p<0.01) was analysed using the paired Student’s t-

test



CHAPTER V

CONCLUSION

Discussion of the preclinical study

This is the first study comparing the vasodilatory mechanisms elicited by
saponins (particularly bacoside A and bacopaside I) and the principal flavonoids
(luteolin and apigenin) were the most potent. However, these are present in BM extract
at only about 1/20™ the contents of the bacoside A saponins and bacopaside I. Thus in
terms of the overall actions of the complete BM extract, the saponins would be expected
to make a larger contribution to the vasorelaxation than the flavonoids.

However, higher potency of aglycone flavonoids compared to saponin
' glycosides may be due to sugar moieties interfering with the molecule interacting with
the binding sites responsible for the vasorelaxation as suggested by previously, i.e.
lipophilic groups in the ring skeleton of flavonoids increased their vasorelaxant activity
(Wu et al., 2006). This provides a basis for study of the molecular mechanisms of
vasorelaxation of flavonoids.

We investigated the mechanisms of flavonoid- and saponin-induced relaxation
by endothelial denudation in mesenteric arterial rings which impaired vasorelaxation.
Role of NO was investigated using the eNOS inhibitor (L-NAME) with the fest
compounds. L-NAME increased ECso and reduced Emax which imitated the effect of
endothelial denudation, suggesting the relaxation was mainly medicated by NO. This
accords with observations made by Jin et al. (2009) that a cyclooxygenase (COX)
inhibitor did not affect the relaxation induced by apigenin (Jin et al., 2009), and
consistent with our previous study of BM extract, where indomethacin had no effect on
vasorelaxation (Kamkaew et al., 2011). There were some important concentration
dependent differences between flavonoids and saponins. Firstly, denudation or
blockade of eNOS reduced the effect of bacoside A more than bacopaside I, luteolin and
apigenin. Perhaps this was a reflection of bacoside A being a mixture of saponins.
However, curiously the responses of luteolin and apigenin to denudation and L-NAME

where the latter had a greater effect.
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Vascular smooth muscle express plasma membrane L-type Ca®* channels that
allow depolarisation dependent Ca?* entry fo trigger contraction. All three compounds
(luteolin, apigenin and bacopaside I) tested in denuded vessels depressed this
mechanism of contraction that can also explain in part, the vasorelaxant effect. But
here, apigenin appeared to be more effective than luteolin while it was less effective in
relaxation studies suggesting some heterogeneity in the mechanism of flavonoid action.

Ca®" release from intracellular stores also regulates contraction via inositol
trisphosphate (IP3) or ryanodine receptors (RyR) associated channels in the SR
membranes. IP; associated channels are commonly activated by plasma membrane G-
protein coupled receptors including aui-receptors which are activated by PE. RyR
channels are activated by Ca®" itself. The three pure compounds also inhibited Ca*"
released from stores which can account for at least some vasorelaxation of vessels
precontracted by PE. However, the bacoside A was without clear effect again
suggesting some heterogeneity between the four test substances. Other Ca?"-channels
may also be involved, for example T-channels and TRP channels, especially TRPC4
which is activated by ai-receptor activation.

K* channels also play a role in regulation of vascular tone, i.e. voltage-
dependent K* (Ky) channels open upon depolarization of the plasma membrane in
vascular smooth muscle cells, and thus inhibits Ca** influx through VOCCs, resulting
in vasodilation (Ko et al., 2008). Jiang et al. (2004) also reported that luteolin inhibited
Ca?" channels, inhibited release of stored Ca?" while K* channels were activated,
specifically via Katp, Kca, Kv and Kr (Jiang et al., 2005) therefore the effects of
apigenin, bacoside A and bacopaside 1 involving K" channels deserve further
investigation. Our findings support those of Si et al. (2014) that luteolin can directly act
on vascular endothelial cells, by inducing eNOS phosphorylation at Ser1177, leading to
NO production (Si et al., 2014). The flavonoids evoke relaxations and also protect
endothelial dependent vasorelaxation against oxidative stress (Jin et al., 2009; Ma et al.,
2008; Qian et al., 2010) and diabetes (El-Bassossy et al., 2013), however vasoprotective

effects of saponins needs further comprehensive investigation.
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Discussion of the clinical trial study

The current study is the first to investigate the effects of 12 weeks’
administration of the essence of Bacopa monnieri extract mixed with mulberries and the
placebo on the cognitive function and the blood flow in healthy elderly 55-80 years of
age. The main findings of the study indicated that the memory speed, in addition to the
peripheral blood flow on reactive hyperaemia and the carotid blood flow significantly
improved at the end of the 12-week supplementation in the group of participants who
had taken EBM in comparison to those who had taken placebo. However, contrary to
some other studies, our trial found no significant improvement in the quality of memory,
the power and continuity of attention. One important point of the study demonstrates for
_ the first time that the improvement of blood flow performance through microcirculation
of the whole hand, the fingers and the palm of participants following chronic daily EBM
contained Brahmi extract (194 mg with 16.03% of total saponins) in humans occurs.
Primary outcome measures were well assessed via cognitive drug research (CDR)
computerised battery test as described elsewhere (Peth-Nui et al., 2012; Saenghong et
al., 2012; Wattanathorn et al., 2008). To objectively measure the working memory
domains including the quality of memory, the speed of memory, the power of attention
and the continuity of attention, the efficacy of EBM on cognitive function in participants
were comprised.

The neuronal effects of Brahmi, including enhancing memory and intellectual,
reducing of inflammatory reactive oxygen species, amyloid beta aggregation and
toxicity, thus it can be used for dementia treatment (Abdul Manap et al., 2019;
Chaudhari et al., 2017; Malishev et al., 2016). The improvements of the memory
acquisition, the verbal learning, the delayed recall, the speed of information processing,
the learning rate, the memory consolidation, the retention of new information, the
mental control and the logical memory were reported (Calabrese et al., 2008; Morgan
and Stevens, 2010; Raghav et al., 2006; Roodenrys et al., 2002; Stough et al., 2001).
Our results demonstrated that EBM versus placebo significantly improved the speed of
memory by CDR computerised battery test, especially in older people (the sub-group
65-80 years) and low education (the 4 years of education), but not in the sub-group
subject of 55-64 years. Another study on the CDR computerised battery test throughout

[2-week treatment of Brahmi extract also flound the improved memory speed (Peth-
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Nui et al., 2012). The difference in finding of the quality of memory were proposed due
to the probably reasons as (i) the effects of the mulberry juice used as the presented
placebo and (ii) the impact of the placebo run-in design on the cognitive test or potential
implications of practice effeéts, it can minimize effects of practice on trial outcome
(Jacobs et al., 2017; Peth-Nui et al., 2012). The quality of memory performance was
higher for the placebo group was able to occur similar to at least one study for Ginkgo
biloba during a longer period of time (Persson et al., 2004). In our study, the power of
attention was not significant improved by EBM but it trended to increase the % change
of reaction time at week 12 from the baseline week 0 (Figure 5a). The previous meta-
analysis showed Brahmi extract improving cognitive function in the attention domain,
particularly speed of attention (Kongkeaw et al., 2014). The difference in findings may
reflect the relative size of the studies, as, while in our study these parameters did not
reach significance, there was some evidence of a trend. With a larger group, the results
may have become significant.

The changes in reactive hyperaemia blood flow, carotid blood flow and safety
studies were secondary outcomes of the study. Our previous Ex vivo findings
demonstrated that Brahmi extract and its active compounds acted as a vasodilator
(Kamkaew et al., 2019; Kamkaew et al., 2011). As per our previous study, daily oral
Brahmi extract (40 mg/kg) in rats for 8 weeks showed a significant increase in cerebral
blood flow (Kamkaew et al., 2013), which are considered responsible for the positive
effects on blood flow of healthy older adults that we observed in the present study.

The stimulation of endothelial cells is performed through shear stress elevation
on blood vessel wall through creation of reactive hyperaemia. Vasodilator effect of
endothelium is evaluated through measurement of blood flow variations. A reactive
hyperaemia blood flow is a transient increasing of blood flow following a brief period
of ischemia or arterial occlusion and unclamping an artery. This increased arterial blood
flow was occurred due to autoregulation and endothelium-dependent vasorelaxation by
the releasing of tissue local metabolites or waste products such as CO, H', nitric oxide
(NO), adenosine, prostaglandins, K* and phosphate ions (Jacob et al., 2016). At the
onset of reactive hyperaemia state, a sharp increase in blood flow was occurred which
was normalised and expressed as PORH response. The PORH response was less in

patients with dyslipidaemia (Cordovil et al., 2012), coronary artery disease (Borges
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et al., 2016; Souza et al., 2014) and diabetes (Petrofsky et al., 2012), indicating the
microvascular reactivity was impaired in the cardiovascular diseases’ patients. This
could be due to reduced sensitivity of the endothelium-dependent NO/cGMP pathway,
and directly relaxes the vascular smooth muscle cells (Monica et al., 2016). The present
study was the first one to show that EBM intake for 12 weeks of treatment improves
PORH response. These results may be caused by improvements of the accumulation of
vasodilator metabolites (including NO) of Brahmi extract (Chaudhari et al., 2017;
Kamkaew et al., 2019; Kamkaew et al., 2011). The dietary antioxidants can modulate
endothelial nitric oxide synthase (eNOS) activity thus the antioxidant activity of Brahmi
extract could induce the increase in PORH response (Gongalves et al., 2011; Tripathi
et al., 1996; Varadharaj et al., 2017).

The carotid arteries are major blood vessels in the neck that supply blood to the
brain (Blake et al., 2002). When the blood vessel is narrowed, velocity of blood flow
throught it increase. However, the increase of carotid blood flow caused by either reflex
increase of cardiac output or direct local vasodilation. Our results found that the blood
velosity after treatments of both EBM and placebo groups was small increase, however
there were in the usual normal velocity of the CCA. Normal flow in the CCA is typically
between 25-45 cm/sec (Oglat et al., 2018). A peak systolic velocity of 125 cm/sec in the
internal carotid artery (ICA) or twice as fast as that of the CCA is thought to indicate
possible ICA stenosis (Lee, 2014). However, increase in mean cerebral blood flow
velocity of the cerebral artery was observed after active exercises in healthy participants
(Doering et al., 1998). There were not significant difference of the carotid blood flow
velocity between EBM and placebo, thus no effects of EBM on carotid blood flow
velocity for the healthy elderly.

The Brahmi extract plus rosemary antioxidant is more neuroprotective than the
single Brahmi extract (Ramachandran et al., 2014). Hence, the EBM containing
mulberry used in our study would be combined with the mulberry effects, suggesting
their synergistic effects. We demonstrated that placebo containing mulberry juice
treatment also has an impact on improvement of memory and blood flow. The cognitive
enhancing effect of mulberry fruit extract was observed in rats of vascular dementia
(Kaewkaen et al., 2012). The mulberry possess anti-cholesterol, anti-obesity and

hepatoprotective effects and antioxidant activities (Lim, & Choti, 2019). The mulberry
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extract inhibited protein expression of [CAM-1 and VCAM-1 in human umbilical vein
endothelial cells (Park et al., 2014), however the FBG, HbA |, TC, TG, LDL, or HDL
levels were not reduced by clinical studies of mulberry (Phimarn et al.,, 2017).
Vasodilators can reduce the expression of VCAM-1, ICAM-1 and ADMA (Herman, &
Moncada, 2005). Although Brahmi and its active compounds had vasodilator actions
(Kamkaew et al., 2019), changes in plasma ICAM-1, VCAM-1 nor ADMA after the
consumption of EBM were not significant.

We demonstrated that EBM was safe. There was no change of serum FBG,
HbA ¢, lipid level, AST, ALT, ALP, BUN, creatinine, e€GFR and calcium level after 12
weeks of EBM administration. We refute the increase in the serum calcium levels in B.
monnieri group in the dose of 150 mg twice daily (Kumar et al., 2016). This provides
some support for the clinical use of EBM on eldery. Further studies evaluating cerebral

blood flow before and after treatment with EBM should be considered.

Conclusions

The preclinical study demonstrated that BM active components including both
saponins and flavonoids produced vasodilatory effects on rat isolated mesenteric arteries
partially via endothelial dependent release of vasodilators and also by direct effects on
vascular smooth muscle cells via blockade of Ca?" influx and its release from SR. This
study for the first time reports the comparative vasodilatory effects of saponins and
flavonoids found in BM extract. However, BM extract, flavonoids i.e., luteolin and
apigenin would be a more potent vasodilator but saponins have a greater effect because
of their greater contents. Accordingly, the clinical benefits on enhanced blood flow and
cognitive function may arise from a combination of flavonoids and particularly the
saponins.

The clinical trial study clearly demonstrated that EBM improves the speed of
working memory during daily consumption of EBM for 12 weeks. The difference was
not found in the quality of memory and the attention with EBM consumption. The EBM
improved the post-occlusive blood flow in the peripheral vascular system without any
effects on carotid blood flow velocity for the healthy elderly. It In addition, no side
effects related to EBM were found throughout this experiment. EBM did not alter

arterial blood pressure, heart rate and blood biochemistries, i.e. glucose, HbAje, liver



98

enzyme, kidney function, lipid profile and calcium levels, as well as [CAM-1, VCAM-
1, ADMA. Further research should explore benefits on dementia or Alzheimer's

patients.
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Abstract: B. monnieri extract (BME) is an abundant source of bioactive compounds, including saponins
and flavonoids known to produce vasodilation. However, it is unclear which components are the
more effective vasodilators. The aim of this research was to investigate the vasorelaxant effects
and mechanisms of action of saponins and flavonoids on rat isolated mesenteric arteries using the
organ bath technique. The vasorelaxant mechanisms, including endothelial nitric oxide synthase
{eNOS) pathway and calcium flux were examined. Saponins (bacoside A and bacopaside 1), and
flavonoids (luteolin and apigenin) at 0.1-100 uM caused vasorelaxation in a concentration-dependent
manner. Luteolin and apigenin produced vasorelaxation in endothelial intact vessels with more
efficacy (Emax 994 £ 0.7 and 95.3 % 2.6%) and potency (ECsp 4.35 + 1.31 and 8.93 + 3.33 uM) than
bacoside A and bacopaside I (Emax 83.6 & 2.9 and 79.9 # 8.2%; ECs0 10.8 £ 5.9 and 14.6 £ 54 uM).
Pretreatment of endothelial intact rings, with L-NAME (100 uM); an eNOS inhibitor, or removal of
the endothelium reduced the relaxant effects of all compounds, In K*-depolarised vessels suspended
in Ca®*-free solution, these active compounds inhibited CaCly-induced contraction in endothelial
denuded arterial rings. Moreover, the active compounds attenuated transient contractions induced by
10 uM phenylephrine in Ca**-free medium containing EGTA (1 mM). Thus, relaxant effects occurred
in both endothelial intact and denuded vessels which signify actions through both endothelium and
vascular smooth muscle cells. In conclusion, the flavonoids have about twice the potency of saponins
as vasodilators. Howevey, in the 'BME, there is ~20 X the amount of vaso-reactive saponins and thus
are more effective,

Keywords: luteolin; apigenin; bacoside A; bacopaside I; vasorelaxation

1. Introduction

Bacopa monnieri (L) Wettst. or Brahmi, is an Ayurvedic medicine traditionally used as a -
memory enhancer. Along with memory improvement, it is known to promote mental health,

Molecules 2019, 24, 2243; doi:10.3390/molecules24122243 wwiv.mdpi.comfjournal/molecules
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as a neurotonic and cardiotonic agent. B. monnieri extract (BME) clearly has a cognitive enhancing
potential and neuroprotective effects [1-16]. It has been shown to be antioxidant in rat brain [17,13]
and to possess several pharmacological actions such as anti-depressant [(9-21], anti-dementia [9],
anti-cholinesterase {5,9), anti-hyperglycaemic [22] and anti-hyperlipidaemia {23]. B. monnieri appears
to be non-toxic using haematological and blood biochemical diagnostics [24~26]. BME demonstrated
cardioprotection, improved coronary bloed flow, and protection against myocardial ischemia
reperfusion injury [27,28]. Our recent work showed that BME acted as a vasodilator by releasing
nitric oxide (NO) from endothelium and inhibiting Ca?* influx and Ca®* release from the sarcoplasmic
reticulum (SR). These mechanisms mediated an acute decrease in blood pressure [29], Also, daily oral
BME (40 mg/kg) in rats for 8 weeks showed a significant increase in cerebral blood flow [30], which
implies cerebrovascular dilation.

BME contains an abundance of bioactive compounds. They include dammarane-type triterpenoid
saponins, jujubogenin and pseudojujubogenin glycosides. These saponins are predominantly
bacopaside [ and bacoside A, a mixture of bacoside As, bacopaside I, jujubogenin isomer of
bacopasaponin C, and bacopasaponin C [31-33]. Other than saponins, flavonoids, essentially luteolin
and apigenin are also present in B. monnieri [10,34-36]. Bacoside A3 and bacopaside I relax rat
mesenteric arteries [29] but the mechanism(s) of their relaxation are presently unknown. The flavonoids
found in B. monttieri also relax eat aortae [37-41] but these experiments used a variety of protocols and
vascular preparations. Therefore, it is important to make a side-by-side comparison of these flavonoids
with the B. monnieri saponins using a resistance vessel type. For this we choose the mesenteric artery
which better exemplifies actions on regional blood flow and systemic blood pressure than the aorta.
This work provides evidence to clarify the effective B. monnieri components for vasorelaxation which
could be related to the improvement of blood flow or memory enhancement.

2, Results

2.1, Vasorelaxant Effects of the B. monnieri Active Compounds

Mesenteric arteries of rats were isolated and mounted in an organ bath via intraluminal wire
hooks connected to a force transducer. The vessels were pre-contracted with 10 pM phenylephrine
(PE), before adding B. montieri compounds including flavonoids (luteolin and apigenin), bacopaside L,
and the saponin mixture (bacoside A) at 0.1-100 uM. B, nfontieri compounds caused vasorelaxation of
endothelial intact arteries (+EC) in a concentration-dependent manner (Figure 1) with ECsg and Emax
values shown in Table 1.

G Luteolin
! 2 B Apigenin
24 g DBacoside A
£ e Bacopaside L
3 101 @ DMSO
2
< 60 4
&
- %
" it
Sk
100 T ¥ 2R
0.1 1 1] e

[Compaunds], ¢M

Figure 1. Relaxations induced by luteolin, apigenin, bacoside A, and bacopaside [ (0.1-100 uM) and
vehicle (DMSQ) in endothelial intact mesenteric arteries precontracted with phenylephrine (10 uM).
Values are mean £ SEM of 6-9 individual arterial rings. *** indicates p < 0.001 comparing relaxation
for cach compound with the control (DMSO) using two-way ANOVA (n = 6-9). Lines were fitted by
non-linear regression.
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Table 1, The ECsp and Emay of B monnieri active compounds on relaxation of endothelial intact rat

mesenleric arteries.

ECsp (M)

Emayx (%) n p-Value Whole

Active Compounds Graph Curves
Flavonoids Luteolin 435+ 1.31 994 £07 6 -
Apigenin 893 +3.33 953 +2.6 9 NS
Saponins Bacoside A 108 59 83.6 29 tt 7 <005t
Bacopaside I 14.6 4 5.4 799 +82+t 7 < 0,01 ++
Vehicle DMSO - 17.4 + 3.1 1 7 <001t

Significantly different compared with luteolin tp < 0.05, t p < 0.01 using unpaired Student’s /-test (n = 6-9).

2.2, Mechanisms of Vasorelaxation by B, monnieri Compotnds

All the B. monnieri compounds caused vasorelaxation in both endothelial intact (+EC) and
endothelial denuded (-EC) mesenteric arterial rings. The relaxations were reduced by the removal of
endothelium, implying that these compounds acted via an effect on endothelial vasodilators. However,
the compounds still produced some vasorelaxations of the endothelial denuded arterial rings due to a
direct action on vascular smooth muscle cells. For intact vessels, L-NAME (inhibitor of endothelial
NO synthase; eNOS inhibitor), also reduced the vasorelaxations (Figure 2, Table 2). These reductions
suggest that some or all the vasorelaxations were mediated through production and release of NO by

endothelial cells.
W o
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Figure 2. Cumulative concentration-response curves of {a) luteolin, (b} apigenin, (c) bacoside A and (d)
bacopaside [ in concentrations (0.1~100 M) in endothelial intact (+EC), denuded (-EC) mesenteric
artertal rings and endothelial intact vessels pre-incubated in L-NAME (100 gM). The graphs are
expressed as %relaxation of vessel pre-contracted with 10 uM PE. Values are mean + SEM of 6-9
individual arteries. ** p < 0.01, ** p < 0.001 each compound compared with intact vessels (+EC) using

two-way ANOVA (n = 6-9).
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Table 2. The ECsp and Emax of B. monnieri compounds on relaxations of endothelial intact (+EC),
denuded (-EC) mesenteric arterial rings or endothelial intact arteries with L-NAME.

Active Compounds

Luteolin
+EC
-EC

+EC plus L-NAME
Apigenin

+EC
<EC

+EC plus L-NAME

Bacoside A

+EC
-EC

+EC plus L-NAME
Bacopaside I

+EC
-EC

+EC plus L-NAME

ECso (uM)

Emax (%)

4.35 £ 1.31
2190 £ 586t
14.99 £ 3.56 t

8.93 £ 3.33
12,80 # 2.54
25.62 + 3.38 ++

10.81 + 5,95
14.50 + 6.30
3381£6251

14.63 + 5.36
17.29 + 4.75
25.38 + 4.33

99.35 £ 0.66
82.42 + 4.65
90.85 + 5.85

95.27 + 2.61
98.81 £ 1.19
9440 + 2,10

83.60 + 2.86
37.90 £ 472 +4
33.16 £ 8.41 1+

79.94 £ 8.17
5897 +7.05+
5845+ 421t

9

~

RS BN

7
7
7

Comparison of ECsg 0r Emay 0f each component +EC vs, -EC or +EC plus L-NAME. +p < 0105, +1 p <001 using

unpaired Student’s f-test,

2.3, B. monnicri Compounds and Ca** Influx

Voltage-operated Ca2* channels (VOCCs) were activated by depolarising denuded vessels with
80 mM K* in Ca*-free Krebs’ solution. Then vascular contraction elicited by CaClz accumulatively
added at increasing concentrations (0.01-10 mM). In the same vessel, the protocol was repeated by
pre-incubation with 10 uM B, nonnieri compounds for 15 min and these CaCly-induced conlractions
were inhibited and seen as a rightward shift of the plots and reduced Emax from control (Figure 3).

@, Conlraction o maximum of CaCl,

log [CaCll M

DMSO
Bacopaside
Luteotin

Apigenin

A ERX

Nicardipine

Figure 3. CaCly-induced contractions of denuded mesenteric arteries pre-incubated in high K*,
Ca%*-free media in the conditions of pre-incubation with DMSO (negative control), 10 pM bacopaside
I, 10 uM luteolin, 10 uM apigenin, and 1 uM nicardipine (positive control). Y-axis, % contraction
compared to the contraction achieved with the highest Ca?* cancentration during the initial run without
a B. nonnieri compound in the same vessel. Values are mean £ SEM of 4-6 individual arteries. **p <

0.01 each of the active compounds compared to DMSO using two-way ANOVA (n = 4-6).

The maximum contraction (Emax) of control, bacopaside [, luteolin and apigenin were 100 = 1.3,
81.9 + 1.7, 72.0 + 6.7 and 40.2 + 3.5%, respectively. Positive control, L-type Ca**-channel blocker,

nicardipine (1 uM) completely abolished this CaCly-induced vasoconstriction (Figure 3).
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2.4, B. monnieri Compounds and Intracellular Ca®* Release

The release of intracellular Ca?* from the sarcoplasmic reticulum is another important trigger of
vascular contraction, Denuded arterial rings were pre-incubated in Ca®*-free Krebs” solution for 10 min
and then 10 1M PE added thereby eliciting a transient contraction, Then the protocol was repeated
with the same arterial ring in the presence of the test compounds (control, apigenin, luteolin, bacoside
A and bacopaside I) producing reduced contractions (98.8 1.2, 50.1 + 8.5, 54.3 + 14.9, 85.8 £ 7.2 and
66.2 £ 2.9%, respectively) (Figure 4). Luteolin, apigenin and bacopaside [ caused significant decrease

in PE-induced contraction compared to the vehicle control (p < 0.001, <0.01 and <0.001, respectively).

1004

¢ Contraction to PE

DMSO Luteolin Apigenin Bacoside A Bacopaside |

Figure 4. PE-induced contraction induced by Ca?* release from sarcoplasmic reticulum of endothelial
denuded mesenteric arteries in the presence of DMSO (control), 10 uM of luteolin, apigenin, bacoside A
and bacopaside . The data is % contraction to 10 uM PE induced contraction compared to contractions
produced by the initial protacol without test compound. Values are mean + SEM of 5-6 individual
arleries, ** p < 0.01, *** p < 0.001 each of the active compounds compared with control using unpaired
Student’s t-test (n = 5-6).

3. Discussion

This is the first study comparing the vasodilatory mechanisms elicited by saponins (particularly
bacoside A and bacopaside [) and the principal flavonoids (luteolin and apigenin) were the most potent
(ECsq 4.4 and 8.9 uM) (Figure 1). However, these are present in BME at only about 1/20th the contents
of the bacoside A saponins and bacopaside [ (Figure 1 and Table 51) [42]. Thus in terms of the overall
actions of the complete BME, the saponins would be expected to make a larger contribution to the
vasorelaxation than the flavonoids.

However, higher potency of aglycone flavonoids compared to saponin glycosides may be due
to sugar moieties interfering with the molecule interacting with the binding sites responsible for the
vasorelaxation as suggested by previously, i.e., lipophilic groups in the ring skeleton of flavonoids
increased their vasorelaxant activity [43]. This provides a basis for study of the molecular mechanisms
of vasorelaxation of flavonoids.

We investigated the mechanisms of flavonoid- and saponin-induced relaxation by endothelial
denudation in mesenteric arterial rings which impaired vasorelaxation (Figure 2). Role of NO was
investigated using the eNOS inhibitor (L-NAME) with the test compounds. L-NAME increased ECsp
and reduced Emax which imitated the effect of endothelial denudation, suggesting the relaxation was
mainly medicated by NO. This accords with observations made by Jin et al. that a cyclooxygenase
(COX) inhibitor did not affect the relaxation induced by apigenin [44], and consistent with our previous
study of B. monnieri extract, where indomethacin had no effect on vasorelaxation [29]. There were some
important concentration dependent differences between flavonoids and saponins. Firstly, denudation
or blockade of eNOS reduced the effect of bacoside A more than bacopaside I, luteolin and apigenin.
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Perhaps this was a reflection of bacoside A being a mixture of saponins. However, curiously the
responses of luteolin and apigenin to denudation and L-NAME where the latter had a greater effect.

Vascular smooth muscle express plasma membrane L-type Ca™ channels that allow depolarisation
dependent Ca®* entry to trigger contraction. All three compounds (Juteolin, apigenin and bacopaside
1) tested in denuded vessels depressed this mechanism of contraction that can also explain in part, the
vasorelaxant effect. But here, apigenin appeared to be more effective than luteolin while it was less
effective in relaxation studies suggesting some heterogeneity in the mechanism of flavonoid action.

Ca®* release from intracellular stores also regulates contraction via inosito] trisphosphate (1P3)
or ryanodine receptors (RyR) associated channels in the SR membranes. IP; associated channels are
commonly activated by plasma membrane G-protein coupled receptors including «;-receptors which
are activated by PE. RyR channels are activated by Ca®* itself, The three pure compounds also inhibited
Ca®* released from stores which can account for at least some vasorelaxation of vessels precontracted
by PE. However, the bacoside A was without clear effect again suggesting some heterogeneity between
the four test substances, Other Ca**-channels may also be involved, for example T-channels and TRP
channels, especially TRPC4 which is activated by &j-receptor activation.

K* channels also play a role in regulation of vascular tone, L.e., voltage-dependent K* (Ky) channels
open upon depolarization of the plasma membrane in vascular smooth muscle cells, and thus inhibits
Ca?* influx through VOCCs, resulting in vasodilation {45]. Hang et al. also reported that luteolin
inhibited Ca2* channels, inhibited release of stored Ca?* while K* channels were activated, specifically
via Katp, Kea, Ky and K [40] therefore the effects of apigenin, bacoside A and bacopaside I involving
K* channels deserve further investigation. Our findings support those of Si et al. that uteolin can
directly act on vascular endothelial cells, by inducing eNOS phosphorylation at Serl177, leading
to NO production [41]. The flavonoids evoke relaxations and also protect endothelial dependent
vasorelaxation against oxidative stress [44,46,47] and diabetes [48], however vasoprotective effects of
saponing needs further comprehensive investigation.

4, Materials and Methods

4.1. Genteral Information

Tissues were from male Wistar raks (200-300 g) which were obtained from Nomura Siam
International Co. Ltd. (Bangkok, Thailand). Experiments were approved by the Naresuan University
Animal Care and Use Committee (NUACUC), protocol number NU-AE 600710. The rats were housed
under the environmental conditions at 22 + 1 °C, 12-h light and dark cycle, fed with standard rodent
diet and tap water in Naresuan University Center for Animal Research (NUCAR) according to the
guidelines for care and use of laboratory animals (Institute of Laboratory Animal Research, eighth
edition 2011, Rats were anesthetized by intraperitoneal injection of thiopental sodium (100 mg/kg BW)
and killed. The mesenteric arteries were excised, cleaned of surrounding loose connective tissue and
cut into rings of 3-5 mm width. In some experiments, endothelial cells were mechanically removed by
gently rubbing the lumen with a stainless steel wire. The mesenteric rings were mounted on a pair of
intraluminal wires in organ chambers containing physielogical Krebs' solution (mM): NaCl, 122; KUJ,
5; [N-(2-hydroxyethyl) piperazine N'-(2-ethanesulfonic acid)] HEPES, 10; KH,POy, 0.5; NaH,POy, 0.5;
MgCly, 1; glucose, 11; and CaCly, 1.8 (pH 7.3), at 37 °C and aerated [29,49-51]. The vessel segments
were allowed to equilibrate for 1-h at a resting tension of 1-1.3 g during which the solution was
replaced every 15 min. Changes in isometric tension were measured using force transducer lever (CB
Sciences Inc., Milford, MA, USA) connected to a MacLab A/D converter (Chart V7; A.D. Instruments,
Castle Hill, NSW, Australia), stored and displayed on a personal computer. Following stabilization, the
arterial rings were tested for viability by the application of 10 pM PE. Upon development of a steady
contraction, the endothelium status was tested with 10 pM ACh. The vessel was considered endothelial
intact when the ACh induced >70% relaxation. After establishing the status of the endothelium, the
rings were then rinsed with Krebs’ solution for 30 min and one of the following protocols was initiated.
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Luteolin (lot 126M4061V) and apigenin (lot WE445301/1) were purchased from Sigma Aldrich (St.
Louis, MO, USA). Bacoside A (lot 00002005-003) and bacopaside I (lot 00002002-T17H) were purchased
from ChromaDex, Inc. (Irvine, CA, USA).

4.2. Vasorelaxant Effects of B. monnieri Active Compounds on Endothelial Intact Arteries

Following stabilization, endothelial intact rings of mesenteric arterics were pre-contracted with
10 uM PE. After the contraction had become constant, the B. imonnieri active compounds (0.1-100 pM),
including luteolin, apigenin, bacoside A or bacopaside I were added cumulatively.

4.3, Vasorelaxant Effects of B. monnieri Active Compounds on Endothelial Dentided Arteries

Successful endothelial denudation was confirmed by the absence of relaxation upon addition of
10 uM ACh. For investigation of the role of endothelium in 0.1-100 yM B. menniceri active compounds
(luteolin, apigenin, bacoside A or bacopaside 1) induced vasorelaxation, endothelial denuded arteries
were used. The data of effect of active compounds were presented as %relaxation.

4.4. Study of Vasorelaxant Mechanisms of B. monstieri Aciive Compounds via eNOS Pathway

The role of the endothelial relaxing factor, NO, in B. motmieri active compounds (luteolin, apigenin,
bacoside A or bacopaside 1) induced vasorelaxation were evaluated in endothelial intact ring pre-treated
with NG-nitro-L-arginine methyl ester (L-NAME, 100 uM), an inhibitor of eNOS, for 30 min prior to
10 uM PE exposure.

4.5, Shudy of Vasorelaxant Mechaismis of B. monnieri Active Compounds on Extracellular Ca® Influx

Endothelial denuded mesenteric arterics were cquilibrated in Ca?*-free Krebs' solution (containing
(mM): ethylene glycol-bis (R-aminoethyl ether)-N,N,N,N tetra acetic acid (EGTA), 0.01; NaCl, 122; KCl,
5; HEPES, 10; KH,PQy, 0.5; NaH,POy, 0.5; MgCh, 1 and glucose, 11 (pH 7.3)) for 30 min followed
by replacing with Ca®*-free Krebs’ solution containing 80 mM K* for 10 min which depolarizes the
vascular smooth muscle cells, thus opening VOCCs. Various concentrations of CaCl, were then added
(0.01-10 mM) in a logarithmic progression. After obtaining the maximum response, the baths were
washed out and replenished with Ca?*-free Krebs’ solution for 30 min. The Ca*-free 80 mM K*
solution was then re-applied following pre-incubation for 10 min with either: 10 M active compounds
or 1 uM nicardipine (antagonist of VOCCs), Concentration-response curves to cumulative addition
of CaCl, were then repeated and compared with maximum contraction evoked by previous control
CaCl; challenges.

4.6. Study of Vasorelaxant Mechanisms of B. mounieri Active Compounds on Infracellular Ca?* Release

To stimulate initial Ca?* loading of the SR Ca®* stores, endothelial denuded mesenteric arteries
were exposed to 80 mM K* solution for 5 min, and then washed out with Ca®*-free Krebs’ solution
containing 1 mM EGTA for 10 min. The arterial rings were then challenged with 10 uM PE (acting
through phospholipase C/IP; signaling) which release Ca?* from the SR thereby eliciting a transient
contraction [2¢]. The same pratacol was then repeated to ensure that similar transient contractions to
PE could be obtained. Then, the arterial rings were challenged again with 80 mM K* solution for 5 min,
and washed out with Ca2*-free Krebs’ solution containing 1 mM EGTA and 10 uM active compounds
for 10 min, The arterial rings were again challenged with 10 M PE, The PE-induced contractions were
compared in the presence or absence of active compounds.

4.7, Statistical Analyses

Statistical analyses used GraphPad Prism version 5.00 for Windows, (GraphPad Software Inc, La
Jolla, CA, USA). Data from each concentration-effect curve was analysed using non-repeated two-way
ANOQVA. Curve fitting in the figures was generated by the same software using non-linear regression,
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ECsp and Bmax were compared using unpaired Student’s f test. Values are expressed as mean + SEM.

A p-value < 0.05 was considered significant. ‘n’ is the number of vascular rings used, each ring
originating from a different animal,

5, Conclusions

This study demonstrated that B. ntonnieri active components, including both saponins and
flavonoids, produced vasodilatory effects on rat isolated mesenteric arteries partially via endothelial
dependent release of vasodilators and also by direct effects on vascular smooth muscle cells via
blockade of Ca?" influx and its release from SR. This study for the first time reports the comparative
vasodilatory effects of saponins and flavonoids found in B. mionnieri extract. However, B, monnicri
extract, flavonoids i.e., luteolin and apigenin would be more potent vasodilators but saponins have a
greater effect because of their greater contents. Accordingly, the clinical benefits on enhanced blood
flow and cognitive function may arise from a combination of flavonaids and particularly the saponins.

Supplementary Materials: Supplementary materials ase available online. Figure S1: Representative HPLC-UV
chromatogram of mixed seven standards at 20 ug/mL for 1 and 2 and 100 pg/ml. for 3-7 (A) and Brahmi extract
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APPENDIX I INDENTIFIER FORM

o\

I's g
wunasniayanaly (Identifier form) Patient Code

o 3 [N N N L3 h = A I
L@ 2an"d AU WITHEANATHTURTAIHAN ra"aﬁ‘M:mmmﬂﬂ“LW:«*am’,fz’ammummﬂ@

d

o Y 1 Y
UEEPREFRADERVHLEHYENEANSNAT

(Effects of Brahmi concentrated essence on memory, carotid and peripheral blood

flows in the volunteers)

inform date {day/month/year): l ! M l lﬁ%l I I

danavil {Participant general information)
NAME (Fa-unuana)

ID citizen

Ethnicity

Nationality

Date of birth (day/month/year)

Age {years)

Address as in the house registration

Present address

Telephone number

Present house map

L pagelz
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e e e e

g  w &
wuuwasudayanaly (dentifier form) Patient Code

N ¥ o 8 3 ° P 4 =
B3anne f4f<1|mx§“ﬁ‘w‘sszmnc‘av&nw”‘* FURIAN i“s’l?yi‘ﬂﬂ’ﬂﬂ‘%f}aﬂﬁm‘ﬁ@"ﬂﬁ]l‘z’i@a"!mﬂ\?U?LQm@sﬂ

4 .
iL‘;i':iﬁ’{\ﬁmL‘Zii}f’“sﬁ’%“&ﬂﬁ”!?fﬂ@é@”}ﬁ"i‘e’i%iin‘

(Effacts of Brahmi concentrated essence oh memary, carctid and peripheral BHood

fiows in the volunteers)

Occupation

Marital status
{single/married/divorced/widow/separated)
No. of children {0/1/2/...}

Emergency personal contract
Name-Family name
Relationships

Telephone number

Height (cm)
Weight (kg)

Education
Can you understand, read and write in Thai
language? {yes/ no}

FEDBIA o pate: | [ LT WL 011

WHNEATIRABY oo oate:] | HWT WU T T 1|

Version 2,0 Date 2201201 pagediz




APPENDIX J SCREENING FORM

2
3

WA URDAIRIREMIURIHTRIRRERT

flows in the volunteers)

wuuWasuAnnsasardnadiag (Screening form)

El
LF54N93 HRTaY ‘\E’}W5&23i’iﬁs’*‘»L”;}N‘i",é(‘f@F‘s"&"léI';l h ﬂ"v‘i‘vi‘.ﬁ“‘lii'}\‘}t

{Effects of Brahmi concentrated essence on memory, carotic and peripheral blood

Patient Code

=3 A s S
£ NERUASUTIINAD

Fapluusant

LI

inform date (day/month/year):

[ 1o | |

»
Jayagumw

Sex {male/famale)

if you are female, have you got menopause?

{yes/ no)

Height {cm)

Weight (kg)

Body Mass Index {(BMI}
{calculated from kg/m?)

Systolic blood pressure {mmHg)

Diastolic blood pressure {mmHg)

Heart rate (BPM)

Smoking

(Smoke or >10 cigarettes daily/ Smoke or < 10
cigarettes daily/ Do not smoke/ Used to smoke
but quit)

if you smoke, how many of cigarettes per day?
XXX

Alcohol drinking

{Drink a lot/ Drink occasionally/ Do not drink)

if you drink, how frequency drinking per week?
{1-7)

Mini-Mental State Examination: Thai version
{MMSE-Thai 2002) {score O - 30}

Have you got a dementia? (yes/no)

Have you got a schizophrenia? (yes/no)

Thai Geriatric Depession Scale {TGDS)
{score 0 - 30}

YVergion 2.0 Date 22017204
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4 P A s =i < e
[EENgh Hfi‘ii‘i]~‘2N"i"¢'l?3~i%~lfﬁﬂm’iy}il’i’ﬂéﬁ@ﬁ’é"l&!@’l ﬂ’lﬁ'ﬁ»‘ﬂ?i’[i’uéL‘{%’E}m&i‘;éﬂ'&’@iﬁia'i)ﬁilGNU'&‘%‘JCM;‘;L’E}

=4 5 9
HETHABRIR L IR T RSP
(Effects of Brahmi concentrated essence on memary, carotid and pearipheral blood

flows in the volunteers)

Patient Code

Have you been seriously ill or received a severe
accident or operation during the past 2 years?
{yes /no)

If so, please specify details

Drug using

Addictive drug
{Do drug/ Do not do drug/ Used to do drug but
quit)

Name of addictive drugs (if do drug)

Number of addictive drugs per day (if do drug)

Herbal supplement
{Do drug/ Do not do drug/ Used to do drug but

quit)

Name of herbal supplement {if do drug)

Number of herbal supplement per day (if do
drug)

Other dietary supplements,

i.e, vitamin C, calcium, etc.

{Do drug/ Do not do drug/ Used to do drug but
quit)

Name of others supplements {if do drug)

Number of other supplements per day (if do
drug)

Version 2.0 Date 220 1201
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e —————— e ———————
¢ o o .
wuunasNARNsSasENA1dEAS (Screening form) Patient Code

o ¥ P T “ ¥ = o a
sy uesasinaiiansmiusdosndl NI MRIDSREA TR A BRIASLUTA LAS

garnsosdinedaalneyaesipg

{Effects of Brahmi concentrated essence on memory, carotid and peripheral blood

flows in the voluntsars)

Have you got other personal illnesses? (yes/no)

if s0; specific detalls:
the hame of the illness:

The doctor {if any):

The medical institution:

vinatlulsadu wiald?

viroathilsele wiali?

vranthilsmunnene wsalé?

"

vrnuthdlsaumds e li?

undulranaomfonanss (stroke) wighi?

wudulsapanyiislatings wiehi?

7 ]
s

st leidbaRenge il nitenmsineviali?

BRI oo oate: | [ W T W T 11|
UKREERTIRABL oo, pate:| | T W L L ||

Yersion 2.0 Date 22/01:201 pagediz




e e e |

Y s N
LLUUN@%Nﬂﬂnfa‘mmmﬂuﬂs {Screening form)

¥
Lasanny ﬁ"’“"\i‘i:{'ﬁh )mu&z‘m\! BE 121 RRELS 32&1;:%&]3&%&(31“ SARE R ML\; I EUTT

ueuaembosdaulareensiaiag
{Effects of Brahmi concentiated assence on memory, carotid and peripheral blood

flows in the voluntesrs)

Patient Code

157

aazduad uudaaufuailudgeonguasing Thai Geriatric Depression Scale : TGDS)

afu Tudag 1 ddavifitinuun 1o

aflad

AZUUYU

1 | umelaiuBiamiuegrout

ooy o o i o st N
Andsloonniludsfweaulaiaweriuiise s

iudBndinvehmdriladalifwihesls

?

2 a ' s
Wiufdndamineusey

s el o R
yufiBoainanasmim wasBninlild

dailuajudwvingfnarsuaid

=) 4

2
3
4
5. | unirineddedliaedulu
6
7
8. | viuddnndrimeiiedsifintuiuring

9. | dndlwpvinuddnfinani

e

10. | Uogasaiivimidnliing

1. | huddnnszaunssae nisdumsdwians)

12. | inwevegiudnuanandiisveanuantu

13, | dasndeivimddninnioafeiudindonh

3w

14, | vudrhanedwildfudiniuaudu

(g
o

PP 1e$ N TR
15, | maffPinegfallagtuiduiaebbuiviala

16, | inddnmeiddaniomiilevesy

17, | duddn@aviudeudilidnuay

e, | iwddndrennfuiniinan

o

19, | vinddnh@ ﬁﬁas%azmduﬂomm

20, | wiuddnduniasd Sudurheslalml

rﬂﬂil

2t | vinddnnssiedndu

22, | sdAndums

23, | Wdahnududndvin

24, wiesunidedne 5f1ULaE)'lm;‘i‘]U&J€; L)EJLs‘ilJﬂ

25. | vivdAnasniadbivasy

4 a o v EEELN
26. | vulinrnsadoiBeladminldliui
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g e LY N
wuuWasnAnNsasa@1ddng (Screening form)

¥ . . =
Tmaannt HRpoAEHEGNmINTNE eI I\")’SVLMWB’ sih af%«“ﬁ 2( GEUBUIG D

GrrHRaAEDAAT LR I BENEIGTRY
(Effects of Brahmi concentrated essence an memory, carotid and peripheral bioad

flows in the voluntears)

Patient Code

158

w

v A = 3¢
27. | wugBnaaduhuianduueunous

28. | vnuldesnnwudeanoniuaudu

29. | vudadulaezlsléisa

30. | vulRntweunsalamiiounou

Y

HUIBR
1. AsfeAsuuy 99 1,5,7,9,15,19,21,27,29,50 dwoun ‘Wl I8 1 Az
Safwdetnaudt 19 IE 1 nziuu

2. mMyudana

* Hraanwund - Aziuy 0 - 12 Al
* filauedudntay (Mild depression) AzWuY 13 - 18 Astul
Sied

* giianaaihunany (Moderate depression) Azuuu 19 - 24 Al

* fffanuefinuui (Severe depression) Asiuu 25 - 30 Azl

A WS .. pate: [ T W T W LT L

WAREERIVAAL L. pae:] | W T W 1T 11

Version 2.0 Date 22/01/201
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RULNWRSHARNSRIBATNUAS {Screening form)
srmpsaafieadiudmosaie s

flows in the voluntesars)

¥ - ar f 3 i 2 g gs B
lmeamg f~lii’i}@\’éil‘?Tiﬁi!?lﬂﬂﬂﬁa@l’;ﬁ!ﬁl'ﬁli‘:’z‘ﬁé!ﬁ}’} a‘m'lmm*aai.ﬁ’a@‘hmsmm;ﬁwu,cszmz'z'awra

{Efiecis of Brahmi concentrated essence on memory, carstid and peripheral blood

Patient Code

159

s T i i i, |

AnmEUed (Luunadevammanasdsdiy adununlng : MMSE -Thai 2002)

Juiindmauynais

( Vadmoufipnuaciia )

ATUUY

1.0rlentation for Time (5 Azuuw)

(maugndaas 1 Avka)

1.1 Full Rudvials

1.2 Sutl Yuagls

1.3 Feull Hounuls

La 94 fegls

15 el geosls

2.0rientation for Place (5 azwuu) (Wdanshdn

ladouils) (mougndoas 1 avuuy)

nstlogidhurinauys

2.1 genudiegall Wendedls was.. Soedly

2.2 wudl agiiiuninlaveaihonems

2.3 fitlegludune - waowls

24 Fiideianule

2.5 fitinnosl

3. Registration (3 Azt

goluiifunvatouaud wy @i asvenie

YasTagTs Aa{an,ene,..) Seleflsliiug v

5
supniflosaiades Tiflnvsvondidn W ny G
wany Tinns (6w, yevumunwdildiitdas

Faruio whmened e W @) e

R

s psvandeusasibimihsiudinnu e dog

TfeEodaiuld maugn 1A 1 1 asuuw

() panlid () with () salw

.

Cy dul () nma () Snuud

version 2.0 Date 22/0 1201
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m
s as ar 1
RUUWBSHARNSRIRNEIRNAT (Screening form) Patient Code

N 9 TS
JEEEATIOE tJﬂ%éu’m?22?5{%!’3;%“531%\“ RGN N Tavpafealunnant (omm\ YHnues

uashneadsatdoudararatesstar

(Effacts of Brahmi concentiatad essence on memory, carotid and peripheral blood

flows in the volunteers)

P

TuiinAnaunnnil AN

( WA mavignuasiia )

4. Attention /Calculation (5 azwuw) Whdsnvdolatowtls

fatitunsfinavhla dionedeuas A (,870..) fn
wluladubmge

* fmaufsiiulinaude 4.1

* thneufinlituviolineu “Lﬁmau{fa 4.2

4.1 “Yoilanlila 1 100 f1 avesnitay 7 ludeey 14
padndils vemn”

Suiinfadlimnada (fdmauitgnudefin) iviawn 5 nfa
Frauld 1, 2 w3p 3 Winoullld WiRnrsuuuhihld Tag
ladpadhaluyinde 4.2

4.2 ‘@) avnpdndmeuny Wao (mene,.) e ui
Winos (m,619,..) agnenosndannniuusdiudludousn”

frin s avaedn NaTN-aTEDs-UAMY-ATED-IeUNY =) .8

Tnuno (10,879,..) asnanouweialviad RIS T T S

5. Recall (3 Agliw)
“fiadnagiilivimes 3 adh dildlwy doslstng”

(maugn 1/ 16 1 Asiuw)

() aenld () with () ol

Oyl () wmew () sapug

6. Naming (2 aviang

6.1 Budusalitiesudnnri vaddsidoniesls’

1]

6.2 *E‘smﬁnwa;ﬁa%’r‘ifJmummm 11 “qpsdatidonty

b )

axls”

7. Repetition (1 Azluw)

(wonuldigndedld 1 azuu)

sdilatlans (g vy dans @) Waa (an,000,..) yeaw

Version 2.0 Date 22/01201 pagera
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i e et |
¢ a s ‘
wuUWasNARNTBIaAIANAS (Screening form) Patient Code

Y ¥ R T o ¥ -
1{‘375”'13 HEGETEFHHENELSHT R BHE RN ﬁrlﬁ‘i‘ﬂ(ﬁ)’ﬂ\'ﬁlfﬁ'ﬁ?‘fﬁéﬂii@ﬁ

Pl @t
wruaashendeudanurasananaing

(Effacts of Bratuni concentratad assence an memory, carotid and peripheral blocd

fiows in the volunteers)

[ 99 o f i “
s (B evenfleadiondos

“las 1ad 2w 14 10”

8. Verbal comrnand {3 Agiuu)

“Glafdug o @) ardintsaeld wdnm (n,019,.)
wop ow A e P A s e o
Sudeiton WunGawdnad..... (i, Ty, feq)
frpapunanInavaTeaY TuiAUsE @ - 4 hifiseiu
Tilasony

() Sudredown () Wuede () wdvai.. oyl ifloe)

9, Written command (3 agiuu)

1 K e S o 5w G W o
daluiluidriidouduiwide deanilinu neie,.)
dmudvhen an (me0e,.) wonwenidsmichilafld
fvesauanniza wlvlgo1en
l
Hauan

() whusls

10, Writing {1 Axkuw)

Py L . 2 4 e
forruihludddldnn mete,.) deudonruoslsild @

anudiier ielinwmanen 1 Usslen

11. Visuo-construction {1 axiiu)

P a o . 55 . N oy 3 3¢
Hotliludm& “smbiumilounishody tulidesudng

YDIN AN

. ] % i o ' ar  ae ¥ @
sUiwwdeudoaiiyn 5y awnwdiogn midaiudeuin

gURwdusluihmuliviamndesldasu 1 azwum

AcUUIU

Version 2.0 Date 2203201 pageliid
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WM—W
[ ar .
wuuWasNARNsaIaAIgal AT (Screening form) Patient Code

o g‘ - Ex 3.4 i o < <A =y
LS99 HAEDBIMITHHANATHTRDATHRN I’l‘"&i‘l‘»’m‘ﬁ‘{,‘*EE‘?x"x‘}ﬁéﬁLﬁ«i‘)’aQ‘i}FE RBFUBIUTINAS

e 5 v
WAL UABRGRAREMHLR LS BRNANRYAY

(Effects of Brahmi concentrated essence on memory, carotid and perpherat blood

flows in the volurtears)

A Cut-off dmunzunfimdsnnzauesidon AZIUL
(Congenital impaired)
sefunisfngn 3eAn L
- framigund BeuseAuganissoufine £25 30
BASTOLR - oo pate: | | WL ML 1 |
WAVEITRIANETL i pate:| | MW T W T 11|
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APPENDIX K CASE REPORT FORM

3
5 ¢ PR
WEI e TN T b G L ARk

i

palingsspanaiag

EHEUH &

figwe in the volunteers)

wuuvasainiindaya (Case report form)

2 ~alirmem i taad vy
RN rzw:xh?ss‘fuésn@;w BERIE

{Efacts of Brahmi concentrated essence on memory, carotid and paripheral blacd

Patient Code

Inform date (day/month/yearh:

o A e om o
é:‘lmnmuammmwmﬁmm

HAWELA oo

PO JRESs
FIUIMUO ot | s kg
wr T iy ,
ANHAULANA Sysiofic DIOOT PrESEUNE ..ot mmHg
Diastolic blood pressure ... mmiHg
Piociiale.... 227 ) M. .00 F A Y BPM
SaULE
Waist circumisrence. (cmj
saud=lwn
Hip circumferance {cm)
Waist/Hip ratic
paget?
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34

EY]

3 PR T |
F30s MRt nsuiiaie g

Hows m tha voluntasig

wuuasatiuiindaya (Case report form)

HYBITIATRAT

Patient Code

ERHILBINED

jnform date {day/month/ysar):

LT Jred 1]

oo [T ]
e [T

=

et Gutaniia Barostdng Ladunna

wras Tazk

Wasdsy Adlie W

& s dofag
PR IELETIER

< Number of correct anowers
~ NumGer of INCorect aNewers

- Aocuracy

2. Picture enadaann S nas
recogniion 20 D G
. P a §oes
FORLAGTAGY 08
1 S ‘xrx,ﬁauzg;

"
i
r[‘
fu]
=3
2
0
o
foi
-
o
v
1773

- Mumger of incoract answers

- Agparscy (%)

3. Simole

reagtion time

4. Digit

viglance tash

- Rumber of fakie 2larms (imes)

o

& 5
: v 1
- APETSFIRANR IR

ddumber of total clicks) dimes;
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wuuvlasmiuiindaya (Case report form) Patient Code

A ralvags

Tesars saseimndindmdududoany

P v
R REAREAA AT RIE IR TRS

{Effects of Brahmi concentrated essance on memary, carotid and peripheral blood

flows in the volurdeers;

52ring dindiakigm panasisy fadvnn

wens Task

& Choica - Average reaction e (mey Lo UTTON
reaciion ime ChAcousaoy 383 b,

- Wumber of Conedt answers

6. Spatial

working - Wumbar of nCoract angwers
memory - ACCUrECY (38)

- AVErage fesponse Hme (correct) {ma)

- Ayerage response Hme linconedt) (ms)

7. plumernic - Humber of correct answers

vorking ~ Numbar of InCorrect answers At SN Y
memory

S

arufaneun

rimty (i)

.

\

e
/[ comments
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-4 @ &p @
wuuWadniuninuaya (Case report form) Patient Code

{Asanns saainsuanadiuiudarudy nslusteadonlivaandanundiinnng

uaznaaniRandlatYINEANAg

(Effects of Brahmi concentrated essence on memory, carotid and peripheral blood

flows in the volunteers)

: £ o .
AnaNad (luuvadaudnInala U ﬂUUﬂﬂHWlWE : MMSE -Thai 2002)

RS 9, &
Juindeeunnase - 1 el ngw/
(Vadmaufignuaiin ) S9gEIRaY

1.Orientation for Time (5 AgiuY)

(mougndenas 1 AzluL)

1.1 Suil fuanls

1.2 i’ui‘f Yuesls Fund, §35 v, ..

& : s
1.3 1peuil heoussls AL, QAT ..

g Hodauwyalvandiy
ey 1 asyiudunag

- o
RO 2 ARNNUNNTWY

2561

14 97 Torls

1.5 9390810 naeslsveriuy T ‘
Jrutwinitea), dhuierh

2.Orientation for Place (5 puiiui)
(mougnteas 1 AzUUL)

'2'1 ﬂ‘mzﬁ Santnnsasls anedvanarimmg

12

=4 ld ;‘l b} a4
2.2 Uizl ?J%JVI“IIHLVI']ii‘IJ@ﬂ(ﬂ’JE]’!ﬂ’I‘i

< il o
2.3 filegludinesyls

24 fuegluiminesls

25 fifleglumnansls

3. Registration (3 AziLuu)

5 ¥ s , R ;u o 7 3 N
galuiiliuninadeuaudn W idu) asusndoved | () vissun msuanteusiasdi
ey g vt vaasszanas 1 50l
YN AN (e, 3 dedoflsIifuy wishgasuen | () N . iy a
Y FlE)éLZ!‘Iﬂ%”:iEJL%’]LmﬂU
‘memamm 1uumiuanman Wo w (FdW) weau | () oy (roUgn 1 1 -

g (00,878,...) ﬂmmumummﬁ’lﬂsxulwﬂsumawua 18 1 )
wimengns IR Reans (Ad) mmmﬂ (eesy 3 dadeu
3 be wAADLYIY)

(Ivsan () g () auu
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wuunafutiufindaya (Case report form)

fasams naasihmsdiadaduduianmud nmslvareufanlunssrBeninabioues

waznaandandlatavesaanalag

(Effects of Brahmi concentrated essence on memory, carotid and peripherat blood

flows in the volunteers)

Patient Code

L R ¢ o n‘;
YUVINATRBUYINAN

AzLUY

4. Attention /Calculation (5 azuuw) Wdenvideladants

Foildumspnanlule evieaouaud An (Mene..) fau
Tl

* fmeu “Aeliu” Tivihide 4.1

* famau “Anlilunieldneu? Toivihde 4.2

37
e 5

& o &
4.1 “datiAnlula tan 100 A4 avsenviaz 7 lUise 9 5 A%

einadnsivinls” roy o Aale

s

Suinsnaly
v

DRGES

FaS <l
{(YiFmaunign
@ =
wiefin}

4.2 “u (A8) aznadmimzum Wan (mene,.) il
an (,019,...) aznansendsInidtyusimasiudausn”
M1 WEUN @enadn NBIN-ATYeY-UBVY-AIERN-TBUNIY
Twuan (n,00,..) aznanepndaliiled day q fald

5. Recall (3 azwuw)
i IA ar LS o k) o4 L 3
lodnagiilisiuas 3 et Sildlv feylsdhe

G o L4
Aoy 9 Anld

( ) viean
() g
() ouu

mavgn 1
1 e

6. Naming (2 Azituu)

v : o e A s Ry P
6.1 fiu uwau Iiffgeenaudrnnii“vesdistdiGendiosls’

V & 9 v | SR s
6.2 % udum Wifgeonaquinani “vesdeilifeninerls”

7. Repetition (1 Aazuuw)

i & = e Pl = e

“Galaflann (du) uz dlen @) Tign (m,079,..) yaa
o e g o ~ I

sy (Aid) avvoniosiienden ”

“las Tas ve 1d 19"

temald
gnéiadid 1

AU
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o s/ <0
wuuWaduliufindaya (Case report form)
wazvaaadandaudaravesananadag

flows in the volunteers)

Tmsenig nagaeinssuilatadidudanud nsluatesfenluvsananiraiBnmeg

{Effects of Brahmi concentrated essence on memory, carotid and peripheral blood

Patient Code

o

Yudindmeuvnase

ABHUU

8. Verbal command (3 A¥uuu)

o o A f :
“SlaRmug Weaww () svdinsyasli i (men,.)

[ ey 3 [
Sumeilaun WuAse udnauulfe

RIAE
Witfgeany

- 9 «y _S A bl =3
() Susetionnn () Wuese () wdneuulis

fnespuuannszaTaa swaussinm Lo - ¢ Lifisosiu.

() Fuemeilean
() Wumas

() warnavulfy

vinmdnde gn 16
18 1 nzun

9. Written command (1 azuiu)

i . R @ 0y
seluidusdmiTeududmisdo fosnslinm (m,018,.)
gudvhanu nal (m,ene,..) avsusanidowvielulails

r v vy
l’;{“ﬂﬁﬁ@‘ﬂLLﬁﬂﬁﬂi%ﬁW\HI’Vi%\‘la'lfm

O e

a4

() vdum

10, Writing (1 Azuuu)

v & ol ey v
Foruidudilian (nee,.) Woutorrweslsnld 7
smuudhies vivefimnamnenn 1 Usslon

..................................... F R Y R TR X DL T

11. Visuo-construction (1 puiuw)

U el e “ yighi A & i i e £
doindumds “anmlimiioumniiegie luniemuin

YBINNFAIBENS

v P
FUvhiiudosilu
53 suAm
fhots msdindu

a P
foufingUdinaoy
faslaimnatd
B
Favundaoeld

Asuwuy 1 AYIUY

AYHUUTIIU

Version 3.1 Date 151118

paget/7
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wuunasutiufindays (Case report form)
uaznaanidangiulansansandnaing

flows in the volunteers)

{asanns wsrasiwanigimdndusaniudn nsluaresdanluuasnidenunaBionne

(Effects of Brahmi concentrated essence on memory, carotid and peripheral blood

Patient Code

g Lo d y
yafin Cut-off dwiuasuuundsdonnsauaudon AZIUY
afin \$ial
gRUMIAnEN 3
Y P PR NN P i <l
- figeongund Seusedvldinhiudseoudnumia 6 <23 30
- fgegund Seusgdvuszoudnm <18 30
BREBYA oo pate:|_| W | N NN
HRTIRRBY oo pate:| I W | I B
page?!7

Version 3.1 Date 151118
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Code BMEs Date

o o Y i oy g v v el
(’Ua 10) L‘Umw}aﬂ”sﬂ@la:%ni@ “)8’7%“@’33\53‘3

(@2 11) e ldinilewninaiatie




APPENDIX L THE SITE VISIT IN FACULTY OF MEDICAL SCIENCE AND

THE COS-NAT




APPENDIX M PROTOCOL SYNOPSIS

asdlasamsinenisiansanniendesssynisivelunyed

i e

(Protocol Synopsis for Ethi

Ey G A6 arg E
1alaTnns (Proposal Title) -1 @6, 2062

U-JRE

¥ o Y D‘ 1 & ¥ oy
ATETwY (Thaik saveahwsudanadinduserwd ﬂ'ﬁhaa‘uauéam'lmaaam?aamcmmrmma

oy

saruasniionduUmevetenaatng
ARy (English): Effects of Brahmi concentrated essence on memory, carotid and
peripheral blood flows in the volunteers

o o

2, %aﬁwxr‘f}ﬂa (Investigators)

v o ar «

2.1 ¢{3evan: Se.AY. NIBINYIY YAng
dane: MATEITIVIEN ANEINEIATERINSUNTE UMTINENSEuLSENS
(Ph.D. in Phyéiology & Pharmacology)
muduiinveuralasenside: FHndilesimyide diddenasffumasursnany
msausfiigadesiusdosasunisddoluayud (Human Research Ethic Training):

- fhumsousy Fes ¢ KU ITEMaRRTnAmINAIFIUATU TR 5 T emeadiindid
(Good Clinical Practice: ICH-GCP)” Fufl 1-2 fiquiu w.a. 2560 0 AaIZUNNBATAAS
unIMENAUsTINAIANS AuOTadn

- fun139uIy “Two-day intensive course on the principles of Good Clinical Practise
(GCP) training” Yufl 4-5 fquiey 2558 uvn"msha”mmmw dnlae Thailand Center of
Excellence for Life Sciences (TCELS) & Facutty of Pharmaceutical Sciences, Naresuan
University & Medical Research Network of the Consortiurn of Thai idedical Schools

2.2 {3dusaa: $A.05. nsnun  Seafituy
die: madvunduniivasindum aazindumans uninendeutsens
(Ph.D. in Pharmacognosy)

MiuAnreuRelaTINITINe: Andenaaadag viTouarAfaniinounsnasy
miamuﬁkﬁm‘ﬁ'mﬁ’Uﬁﬂﬁ’ﬁuﬂ’ﬁW&ﬂuuuuﬁ (Human Research Ethic Training):

- ﬁhumiausmi?'aawﬁna‘i‘aﬁsmuaxn'ma%’usaw%aﬁimmﬁ%”aluuwa‘ INEABINI IS
Ful 7 G w.ei. 2558 w HoeUssailuniynmm 2 aausindrans uuinedousan
Jalavanuznisuntsaiussaunisidelunyed vusms Sufuansndvmans winsms

- HIUATDUSY Good clinical practice (GCP) training “Two-day intensive course on the

e A =t 2 o
. principles of GCP Training” 539113Tu#l 16-17 fu1Ay 2560 m Hosduutoninasn




173

WUNANENALULIAlg aalag Thailand Center of Excellence for Life Sciences (TCELS) saufiu

MedResNet

L L

2.3 JAAESIN: TA.AT. LUR 298YT
&arvo: etz A ulatndansy AausndTANAAT NUINENARIULIANS
(Ph.D. in Pharmaceutics)
AuFURATaUsalATNN1GI4t (Research Responsibility): AALABNENIA4NAT 111

[ %

A UAT A RN LNTHAINY
mmmuﬁL‘ﬁ'm%@ﬁm?ﬂﬁﬁumﬁﬂ-‘a”ﬂluwwﬁ (Human Research Ethic Training):
-N178UTN Two-day intensive course on the principles of Good Clinical Practice
(GCP) Training Fuft 4-5 HOUIEIW WA, 2558 T NUNANENARIUIAQT amlagl Thailand
Center of Excellence for Life Sciences (TCELS) & Faculty of Pharmaceutical
Sciences, Naresuan University & Medical Research Network of the Consortium of
Thai Medical Schools

2.4 fAausan; wuwnd Aszwed (Bas1innd
&arim: NPRTIARLANART MBI TUARINITNUIZAN AUSIWNEANARAT NUANEIAE

ULIAQT
ANFuRasaUsAalATeN1I34e (Research Responsibility): AmLaanandanddas
Usziiuannanaaiazan1rduaii luaianadng LasARuWIHEUNINAINY
nseusuiiieadasfuaiusssunsdelunyue (Human Research Ethic Training):
- {unNraLsd The Good Clinical Practices (GCP) six-hour required course Anlng
The National Institute on Drug Abuse (NIDA) Center for Clinical Trials (CCTN)
Clinical Trials Network (CTN) 51&‘*7‘; 30 ARIAN W.A.2559

2.5 gaaasan: a1ansd 4191 uiaumila

- o

&arve: nedr A lulatiinlauasniaean ARIZARTANERNT NUNINLNRLULIAT
AaNTulAtauAalnsan1s3ae (Research Responsibility): N34t szidunng
¥ =i ) dl L o . af = 5 !
lwansulatiniaasaenladLTnAe (carotid blood flow) LaZANUWLKELNTHAIN

nnsausNinadesiuaseassunis3dt lunysel (Human Research Ethic Training):
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- 219N Good clinical practice (GCP) training “Two-day intensive course on the
principles of GCP Training” 393U 16-17 Tunan 2560 o FeaduuneNM AT
NUNINLNALULIANT AAlAY TCELS fauiu MedResNet
- AUINUANGRAS Human Subject Protection Course dsematieinatinadeusd 57 23
UNTIAN 2560 D4 23 NNTIAN 2563 04 FaeduuuLan AT 210-211 81ATLaNINA
0 UMNANEFEITAT TATAEANLNIINNIIAT eI INN9ANE TNy AN Ay
WIAT
2.6 §AAETIN: HA.AT. AUNTATT IFUSTIIY

&afim: NARTNETIINEN ANIEANENANARTNNTUNNE WU ANLNARIULIAYS
(Ph.D. in Biomedical Sciences)
ANFURATaURAalATIN19948 (Research Responsibility): Y113a8UseiluAuan
(memory) UATARNWIHELHTNAITY
mmmwﬁLﬁ'm%@\iﬁuﬁﬂﬁﬁumﬁ@"ﬂ‘lumémf (Human Research Ethic Training):
- Two-day intensive course on the principles of good clinical practice (GCP)
training antae Naresuan university institutional review board & TCELS & medical
research network of the consortium of Thai medical schools & Faculty of medicine,
Naresuan university FuR 27-28 LWHIEY 2559 1) TRNENLNANWIAINENREULIALS
NUANENAEIULIFATT
- Human subject protection course AAALIANILNITNNATHTTUNNIINE Iunyiel
LVANENGEILIAYT FINAURITNITLANIZNIINN ARG TR 24 Tunan 2560
U FRIANNLENINATD 211 RIANTBNTNATD NUNANYNAEULTAT
HIRETIN: HA.NT. BITLD AIANILIR
&afim: NARTNETIINEN ANLEANENANERTNNTUNNE NMNANENABIULIAT
(Ph.D. in Physiology)
poNFLURATeLsAelAfaNNTINE; ARAeNenddlAs YindaeLszifiuaanuan (memory)
WASARNWINELUATNAINL
nwamuﬁLﬁmi’f@qﬁm’%ﬂﬁﬁumﬁ@”ﬂluwm‘f (Human Research Ethic Training):
-8U9H Good Clinical Practice: GCP Trainging Tudu 14-15 §u91 AN 2560 0

NWANENREULeA9s Atae tae g, (NRCT) & thsadnedstnguanifuunngAans

wilszmalng (MedResNet)
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- AUTNIFAY Basic human subject protection course iU 11 WHBNIAN 2568 1
184 Slop 232 AULANETANRRTNNTUNNE NWANLIRUWLIAYT ALALIANENTIHNNT
A3u8750N19348 Tun Yy IMNANeaueAaT fNfuAMEANNAERTNTuUNNE

NUNINENRLILT AT

- auINFag asasssundae lunymdiuagulng wiesdians uare gty Tu

q

o o

IUN 21 AERIPAMIGEY 2560 04 HAIENNUILANINATD 208 TU 2 BIAITLANINATD

NUINENALIULTAT
e Qs ) o v
2.8 {ANEFIN: UNE UFNT ATLNI

A907: NATTIATIANY ADILAINEIANARTINTUNNE NN1ANLIRUIALT (Ph.D.

student in Physiology)

ANSURRTaURalATaNI534E (Research Responsibility): Rasafiliataiadng v
Fuvanua uazilaifiunisAsunaees blood flow 3RMMIUAINANE reactive
hyperemia LL@ZLﬁU?QU?QNf’BH@%@MN@
ma‘@muﬁLﬁm%qﬁm‘iﬂﬁﬁumﬁ@“ﬁ‘mwmf (Human Research Ethic Training):

- Good clinical practice: ICH-GCP anlagamzunnaAdnFlsana1unasuisun
uMANEReNAing Jufl 18-19 NNAIRUE 2559 D4 ADIZLWNEAIAATITANE LA
PNMNBLA NWANENRBNTAA

- Two-day intensive course on the principles of good clinical practice (GCP) training
and passed GCP examination at satisfactorily level anlme Naresuan university
institutional review board & TCELS & medical research network of the consortium
of Thai medical schools & Faculty of medicine, Naresuan university 'flvu‘?; 27-28
BN 2559 D TRNENUNANMNINENAEIULTART NUINENAEIULIAIT

- Basic human subject protection course 47 1A8ANIZNITUNIIRTLEITHNNTINE 1N
Nyl NMIINENAEULTAS Tuil 22 NINYIAN 2559 U HEIKUNUNANINATO 301
ANANTLANINATD NWINLRLIULIART

2.9 gARESIN: Wiy, ANUNT eyaTaRsg

&aip: NMATTNEEIANART MUILIULTZANNTINEN ADIUIVEAIAAT NWIANLAE

ULTAQT

ANFURRTaURAe IATINN334t (Research Responsibility):

- AANTANENANAN AT LaznAsulssiugan naNasLazansdNAF luanandslag
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2.10 fAR8SIN: 5A.0F. AUAUINTIE IMUUES

A4 NAITNETIINYT ADIZUNNLANERAT NU1INLNRLUDULN

ANNSURATaLFBTATINSIAY (Research Responsibility):

245 Q0 1 o

- 198U s NANAN (memory) WATARNWLHE LWINAINL
RE59H: AF. 0N LEBIAIUIA

2.11

&arin AInamiae LN ANEANEANERT 1. WeAT (AuIs UnAnanAdnTIz AL

! ]
=

UfAnns)mnsuiiageusalasaniside: i iifudaaiozuargaan sz

Apsziisaly

oo

2.12 §ARu5IN: PS.ANTU AGNEEITN

9 9

t
<A o

A9TA A0NUARLATAIENANUALNA AN U AITNTNR ARZINETAGRT UWINLAY

ULTAQT

puFURateLRalAsaN1s3ae: daauAulatin daimin wazaauninannissull
Natlszaar
2.13 AAE5IN: WA.QHMUN ARTIA

AR NIPATNETIINEN ANLANYVANGATNITUNNE UUNINLNAEILIALT

ANsURRTaLsalnsaNITINe: NautinAdaadangNananandsiasaaallsunsu

Battery cognitive test
2.14 RaEsaN: WANNsE Nananlsd
&99 NANNATIAT AN ATION ANILINATANART NAINLNRLIULIANT

1
=

pNFLRnTeufalasanisIde: iauinfdaadnaiuananatadassaalilsungy
Battery cognitive test

2.15 §AAndoN; W.A.ATYA3H AUAUNS
&t NPATNETINEN ANEANENANARTNNTWNNE NVNINNREIULIFNT
AnuFURATaUAalATINIdY: Useanienu uavdatguasIuItANAaTAINULT
ANaaNA?

2.16 gaausan: WA dennsol tead
&arin NPT NNATARUALINATIAN AN ATANART NNINENALIULIAT
ANNTURATaLARTATNIIIAY: UTTa11anU AT T8 AUABIUIEANEZAINUT

ANANANAT
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2.17 HAR899N: wrennRqA Inaau

q

£

&aim NAITNETIINEN ANZANENANEARTINTUNNE NMNANENAYLIANT
ANNFURATRUAETASINNTISE: Ysrantani LAs TR UABIUILANATAINKN
andadng
2.18 ;ﬁ'ﬁ’ﬁlﬁ"m: Mrs. Genet Minale Yeshanew
&t Nt undmAluasindTion ANATANART NNINLNREULIAIT
AuSLRATaUAalan1TIAE: AiArziideFunniae9ans metabolites 1138
mﬁﬁmmmﬁmﬁmwmﬁLéTmTulu plasma Auul3udaly -80 °C
2.19 JIAESIN; Y.AATAT SNLAUNE
farin NARTETIINEN AREANENANARTINTUNNE NAneNARuLIAT
- AnNsLRRTeUAalATaNTIAE: ALATI1zHLFNM endothelial markers 11 plasma 7

Vo luaalu -80 °C

3. %"@Mﬁfaﬂmumﬁvgu (Source of funding)
Idsunuann:
- AudaNRAR TR NANERAT (TCELS)
ﬁ'@fgmﬁ’nu: 69 81AN3T9 14 22 0.3 AR uasdauly wamaIn NN

Q)

10400

T w.et. nlaAsun: W, 2561

4, MANNITURZLUANS UazTinnaailnsanisiae (Rationale and Background)
P o = o A = " J
ANDILABNARANMANIAINUARALRBAALTGAG FUNT “ANDIURBNINGANDY
< " d 113 he $ d‘ dl 2 dg" S 34 |
I1ALFBA" 178 “vascular dementia” lunnzaneadenistuluduiuaassesaInlsnanes
\daudnlaias (Alzheimer's disease; AD) wazwulatiaeluggeans (Roman, 2002) vascular
dementia N1 1FANNANADNAINNENTENINUBINABALADA MIFALUUIUBIANBIRIUN N TN

Nendaaiuanusn woingsy Maeuf uazmeindula neatanmeswmaeniaeniiiinain

]
=

a1gANAY NsudvfouayaANE ang uuedHiansenlaen (arteriosclerosis) tnelaniy

3

waandenLAsIuIA g 217 VaenldanuAILFMAS (carotid arteries) YianTUdNAaT89NIIe

} 4
o o o

NADALADALASTIUNALAN 817 NADAIARAANEY DIHINUARAADANLNFNTWITaR LA RU919

msluazadiden azvinlinmslwaReuasnlilganssanas denaliasdanesnnsandiauuay
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gnransauaari WeadaueameauasAanensanmhuileaues wu n9meeiionned
Lﬁmmnmmm@@m (infarction) mﬁl(ﬂ?ﬂ‘ﬁL'ﬁ@ﬂummuﬁmﬁﬂﬁmﬁﬂﬂﬁum {(subcortical white
matter lesion) aNadHa (cerebral atrophy) ianAaaN aNes (hemorrhage) s audanald
\i¢ vascular dementia (de la Torre, 2012; Kalaria, 2016; finaus Wiguawua, 2555) tJadtiden

q

gAY WA R vascular dementia taun AvxAulatings (hypertension) Teasinla (heart

v ¥
o = o

disease) 1AL (diabetes) NazidenilasuiAu (hyperlipidemia) yiafifalaifiensnu
. P =oom o i‘/ [ o R ] v o o
vascular dementia IfiUsy@vBnw Auiunsinenlulaqiiuaajsuiunisruauiacaidesues
nainalsaRanann (Baskys, & Hou, 2007)
nnsfusemunanineiduanmsanagulnaieadadngunaniidaduniian
TP AN Lo eNNEHA AR DLTTLET N NI T AL T2 A ANNUIRBNTBIANEY LNFIANBIUATAIINA
dl Z’/ =4 7Y R nﬁl A o ¢ @y = c:i ¥
wilwinAe “wsn” (Bacopa monnier) aduialumisnisunndangsoguesauinei liun
agieenau Wil ldidugmingesaniunan thpeezuudszanmuazavuiiala (Research, 2004 ;
Russo and Borrelli, 2005; Kumar, 2006; Gohil, & Patel, 2010; Aguiar and Borowski, 2013; Singh,
2013; Charoenphon et al., 2016) Nan1AdELNTd s B pesvuLlazam WumaFeug
warAlINan wazdndasszuudezann (Das et al., 2002; Dhanasekaran et al., 2007;
Limpeanchob et al., 2008; Uabundit et al., 2010; Vollala et al., 2010) FNuANsaYy BTy UL
192@7 (Anbarasi et al., 2006; Jyoti and Sharma, 2006) A1IUNZTNLAS (anti-depressant)
(Sairam, 2002) AuNNIzANaLABY (anti-dementic activity) Aaanalnsuweuliladueama
154 (anti-cholinesterase activity) M usiavinaredsfanaingenszudszan (Das, atal.,
2002; Saraf et al., 201 1) ANLRA N U AIALTY (anti-hyperglycemia) (Mitra et al., 2014)
i’, s:i’ a 1 ey ) ?/ v o o =) = '
wannsui i acufdufeiantenulafinineuazaaiad (haematological and blood
biochemistry parameters) waz linud §izendulifeszasiuaznadnanesia < (Joshua et
al., 2007)uanannil W?Nﬁﬁﬁﬁqw?ﬁﬂﬂﬂmﬁ'ﬂ@ (cardioprotection) (Nandave et al., 2007) W«
mslwaresdanfivaandaniiala (coronary blood flow) Huymsinemgesialandsanniaen
(ischemia/reperfusion injury) (Srimachai et al., 2016) waNAgain lWnaan@eANEHIUNITUAY
419 nitric oxide antaRIaUIATIALN (endothelium) 2aauanniaan wazeunalnnisduds

waiden laaaud L Ias LA WAYAIN sarcoplasmic reticulum nelulgag (Kamkaewetal,,

i
= o

2011) idAnyRennziAdeldAnuretannudnsniiinnislnadaulalinivasnidonun

U3nnialAananes (superficial cerebral blood flow) Tunytln@nlifiuansaiansuiiii
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AU 8 dilanl Tmﬂﬁqwﬁtﬁammﬁummﬁm udefingl (Ginkgo biloba) (Kamkaew et al.,
2013) nefnEN A st AN s B temae AEenlns AT TN
(cerebrovascular dilatation) faiAaduldlddmenfifuaifinnisinaresdenlgauasuas
Wraziitlsz@nsnmlunnainen vascular dementia

nafAne Tune (clinical trial) wudnenangsiasiunlsenuwsnil lugluuuamsiada
afladlain WaaeiniuisluenaaTrsgunwaoin el demm luarassinsiito
ﬁ’qaimmmﬂiﬁL?ﬁ'@mﬁmﬁahLmﬂmzé’ﬂwﬁﬁmqﬁmnﬁ”ma (Stough et al., 2001; 2008;
Roodenrys et al., 2002; Raghav et al., 2006; Barbhaiya et al., 2008; Calabrese et al., 2008; Peth-

1o

Nui et al., 2012; Downey et al., 2013; Kongkeaw et al., 2014; Kean et al., 2015) waeeldd

o o

msfnsBanaresmasiunsfisnsineduudeslganasluns Sadunalndfnylums
nAana nsfneniajivindneuiidianisivadaulafinganesluenanainagede
qunnd s aziilugnisyszgnsldwsniliundninsiidinemnslugtlay vascular dementia
sl

3. p9.nenUN B9ARTWT AneLdTANART WuAnanduueres TEldauas W
ayulwansnuiidundninsiidsuewsaiiade nelinisuanaupuuaza i lngedAnis
WN&TNITN UTB GPO wwﬁuﬁuﬁﬂﬂnnﬂuﬁw standardized Brahmi extract 411/ 300 mg
Sutlsenmduas 1 1We anzRan idaiudselomilunswmunndadneineni luguuy
wanfisinaiadad (Brahmi concentrated essence) i ednasantsiutszniulagianiglu

&

A9 wananntl nandihanmdudussiangnusiouinsaduda Uiusasnidliiiudseniuy
nsAniunIsAnEraresnsiulssmunan et aduduluenanainsgeang
gund lnaazlsziduuaziFandaudisn o lud patuan nastwaBoulalinivassiden
. . o - -
WANLFIatuAR (carotid blood flow) Mstlaanulasasnisiuaredenuasnidendiuilanaain
. . zﬁl ' a‘ £3 [ s oa o <4 1
N9 reactive hyperemia BaiiluAi MlsziliudsrAnBninnisaangfiateanaeniaan Lazan
= PRI , } R o - o = -
FiadlLaeA (blood biochemistry) Atiauiannisnnauzadisadiaulaniaannvaeniaan
(endothelial marker) liun soluble I-CAM1, V-CAM1, and asymmetric dimethylarginine
(ADMA) kafatadannutasniaaasnisusinansuiiluan fasting blood sugar (FBS),
glycated hemoglobin (HbA, ), lipid level, calcium level, liver function test, blood urea nitrogen

(BUN) waz creatinine $9899A1ANARIaRRLa 8 RTIN1TIHA U9 lauesaiananng Al

nsAneilaylddayailidulsslumddmiudus inameduniauaenlunisiudssniuamis
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B uazfludeyamdngnaansiuansuateasniisdenduandduiusiuns el aules
<4 & ' 1 aeid ' o e o =4

wengdananiselietals naenaunatesnsinisedssdninmlinsaatefiuesmannlann
warAuaandy suaziflulseloniduiunisUsygnad ldwsnilnedasiunazinuagilas

vascular dementia ugjgaan) pall

5. NUNIUITSUNTTNIUIRBNLNLITRS (Review Literature)
5.1 ANBUADNUARNDIUIALABA (vascular dementia)

Vascular dementia LﬁumqmmaL?ﬁ'@uﬁﬁmmm’mwmﬁmmwﬁu@ﬂmﬁ@mwm Wil
Tides sennnifansy 1-4 ‘Lucgfzg\imqﬁmq Faugt 651 mw“gﬂzg\f*’ﬁ”uﬁiﬂﬂ o 1y 2 LVi’]Lf;@@’\q
sntunn 510 3 uaziaiuFesiaz 14-16 lufgeeneifiv 80  (McVeigh and Passmore, 2006;
Baskys and Hou, 2007) uaznuususUgassasanlepanasdenaindalmmes el vascular
dementia itk 3 THAAF e MR AsesTALING Fat]

(1) Cortical vascular dementia ¥3a Multi-infarction dementia NMZ&NE4 L%N‘ﬁlﬁ AN
waandanduasaa lugAursegasuluvaiariumie dneznisaniiulen
AtsantEa

(2) Subcortical vascular dementia %38 Subcortical ischemic vascular dementia N9
AuaaAaNTIAnAN e Al AR ARNB TN AEN ALY

(3) Strategic infarct dementia TER Single infarct dementia mqmu@qﬁimﬁ WiMRINNIS
AuviegaRutemaemrengned i uniuses nuduseslsalmniiwniadn °

Subcortical vascular dementia ¥isa Nezaxasdeniiiasannnisaidentiiodld
Waenaues Whinnizsueadenfinutien Sennisrasanesanaien lodssammendunten
(Binswanger’s disease) %\W »dRY1199447 fronto-subcortical circuit 1D9RNBIRIU prefrontal
cortex, basal ganglia LazNNsTaNAaTed thalamus Wax cortex AnlfifinnsanduaeAnHan
NILLNUNNTAA (mental process) nN9YyA (speech) Lmzwqi?mam (behavior) NM9RUAYaIIaLn
Aennnadni i iesuemnaundenidn (lacunar infarction) tAuaneLBins i dnesdon
basal ganglia Wardx23d21nas (midbrain) miﬂl’lmg@mﬁmaugid (incomplete infarction)
V‘iﬂﬁ’ﬁwm%mmwu’%wm%uummﬂazmwLLuumm’m (diffuse white matter lesion) AN
sy iy Andn virdndnind zgggLaammwLLmummﬁm‘%éuu‘?@mmmmumzﬁﬂLﬂu

L o . ¥ yos , R S
dumaw yevianiaingn | Inellaifaanuvang (perseveration) AnugnsnsnlunsFeugizaslu
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Rel'ld (ineffective leaming) Tignunsnvinauiaduiutauld g (Erkinjuntti and Gauthier,
2009; Al Wlguauan, 25565)

fadeideasianisifin vascular dementia uiivldiilu 2 ngalney Tdun fadedesd
|sunAedlailE uasdade @uefiusunaedls Tnadadeiusunaaulalls 1dun anguan me
g Wugnes deTni uazLlszSRidulsevaenidenduas douiladeidaiiusunanls dun
TaduRpeenmnialsavialasaunaeniden wu Tanmusidaiings Teannm Taalasdily
\aangs Tsarinlaamaen lsanaaniaanundantans ms@;uw?“' usu (McVeigh and

Passmore, 2006)

5.2 guEMAFTANENTaInsuifastuulszavnludninaang

LUNAMNNLNIUITIUNTTN (literature review) Vianel ] UNAIN IH1981I N3 TINNT

2/
=y

m‘lﬁﬁuﬂ%?ﬁm%mwuﬁnmmmﬂw'a“‘wiuﬁﬁimzuuﬂ'a“zmﬂumﬁ‘LﬁmmsL’?ﬂuimemm"q
(Research, 2004 ; Russo and Borrelli, 2005; Kumar, 2006; Gohil and Patel, 2010; Aguiar and
Borowski, 2013; Singh, 2013; Charoenphon et al., 2016) Fatazienselilil

ansdetlszanm (neurotransmitter) TRAalfiaTAR1 (acetylcholine, ACh) nierlugnasil
UNUINAIUANNIG FEUF LAz AIINAN duaadiszanmaiiniia¥ne ACh (cholinergic neurons)
151904 hippocampus Aananimas azinliiAnnzanes@en daiunnadfislsyAnsawl
N1IN9ULRY central cholinergic system oﬁ’aammq‘u anticholinesterase %ﬂ@mmﬁ‘ﬁ’lmﬂ ACh

o

Aafhundminiaiddylunsinsndileaniozaneuden mafnensndinefaunnalnudu

!
=

1nan 2 dlansflunyi l#5uans colchicines (@auilu neurotoxin iitesinaeiasszamnneily
a3199) WU lFdsatansuAn1eninlddsuaens Ach nauunidulng (Dhawan and
Singh, 1996) u@ﬂmnﬁmmr‘f mwmﬁﬁqﬁﬂszaw%mwium?ﬁwjmmmﬂ@"’] (antidementic
activity) ‘Lumﬁ willgailiiRnAuanidendaeans scopolamine Lmzﬁqméﬁu&qmiﬁﬂmumm
Lm&%ﬂfacetylcholinesterase lunaannaand mn’mﬂ”m?“\uﬂw,t,uu dose-dependent inhibition
LaAIINaNTa T AN H A AT Lﬁmmﬂ?ﬂuil,ﬂummmﬂ (potent cognitive enhancing
properties) (Das, at al., 2002; Saraf et al., 2011) mmﬁmwmﬁmmm@mquzﬁm\uﬁ;miuw
Fwilaailenasdenanntadnadesaaseniugn phenytoin (Vohora et al., 2000) yananng
a981ATY1eNANANTNH bacoside ETQu?v'ummfiﬂwﬁﬁqumwr«i”lL%@mwnmmmm

29nT1a1 (hypobaric hypoxia) WALAANIIL oxidative stress Twaatszan (Dhanasekaran et

al., 2007; Hota et al., 2009: Dwivedi et al., 2013) a1n318914N 1578 W ATENATIIBIA1 981 A
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WaNH bacoside A WLIINNIAUBYABATE (antioxidant) 284417 bacoside A I ARNNNNTLRY
dsz@ngnamniavinauseaewlsildlunisadneyy adasluanaany 1 superoxide
dismutase (SOD), catalase (CAT), glutathione peroxidase (GPX), glutathione reductase (GR)
Wusu (Anbarasi et al., 2006; Jyoti and Sharma, 2006) wanaInd neufivinlANeNI LAy

AU TR ARLIsza (dendrite) Tumfin@iu inliAnmMsFeufuazAuan (Vollala et

¥ !
o o =

al., 2010; 2011a; 2011b) sAsia I # wudnansaimwanisudegnsivn hAAnN s nLaL
(inflammatory cytokines) tAwn TNF-OL wae IL-6 ﬁua‘"\immm’gwuim:uuﬂizmw
(microglial cells) asfudaeulaiinaadastuntssnianluaadaue tEun caspase 1,
caspase 3 a8 matrix metalloproteinase (Nemetchek et al., 2017) ﬂ’l‘iL“T\lINﬂ’]‘a“L?ﬂuiLmz

auananuilanaln Aa @sainnsndnnlians@eilszaim serotonin (5-HT) luaneanydl

U %
= e

B nuANTY Laznisuansaanaaeiun M lun1sasaa serotonin transporter (SERT) (AN
(Charles et al., 2011)
d” = o o ‘ . . - P 3 o

WBNAINT WINTAININAADINITIANTIG (anxiolytic effect) Tunyngniviianiinl
= = o G . v o o = o ) dl 1
inannsianisaa (clinical anxiety) nslfansaiansufinieniseueaununguaaunun i
£ lorazepam WLANA198N AN TNAARBINNTAMNAIIIANINNTE lorazepam WazNTNE Tuvin ey
= & =l o J ol/ ar d' o s = o
Narad19ALeANadandanssesdnnuluan S E1a1n1sANReaa (Bhattacharya and
Ghosal, 1998) uazwsufeiadaaananisduidin (antidepressant activity) lunyivinliiiaeing
TULASAEAD behavioral despair test LAz learned helplessness test N5 IR @7aNANINTNIS
thnueufsuriuensnensatsasa imipramine wudngsdainnsnananisiuasnldadned
UsEAMANMNINNGIEN imipramine (Sairam et al., 2002) WanaInHa1saiANIN T8I0
PaUANBINSANTN (epilepsy) Tumyldifiuatinai (Mathew et al., 2010)

nsAneHazesnsNiAenisUntadimadilezain (neuroprotection) WLANWTNE
anunrndnifaugadiszainainnisinaraaas B-amyloid Tulaaginizies (primary cortical
cell culture) FansnfiHnMEA1UN97AA lipid peroxidation #ANT94TIA metal ion reducing AAN"S
WM oxidative stress Nnaluiag (intracellular reactive oxygen species; ROS) Wazeiufianis
nnenuaedeu ol acetylcholinesterase nalwaadlszann (Limpeanchob et al., 2008) @19
afansuddosanszan B-amyboid luanssmyinulasiugnasuiiinalsnanesionsiingale
\was (Holcomb et al., 2006; Dhanasekaran et al.,, 2007) uaznsuAdaufinnisFaufuazaruan

wazinfasnisi@ensesirasiszamlumdauarsanansufiney 2 dUaiudamilentin1i
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Wulsranaadentiinda e fAaeans ethylcholine aziridinium ion (AF64A) (Uabundit et al.,

2010)

5.3 qwéwwmd"’ﬁmmmmwa‘uﬁr;iasxuuﬁ'd’héwmam%"am

‘Lum?wmmquéﬂmmmﬁmwmﬁﬁi@mamﬁ@m’mmemwmm (in vitro) w3143
arpnsnivinliuasmdaaundilen (pulmonary arteries) azuaBARBALALLARATAN (aorta) 109
nszfneAaEfia mounalneunNeNszail cyclooxygenase WaTMTAANNT MATeUAAITaNA AU
L?Tﬂzjlfna@rﬂﬁmLﬁ@ﬁﬂwmm@mﬁ@m (Dar, & Channa, 1997; 1999) f3Rauazan lAaeeu
AN R AN d ALl (20-60 mg/kg) nnaandann lnanseansnanANAlalin
Tumyls uazdauansinansainnsufivinliifianisaanssozesmiaeniaen Tmﬂmuﬂ@inmma'”q
47 nitric oxide ANLTaE endothelium TaaMABALABA LazHunalnnsdudinnsinare
Laldudeandnagiazn1sdeunaEnaeauann sarcoplasmic reticulum nag/lulgas
néuiileGeLrasnenidan Usiuiiunaula Ao arsafansudivhlinaendeananeiia
ARNEAA 1198 MaeRIABAGMNES (basiar artery) TAanla (sensiive) AednsaTananfiuniign
TntvinenidenuaLAazIfiaTiiAnalle (sensitivity) AeansariansxilBasannunnludae lun
M UARALADALANAN DY (the inhibitory concentration 50%; IC,, = 102+16 pg/ml) (ii) NARALADA
wadan g (mesenteric artery; IC,, = 17131 pg/ml) (iii) NABALABALAY aorta (IC5, = 213468
ng/mi) (iv) waanidanundla (renal artery; IC,, = 37551 pg/ml) (v) MaanlaanwARIauy (il
artery; IC,, = 49493 ug/ml) Ua (vi) anARaALAILEINLMHEL (femoral arteries; ICy,> 1,000
pg/ml) (Kamkaew et al., 2011)

AnszfRsud Ui vadeulafinfivaendanuasdianfofenaue
(superficial cerebral blood flow) 1uméﬂnﬁﬁ“lﬁﬁummﬁ ansufifuanunu 8 dlanif Tnudl

.

v Weuwinfuarsaiaudzfiag (Ginkgo biloba) (Kamkaew et al., 2013) mMaAnm il lyfiiuin

v
at

wanfivin iR anspanufTemaendenlnemsLEIENeY (cerebrovascular dilatation) Aatiis
Auflulllddmsnddnaiiunisiwareadenliganes uazirazldsz@ninimlunisinm

vascular dementia
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5.4 nMsAnEANNURBRANE (toxicity study) URIENTANANTNH

anmsAnEANaeaftesasaiansudineauasainnsnlauings 5,000
malkg Nsinesaiae udadunaeinisugnsanuiiufmadsunduilenandily 2
duanef ldnuanuindnAludnenizeanisnginssuuazldwunismiaaeany uaziile
wmafa‘umwLﬂuﬁwiﬂ;@‘m:ﬂﬂlﬁ’ugﬁummﬁmwmﬁmmm 30, 60, 300 WAL 1,500 mg/kg %N
Fuuu 9 1hau TdnalfiAndyyinuazainisuansaaspansidui s ludnenienanens
AngnrasedesrnielunazAndeniiiosdasfunisiieuresdiu 1n wazfugeu
(Sireeratawong et al., 2016) u@nmnﬁlwﬁiﬁﬁu standardized extract 724WINHVUA
85, 210 Uaz 500 my/kg iunan 3 wau linuanuduiigainnimneziiainimieaaiin
TinunisilasuulassesiBunmnisfivemng smindouazanden Seansainnsaiian
LDy, nLnaeeuy winiu 2.2 g/kg (Joshua Allan et al., 2007)
szthu toxicity Lﬁmﬁu serious, non-serious adverse events Way frequency lad
W1l case report ‘ﬁl,mmﬁ\i adverse events WAz lWLsMeNN liver and kidney toxicity
annn1sAnUsziiuanilasnsie phase | °Lumm@ﬁﬂsqwnwwﬁﬁ'?uﬂizmu

] ar

BacoMind™ 300 mg Rimsiariiiunu 15 51 uazsiaiiaeiaeinm 450 mg @n 15 54 Uangdn

[
= o

lainy adverse effects LNy hematological parameter, biochemical parameter 30
electrocardiographic parameters WANLIE91ULI4 Auafueinisldaunaiesdnies
(mild gastrointestinal disturbances) A1nNa12143A7 2 918 AnseTulsEn U BacoMi_ndTM
217m 300 mg WA BNE14NAT 1 918 AeurFuLlseniu BacoMind™ 1341m 450 mg %QLﬂusﬁ
laitlszgadeanannnis@nen (Pravina et al., 2007)

NaresNsL AR liver enzyme P450 WU S el Fasfiuansdn dlarleu
ansanalentdaasnwsndaunn 31 mgkg/day #u 1 dlaf Tunynaaes duannlinag
N9UBRY cytochrome P450 3A (CYP3A) AfUAAAY 2 19N Lﬁ@L‘IﬁHULﬁHUﬁUﬂQ‘NﬂQU@N
ﬁ\‘)‘l%utl’] carbamazepine WAz digoxin ﬁgﬂ metabolised Aatl CYP3A azdnas M ldA area
under the plasma concentration-time curve (AUC) ?J’ﬂ\‘iimgl\‘}%u (Singh et al., 2013)

5.5 MeAnEvNaAUAREN busyws (clinical study) NN BADRINLNTNA

maAne luseeliaensAnEULL meta-analysis T ifudnnsfudssnunweniido
NN IEEUFIazANAT (Kongkeaw et al., 2014) WasuilssnunsulTiaarunm 300 mg

w1 12 dland inauan luengnadasgunmaent 18-60 I (Stough et al,, 2001; 2008) way
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wanfidaalunsanandesalul 7 Ihiluetwilueraadasgunimiaeng 35-60 1 (Roodenrys
etal., 2002) waziilefutlssniunsuiaunn 320 mg tuufuwauluman 2 Falug 1y
mwmmmiuﬂwmwgﬁ@yj@ (repetition performance) ‘lummmﬁmqmmwﬁma 18-56 11
(Downey et al., 2013) N1sAnu1 TuanaalAsgUNIWAZIBE 55 Bl wudnilesidsznu
Wandaum 300 mg WK 12 &ulansd YAy (Raghav et al., 2006; Barbhaiya et al.,
2008; Calabrese et al., 2008) HaN1TANENGEAARAINLNANTANENU sy ANEN N BInTNE Tu
a1anddAsagNINNdn 55 1 411491 60 AU LLﬂﬁLﬂuﬂfé}:Nﬁ‘lﬁﬂ’ma’ﬂﬂ (placebo) LasNARN W]
I na NI RaiadAeee GPO 911A 300 LAz 600 mg Aeduiiluiaan 3 haw Widn
HA mﬁmmﬂzﬁummswwﬁLﬁ'u@mmw%ﬁ AlneRalssAnsnInnemassia Wamsitusasieds
A s iinpamanansaluneBaudiazanudn aarsainsduedn taeliwuenisfis
WATNNzIaAEN A 7 (Peth-Nui et al., 2012) WanH€ 'fm@mmmmm‘ﬁ%ﬂuﬁn (Kean et al.,
2015) NN wsuﬁﬁhLﬁummﬂiﬂuéﬂqﬂmmmLg@mﬁmﬁa‘kﬁm@{ (Downey, 2013) UAY

WnA AN lugiseninnaginniian (Singh, 1980)

5.6 nMsAnEANMNlaanAELAzgnEUIaIgnusian (Morus alba fruit; Mulberry)
1 'Y i d o &1 B o 1

wilay viva ales® (Mulberry) HaednanA1ansin Morus alba Linn. Anagluaed
Moraceae a13arinaingnudauiiuauivlaaniiu (anthocyanins) iuarsdadynaniu
Bunnigs matsziivanulsendalagdneaaauiie (toxicity) 1esgnusiau ilalviny
Auansaingnusianaunn 40, 200, 1000 mg/kg Anaaiuu 90 41 wudalaivinlinymns

4 o 1 =R & = 90/ 1 tdl o

viaiinenislifedszaed diunmnisuslnaeimisuasinliasuulas uazanraingn

¥
as ] °

wilaueliTnasauminsany saumalinunadufin (toxic effect) Aaminadaavnialu
Ardqiaiannidenuaziiadnay (Chang et al, 2016) uanannid lunytuinaiu
| (streptozotocin-induced diabetic mice) Ntfauansaringnudou (200 mg/kg) w2 duansi
=i %; e . dl = o '

finaantinanaluiden (fasting blood glucose) WalilFaunaufuugLIMIUNgUAILIAN
(diabetic control group) uazinlFianladFiueyyadass lusuinau laun superoxide
dismutase (SOD), catalase (CAT) uag glutathione peroxidase (GSH-Px) #138ingnusiau

=K =

983 antidiabetic ua¥ antioxidant activities (Wang et al., 2013) [uLRLa LA RLEN
anngnuaiau (M. alba fruit fraction) fignasuniaziimauazlasiuludengs Wetdeuniu
7 §and TunyRmilanvh i unayladiuge Jiao et al, 2017) uananil lunyia

nzuaenldanuAtLds (atherosclerotic rat) ilatfauansanagnisen (210 mg/kg) W1u 6
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Fda1w wudnszduladuluidaen (serum lipid profile) amas éln total cholesterol,
triglyceride wae LDL-cholesterol levels Lmzsﬁmmwmm (intima-media thickness) 184
MADAEBALAY aorta FaT mmﬁm@,nmi@u%qﬁqwé anti-atherosclerotic properties (Jiang
etal., 2017)

nYsfiugnusiaung 2, 10 uaz 50 mg/kg new 7 uuaz 21 41 Tuuymudsannyin il
NITNABALABAANBIGARIL (occlusion of right middle cerebral artery) yin LA R

Lﬁmﬂ?muLﬁﬂuﬁm@juﬁluiﬁﬁuqnm@u wasfafinsuanigadlszdan (densities of
neuron, cholinergic neuron, Bel-2-immunopositive neuron) {azam oxidative stress Tuanas
@91 hippocampus. %\?’ﬂ‘léﬁ’]‘lﬂﬁd’l@ﬂﬁﬂ@mﬂlm cholinergic function Ltﬂzﬁqwéﬂnﬂﬂq IAR
1l92@7n (neuroprotective effect) Haunalnnisam oxidative stress WANITAIEUDILIAR

(apoptosis) (Kaewkaen et al., 2012)

5.7 Parameters #n49 ¢ tAgafufasnlszAnins wazanulaandarauiwsuiiaia
LN
5.7.1 nngugziiumNan

wunsdszilnyzadnaanuan (memory) Lag AnnuEelavEagIEande (attention)
Wedssifiungaoensuiidenanusi s o duii141un15%1971 (working memory) 184
ananasns seazitlanali 4 domain Téun (Peth-Nui et al., 2012)

Domain 1: Power of attention #aneifig wzﬁ"ammr;%ﬂ@ |

Domain 2: Continuity of attention WU M'lwimﬁ@m\amwé?\i%

‘Domain 3: Quality of memory PERITAN @mmwmmmwriﬁ

Domain 4: Speed of memory NUNEDN AMNISITBIAINAN

Uszifiuaannan tneldTdsunsn cognitive computerized battery test el&50ns
aylAsIzhann 3d.n5. AUANININ] TMUET NIATTIETIINGY AIZUNNEAERT
UUINLNRLUBLUNU cognition test Usznausiae 7 task taun (Peth-Nui et al., 2012)

nsszifiuanansse s dudinivg ”u%’@yj@ﬁugmmmwwﬁ ol

Kongkeaw et al. (2014) ¥inn1saims1esfaiinnu (meta-analysis) ANMINAIR441947TA
wrnfisandnuan lunyeasannisfudssnauasatansudiduinan 12 ddansf luud

UsANTnInaedasaiansuiise working memory WulLANNTANEIATN Stought et al.
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(2008) waz Peth-Nui et al. (2012) WaASNANITAN working memory MiigafuANmalaan
A8 WanaAINN1TaNANL8Y choice reaction time agnglafimu annisaAziAdadAny
neadAnuInenRldinalAin working memory MABafy picture recognition, numeric
working memory, word recognition L1 faiiunisAnHiReiaIn st UNan1IM ARD
FANATD
5.7.2 nsluaraddaanlunaaniaantidiamiaa (Carotid blood flow)
o = 4 A 4 | , ]

mmmmﬂ‘waLfmum@mwmm@@mmﬂummwmm (carotid artery) Faudunann
dandrAtyiunaananilaliidesanassaaiates vascular Doppler ultrasound (11357
dassdaifiasanidumalagldgnardalilusanie (non-invasive technology) Anemdnnas

4 N / N - ST ) o d .
ARULAENAZTaUNALAINNNINIENLIALReATINIAILAAa T aE TUARALA DATIATNI TN HINN
o = =4 -:} c?l’ =1 < <4 e; v o
AuIUNIT A REReaT I assanasainauFaaudnidanhdsfaunduannnav
o v ar o = 4 < dl al d?l t

spectral waveform NN 1F&1N1T09AIYALNNIALIBINARALADAAINAINITINIANTY LA
waamdaazegfaAzyinlipNFIanas sauidianunInissduuaanine ALASYARUAIN
n1azvaanldenlaaldy (atherosclerotic plague) WazAaNi@asraslsaduasannLaan

(ischemic stroke) (Lee W., 2014)

%
o

nstlsziiunislnaraaaan lunaanlaantF A AURUSILTaLAN LT U DINTHR

af 49

She

2K

WINNHNBLAN memory Uaz attention KATHIILITUNUTINITANTULA carotid

intima media thickness HAMNANAUSAUNI98AAIUD4 attention (Cohen et al., 2009) F481
e \ \ a & A A & = ,

carotid intima media thickness [ANZY N1711AT0ADANNAAALADALTIIUABUIALAAAY

farfi N1eAN IR WAANHATEINNTSULTE NN TN AaNT A Ted AR AN AR ALRAALITII0

A F9UNAZIPNNANRUSTUNAIININAARAINAN

5.7.3 msilasuutlasrainisivarasfantdinnimanainniag reactive hyperemia

n1rdanTsidReuula99e9 blood flow LT ALUUAINANRY reactive hyperemia

o o v 9y A A A , = . ) ) )
nasanIauaudauLuna cuff lneldipTasilea Aa peri-med 1%8 real-time microcirculation
imaging peri-cam PSI system fgnu1sauaaaiuninasiauliiiuienisivadauiaen

) v -4 = o e a el af ' .
(blood perfu3|on) ﬂ’]ﬂ@'ﬂﬂL@@ﬁllﬂ’]ﬁ“Vl’N’]u‘Vlﬂ"ﬂﬁLﬂﬁﬂﬁ‘qﬂQﬂ’]?ﬂAVlL?ﬂﬂ’)’] reactive

LA = o~ & o A o ve A o
hyperemia TauNN8DIN19WNTWLRY blood flow wuLdIAT1ieadensldsuiRenudzedn

ATINAIANNNUIARBA (ischemia) IABNTTFALUUAILLUIE cuff TR0 HIBYRINNNISALYL
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danuuazyinliidaideuTioniiniasuniianin: hypoxia 3«1?3&?14113’1,611@@‘%‘%\3 local
metabolites WAy waste product 99D nitric oxide %W@%ﬁ@’m endothelium vinl¥uaaniaan
Winniunsefudaiinaliin blood flow (neasnnoyaud giine, 2559)
f1maa endothelium W@evneg wialinn1ae endothelial dysfunction azdeualinig
W&31949 endothelial vasodilators Taglannz nitric oxide 8A&9 WNSANTTIMATEUABAIN
N1Mg reactive hyperemia aznun1ranaseansinateddenlinFoidn Favhs nna¥anng
lyaredidenaInn1ng reactive hyperemia ?N‘Li\‘l?; endothelial function 16
nsdsziinnisiuarediden lunasnldanLFioniuaLaINN9Y reactive hyperemia
ﬁmﬁuﬁﬁu%gaﬁuﬁmmmwmﬁ i
NI7AARILBINIT IMATBUAARNNTE reactive hypereamia WS aaiie
AUAARNLAY cognitive function uaznulnnaitesaNasinalng (Cohen et al., 2009) Az
S msnaiinglniiieadesiunisaanafazemaaniden Inenszdunmdsans nitric
oxide anwas endothelium (Kamkaew et al., 2011) et nesulszmunsiaeanaLiin
N1swad nitric oxide uavanadenainnslnaraddenluning reactive hypereamia 814
AuriusTunaasnsn IRt eana
5.7.4 A16N9 ¢ hLaan (blood biochemistry)
Markers TMNTN1391971399 endothelium fivaeni@an laun
(i} I-CAM1 waz V-CAM1
Soluble intercellular adhesion molecule-1 (I-CAM1) a < vascular cell
adhesion molecule-1 (V-CAM1) duldsiuRsuiufaaad (cell surface binding
protein) wsig msan U LAl plasma Tuguuy circulating form 1-CAM1 1w serum
auifindulunasitiaeudenieaeamas endothelium waznIzLAUANTSNIAL
wana Ny SanunsugnIaantes V-CAM1 lu endothelial cell szwinaniaifianis |
Fnuan Taadl ROS Wuswilanti (Lawson & Wolf, 2009; Cook-Mills et al., 2011)
n19Useidiu I-CAM1 waz V-CAM1 duiusiu ”@yjaﬁ?ugf]ummwmﬁ il
maz@wﬁmmmmmﬁmwmﬁﬁqw‘éﬁ’hu@%@%mz waziialszAnaninnig
yensmeteulnidlunissdnayyadast luaueay (Anbarasi et al., 2006; Jyofi
o

and Sharma, 2006) Rsilgniaanisdniay wazwesnldnnaanniaiin ROS nalu

aalszam (Limpeanchob et al., 2008) Aarimnnnsnaiunsnan ROS Ta a9
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4281145 endothelial function ATU @9LNTAINN1IAARILBS I-CAMT WAz V-CAM1 1

R9A LaZUNRTANRUS LA NAN AN

b

(i) Asymmetric dimethylarginine (ADMA)

ADMA L1 analogue 184 L-arginine Lﬁm?}”umﬂmzmumaf metabolism
s st Ruaznylunssualden Fan1sifinduaes ADMA avdudensaing nitric
oxide A4l marker fitlauands endothelial dysfunction (Sibal et al., 2010) ADMA
TaflunLmse onset WA progression T84N19% dementia 19N 3ANEIMITTLA
N8 (epidemiological study) WLAMNENAUTIENIN72AL ADMA iU cognitive
impairment (pAsif et al., 2013) LAZEANLINNSAN99 ADMA 1 plasma 1831lae

19A Alzheimer (Arlt et al., 2008)

1% 2
<4 = =

nsusziiin ADMA duiusiudayaiugiueeansuld Asil
1% o0 a' o LA dI o o &
nssutsemunsufidanaiinaanuan ludialsnanesdonsiinda lawes
(Downey, 2013) Fariun sfULsenunsuiiReanaazdaeliiy endothelial function
LAZUNRZARTZAL ADMA TUNILLALADA BLAZANRAAUWUFALIN AN UIBIAIINAN

(i) Markers fUs@ANUaaadzaasaddns Taun

$18NNSA5A AnG WU AMNUNILUDINISASIA

FBS 70-100 mg/dl Anaaa luAeaRe AN ALY
HbA. . 4.66.2 % AT AIBIRALATAN

Total cholesterol ©150-200 mg/d Agannszeu losilaladinasansan
Triglyceride 30-150 mg/dl p3vannszaUladilnenaalss
HDL-cholesterol 45-65 mg/dl navnsesulusiulaladinesen 1iaR
LDL- cholesterol <130 mg/dl psaunszavlusiulananases 1lngasi
duaen ‘

Calcium 8.8-10.6 mg/d| AauLFunnAsdanluaes

Total protein 6.0-8.0 g/dl AgalsAusI

Albumin 3.8-5.5 g/dl msaalilshudayiiv

Globulin 2.3-3.5 g/dl meaalsmnlnayau

Total blilirubin 0.2-1.2 mg/d| AIVANIUALUNA
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Direct bilirubin 0-0.15 mg/d| AIIANLALLNG

AST (SGOT) 0-33  units FTIANIINN U BFL

ALT (SGPT) 3-35  units FI3YANIIN U B AL

ALP 25-90 1.U. ASIAMST LB ALIAZ AU

BUN 8-23 mg/d| psaasziuandeludenitagnisyinausasls
Creatinine 0.4-1.4 mg/d panasziutendaluidenilagnimineu
20416

AnAuTaTA Lasdnsanisiuaesinla tauenivadnnlaeniaaasanananasiie
IFFiwanfiafnduduluszezenn Tnadanuiulafinuiion brachial artery dntiAzedin
AHAL validated automated sphygmomanometer Tuvinianasanniwnnaunisdaiuman

5 117 (Calabrese et al., 2008)

6. IngUsvasA/aunmg1un15IAe (Research Questions/Objectives/Hypothesis)
6.1 WA UsraArean TNt
(1) WeAnE W Fau Ty andua (efficacy) FaTLNT AT A LN
uaen (placebo) Waliiuusemuluszaranaluenaadnsgunmageens Lazians
pNdNTusIelsr ANEnaTesnIN I s parameters #ing ] Tl
(i) AINA" (memory)
(ii) m‘ﬂmﬁﬂuiaﬁmﬁm@mﬁ@mLLmu?mmm (carotid blood flow)
(ii) mﬂﬂz‘éauuﬂmmm blood flow LFWNUUUINNIL reactive hyperemia
(iv) AR °] Twiaen (blood biochemistry) l&un (i) markers ‘ﬁﬁxﬁ%ﬂ’]?
¥in91um89 endothelium fivaanizen Wur soluble I-CAM1, V-CAM1
waz Asymmetric dimethylarginine (ADMA)

(2) aAnHANLaanie (safety) BaresdmsuRanadudi Walidudseniuly

k3
o &

a‘mzmﬂummaﬁﬂmmmwﬁzgﬁmﬂq F9ANMIAIN parameters Hadd
() Andadlwden 1Aun FBS, HbA. ., lipid level, calcium level, AMAL liver
function test, uazAlm BUN WAy creatinine

(i) A uAUladin (blood pressure) WAsERINITAWIDIIA 1A (heart rate)
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(ii) nsmmaTlaazuszgaanssie ldkdayanuaiumsvinmirfiaadls

MRl unnmesans metabolites WA TANATYTRINAR ANIHT
L dil 1 ey o 9 =y czll )| <] &

Wiy waziedne lunMiladenadnameei lifelszan

s

7. AdAty (Keywords)

o

weud (Brahmi), WnsuAanadudu (Brahmi concentrated essence), AYINAN

(memory), N7 azesAanvaendaALBIInIAR (carotid blood flow)

8. sziiigLAnn199a8 (Research Methodology)

8.1 gluuunnsiae (research design) svydniiiu

N9 8LTIAININ (qualitative research) NARIN (clinical trial) TWananadasidn
nquaeRtgu Insutseraradasudiady 2 ngu LAun nga 1 (treatment group) @1anasins
I¥suimandaradudu (sznausiag Brahmi extract 300 mg) WazNgH 2 (control group; NG
AvUAN) anaasiAsliEu placebo g Ra A v‘iflmiﬁnm%mmnq'uﬁ@lmmuﬁ“u
wasfinnsdniaginguifaananainsuaziindqe (randomized, double-blind, parallel

groups design)

Outcomes
- Primary outcome Af T A T Lt
- Secondary outcome el
(1 Nmﬁlu carotid blood flow
(2) Nmﬁu blood flow a1NN19¢ reactive hyperemia ILATHNAUD
endothelium markers Y@ ANIABATLEN15¥N 1184 endothelium
1‘7;‘1/1 AeALABA LALLM soluble -CAMT, V-CAMT LA Asymmetric
dimethylarginine (ADMA)
(3) HamUAN FBS, lipid profile, HbA,;, WAz calcium levels
(4) HamILAN blood pressure
8.2 1szansd 4 lumsinm

ANenN (definition) Aa4A191 “@d@aNAs” TunisAnuEnil
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angngsias lunsiniil fe aranaiasiiil eng s5-80 1 uazliugiadman
Tapaneadon aduiasn Teasy Tealn lealmanu lsanzide sAraenidendues (stroke)
Tenanaiiutafings viiannzlufiluiengeitldsuaitentssnem
«zimmamsmmmaﬁ'ﬂﬁtﬁ@mﬁgjnszmums screening fail
- thaussanduiuTissnaneluamnAanandumsdas SR LAY I,
an. Sandnieoian
- lulsrndszan dunuslaseanisuuuesulal (online)
- ﬁn"iﬂ?ﬂmﬁuﬁmmmﬂﬁm‘lwgwu Jandnisnylan
1. thetssandnfuisznasnne luumdnendausms SSmenua uas w.ae.

o

sendpienglan uavdsznaddssanduiusiassnsuuuasled Taanssuounig Aagisufn

Y o

thelssniansvyuaziten Anianifuesananadns uasiuesinednifinseiindde 1la
andaArdulaidnsanInsanIsandaiaras InsAniiid n e un1NIinAE WNIAaT LAY
inclusion criteria eaziaalnsanisaadaal eaanadnsauladndulasnisasasiin
Waa1adPsuIwui Cos-Nat tiaduasssasiaenlansanisinaazidan asunssslaniiay
ANIREN 98N139498 sauDainlanalienanasinrdeunin antuasraliananalasas
d‘ & as L]

w1l consent taidngnszuaunisdnnsaslasunnedsiali

2. UnAdaasRunuIeIaaips lugnaw Aandafisnglan taunszuaunis Aetind4y

¥ ode 2 D 4 . w o

AAUNTABIETNAIN TN. 40, VDIUARLANUA T9ariszdauaapludatuanlulFaanng

1
=

Uszandiius wssindsuidnlimenanasinslaedinissenionuainyaraivug

8.4 \NRUINISARLAN (Inclusion Criteria)
aranatsnignansadsaalasansidtasAesiinnan il
(1) Hang 55-80 1
(2) Fomilng
(3) #7M170W9 811 wazidsuni nele
(4) angnasirsziaasaneiiedellufugen daenougsingla
(5) aunnsAnn ldsnndntsyondnunii 4

8.5 INUNN1SARDAN (Exclusion Criteria)

[ %

anaasnIiazAnaan wialuanursadrdanlasenisde feil

(1) Aepssrivzanias iuuyas ¥EenN9urLAsRIATss
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=y e 1

(2) Sutlszmuenviasnayulnsiinasessuuilszam SaunneTeoamnyiiadadnaz

SUNIUHANNIANHINIIARTINT

(3) zmumt,ﬂuﬂaézm mﬂﬁuw‘?‘ﬁmfmmmnd’] 10 NIUFRL
4 .

@ Fsunsitiadeanunnefdantiaduiulzadninm
CR 4
¢l

&
t
Lol J

LﬁﬂQﬁWmQWNﬂWQ”ﬂN@\‘iLﬁ@N sziiuannuuunagay

o

(5) Tasunisiasaanunmne
mmwamuuwu@ﬁummhﬂ Mini-Mental State Examination: Thai version
(MMSE-Thai 2002) (30 TAURIAZ LU ANNLBNA1TUUL MMSE-Thai 2002)

=y . '

sengUnABausugIndnsyAulsznnAng qasnazutu S25 Ded1iniog mild

2

cognitive impairment (MCI)
(6) NAINENENaALNMIN
(7) asunisifiadaanunneiTonaaydninnginiai dssiivainuuudnaos
%NLﬂ%”ﬂu%d@mmmiwa Thai Geriatric Depession Scale (TGDS) (\nedwinag
= a [ ar =8 v g
AlafEI0IAZIUY ANIBNATTIUL UL AANTLASY Tudgeengaasine)

@) Wulsasu Tealn Teaumau sanzise lsanaaniaananes (stroke) lsARNNAY
Tatings vienazlasiuludangalasuaienissnun Geldsunisifiadaanunne
JidieamnnyannisdnisedRgilae

8.6 LNAFINISHNANANANATABNANNNITVIAARY (Withdrawal of Participant criteria)

(1) AIAIIALUIEMININTTRNHARY
2) IAsuandnunlspvasayuinsniinasanisinenaesssuylszamssndnenig
<8 = e
ANHIRY

Lk’ A 1 = 1 aas

(3) 5unisifiaduannunnediiduatyandulsrdannnszudnamsfnenide

@1 mmmuﬁmﬂmnLwaﬁt’nmﬂmmdqLﬂu‘ia‘mumL‘zﬁmmwdwmiﬁﬂwﬁﬁﬂ

(5) ldlipnsanilalunisiudszniuansadn n19in virenismaasenie

(6) A '1ma‘ﬁﬁmummﬁwﬁ@@im@]ﬁuﬂdﬂﬂ"ani?l TuszniensAnmdde naape
AST (SGOT) >33 units
ALT (SGPT)  >35 units
Creatinine >1.4 mg/dl
(7) dszauguimmgauliannsadidunisdnmseluls

(8) Ng1ANATIRLNANNNTENTINNIINAREY
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° as

(9) Tuszninaiisiiunimaans fAdeRansandianaasinainainisdimesdulii
sy aeAienss (SAE) dufinannisdnansneivizesn
8.7 anﬁﬁms‘ﬁga‘iﬂ‘mmi (Termination Criteria)
ar Yo 14 L) e = <4 o o =
ananasinsazlasunisfesae iy Alnsanisidt lunsil Sponsor 1se (348 BNLAN

{AT9NIINITIRE

9. A8n19ANMIIRE (intervention)
nefneiselazenis “warasinsudasadudusencusn nislwazeadeniu
waaaldanaNadLATIaanidendrulantaasgeeggunini” iduntsAnelssdyanates
mﬁ’uﬂ?zmuwmﬁﬁmﬁmL%’uﬁ’uiummm&’ngmmwﬁzgqmq TaantsAnuduuuy
randomized, double-blind, parallel groups design
Tunnsfninil MHenanastasia eng ss-e0 1 A bidudiheAninm lnauesden Tsa
Fuad ey 9l Teanuanu lsanzise Tsavianndananed (stroke) lapAnnauiaiin
g9 uaznzluiubudangedldsunianisinm
dasnamsmenanddianitedngnaziaunis screening léur fhenlazandniusy
Usznannaluumianedasens Taanenung uaz sw.as. Aaninfznlan uaziniden
ﬁuﬁmmmﬂﬁﬂﬂuqmu Aaudaienian
FAfezasnefeingsaeireens et szaznaninel 33n1934l Sunmenize
AReeTenaifisau uaztlsslemiannmsids suadalanaliendnainsdnasdesds
Aaufiazasioduaanidnsonlnsnside ndeanenatadpsasunnlinaudusemdiioy
Tazann334elu informed consent form AaaAanuasiAslalan |
N1998 consent Ay nausLaNa@IAdNI3 screening NsAALAANANANANTATANY
ineueiszyIasAnfiunistnaunndanlasns faiinadnsanazsuineranaianidie
screening K11 uasvnn lsinunng screening Fandn screening failure
n13ARNsaeNd@NddAs (screening) a1anasiasaz lALINLsLIRUNARN e
N9RANTaY AH)
4 LLUU@@UHWN?’J’@H@%VL‘LJ (personal general information questionnaire)
v LUUgaUDINNNIenNsunme (medical health questionnaire)
4 LLUUV]M@U@JV}W@N@\‘]Lﬁ@dﬁu@ﬁhﬂ’]ﬁ’\‘l%ﬂ Mini-Mental State Examination: Thai

version (MMSE-Thai 2002) (ﬁgmﬁmﬂumﬂmm ANLBNRATTULL MMSE-Thai 2002)
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v udapaudaainluggeentaeslng Thai Geriatric Depression Scale (TGDS) (o]
MIATREUDIAZILY AULENENTUUL WLTRA KT g eanyaadine)

18 screening HNUUAY 21dNddATATFRIRUMNNN I AIZANENANaRTINTUWNE LAz
ANTILATENEN81 U HARTTUITE91 TR (CosNat) NUNINENREULIANT IANNA 6 ATY
aranadnsazlAFunisusziiinan parameters i 9 1 run-in period wag treatment period i
&awif 0, 4, 8 WaY 12 ANAAL UAZHNTARMNNA (follow up) iunsuszilniuniagaving
(delay) nasan@ugadilanii 12 luuds 4 dlansi
AS9% 1 Placebo run-in period:

NAIAINBIANATATHIUNILLIUNNAANTBILAR a1dndlasas lAsun1sfesanldan
c!l d' 1 b2 nI/ 1 - <] az o &
ANUITIABINNT LATEIAN at19tiae 10-12 42 Tud NaUAUNNUIDINANEINENANANT
nsunel uazANuNNIReanandsins Al
o v o i % ¥ < d‘ 17 i’/ -ﬂ‘ £ I:JI
(1) anaradaslasunisfasralifiiugaanszanitnu aandwilennanany
FnenAansnmsunnel angnaipazldiunsdnnuiulafinuniein wazianzidantlszunn 1
Fauliz (Wsrnnod 15 Jadans) Tnasinmatianisunng (I syringe U1 20 ml, A71491 1
, @ | 4 e = 2 o & A
syringe) waruaiiuTagaz sennrenazgnulaiadamadnlzedaan Al () 1wen 10 ml
\Wadn FBS, lipid profile, HbA,, calcium, LFT, BUN and creatinine (1uaauiinazvinlagiin
= e - A o p '
WMATIANTTUANED Az (i) 1AeA 5 ml Wiedm endothelium markers 1AuA soluble I-CAM1, V-
CAM1, uaz ADMA Tagilf assay kits (Tuneuiingznineindse Annzanandansnisunwng]
=y o dl - I = <A & = A
UMRNENAEIAI) UazIAedAIZ bacopa Tuiaes wreesAlsznaunisiadluinaen Tat
26.A7.NTNUN B9ATTT @Enaifiusaaeedadng muenansuuuasnisiufet9Tadng)
2) pr@adasazlasunisdsziluaeauan working memory taaldidsunsu
computerized cognitive battery test @9tszananalaeaaufioines uazdsziiuaauannae
wuLmAgal MMSE-Thai 2002 Tneuwngddsautazans AanusAnendannisunmnel
andnasirsnauazladsusnuaan Geldounandugnusien uazgasian e
Futlsznalugng run-in period ¥98u 2 dilan Tnalulsiazduandnadmsazsudseniuduay
1990 1 Afsludaaan IndiReeiugemndi nasemisd vl snanadasazliiunisies

=] d‘v o/ =

galhiufinnissudsznuamaaniluudasduluagmiuin (diary) Mindsuwseuldly uay

1
y

TaanadiasfuanmudafsuLlsenumuaudatinunAviadugn run-in period (2 #anif)
L]
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L4

dselemias run-in period annsAnEni Ae () telunsdnnsesenanainadn
a1nnranszn UL ulamnNauou i waviasa Tt ivunnaaavsnnsAnE g (i) e
Fumafnnanulaesseidiesdudeeinisdulifeszassaeseanainslunng
Surlszmaugnvaen uas (i) e lildAdaniias@en el baseline 2 A

¥
as

ASaT 2 Treatment period &l 0
Treatment period Aa °n'q<1@wmmﬁmmmﬁﬂﬁuﬂa*zmuiqwmﬁ@ﬁmiwﬂ’u
wedu 12 danf Tneagzdn parameters #4 7 ludtlnsif 0 1w baseline waz &ilnn9i 4, 8,
WA 12 ANAIAL
U treatment period #Um19f 0 (baseline) andnadasazlasunisfasaalianaivigm
W Wiadin atnadag 10-12 dTue dewdunenidianeAneAansniswane nazyin
e luass 1 un-in period -1 (1) tazAHLNIFaaNd18TA9 il
(1) mmmﬁmnnﬂu%’lﬁé’um?mumumm@ﬁu’hiﬁ@ﬂﬁ‘:&qm‘mnmﬁuﬂa‘xmu
placebo 11 placebo run-in period wazdnANAUTaRRL LN finnAnenAansnsunme
(2) pdndsTrsa lasunisaianziaen ulagnzuazgaansy mzﬁwﬁwﬁmﬁ’mé&qﬁ 1
run-in period -4 (1) AAnuANenAansnsLne
(3) ananasinsarlasunisdsziliuaaiuan working memory IneldTdsunsu
computerized cognitive battery test Fatlszananalagnaufinmes uaztlszifiuaninandae
WLLMAAAL MMSE-Thai 2002 finnuzanendnaasnisunme
(4) nslnaielafinfinannaenuaionne sifiuf Cos-Nat Tagiananseisasn
ufnamniia RansAnendngasnsunmer
(5) mz@'mﬁm%iﬁ%’um‘if?ﬂnfmﬂﬁ'amtﬂmmmmﬂvxmmLﬁ@mu?mmumumn
N1Ne reactive hyperemia ﬁvCosNat Tmﬂu’mmdiﬂ? AR LL@:’,‘?ﬂ.m’a‘.n?@\‘m'\fy@ﬂ ﬁwm‘rﬁ'
Cosnat ‘
AT andngasazlfdfunsdu Tnadsnisquinatrquuungudas (block
randomization) 5@ block of four uthiflu 2 ngN nasaz 20 A leun
(1) Ny Brahmi treatment angnadrsaglgiuimendaindudu e sutlsenag
Fedu 12 flaw Tagluusazduenanadnsasfullssniuiuas 1290 1 a¥alugasingn

IndlAasfuaeendu ndsenmadn Tawsuflihainiduduldaunansasansaiansud gn

way (mulberry) wazgaaiag (sucralose a7 A unun I i aann)
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(2) Ngu Placebo control ananasiasaylafuevaan e sudsemauadn 12
Aoyl Ine luusazduaaradasaziudseniuduas 1990 1 afalutaaan Indideeiuses
NN ndae s ﬁﬁmwmnﬂ?zﬂ@uﬁwqﬂm@u uazgamlag Tngemaenaz1iid nau
‘mmﬁmnﬁ@zﬁ“uﬁmﬂimﬁmﬁuﬁﬂwmﬁmﬁ“m%’m’fummu@,nmiﬂu wrznuaan lLAnanianIg
fnela
adnainsaz la5U Brahmi essence ¥39 placebo lUfudseniuiiluingn 4 dilanvl
d1u9t 28 TAFaAL 11T andnaTnsazldsumafasaeliufinnn s ssmuineniiann
dudwitaswaanluwsszduluayaiuiin (diary) FmAsusEen iR uazlananasiaaiu

gaalanTisusznunuaudninun Al treatment period d1lavin 4

ASeR 3 Treatment period @1lAn9A 4

agnadnsaslAsunedn () A& (i) nsliaBelafinfvaanidenuasiioning
wae (i) sl asuutlasuas blood flow LanMauaNNAN9E reactive hyperemia LAz (iv)
AnNAUlain

ananaiasaz 135U Brahmi essence %@ placebo li5utlseniudn 4 §Uanif a1y
28 sansenn 18 TR fULlssn i fianaduduieswaen uazifiuganilandy

U treatment period dla3 8

3

ASaR 4 Treatment period §1m14i 8

duieatuasd 3 enanadasald5unnssa () Aawan Gi) melnadeulafinfivasn
VAaALALILaUAD (i) n1silagunlasaed blood flow U39 0LIUAINNN9E reactive
hyperemia Way (iv) Anuiuiaiin

angnasinsald5u Brahmi essence %38 placebo Tfutlszniudn 4 dilanaf auau
28 U7AFDAL seliuiinnssudssnuinwandadadudurtasaen wazifutaawai
1 treatment period Alawi 12 (treatment period &Uaignving)
AS4T 5 Treatment period @9 12

Lﬁ@éuqmﬁﬂmﬁﬁﬁ 12 arandsinsyAnnsunlsemunanivise placebo uazananasing

Al 25Unn9¥a91a AN ABINNT 1ATRRAN atneae 10-12 Falue AeuAUNIeNN TR
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¥
'Y

AREANENANARTINTUANE navvindeniuluAsaR 1 run-in period 4@ (1) wazaAniiunigsia
pANRTAT Al
(1) ananddasnnauazlAfunisseunineanisduliialsrasdainnisiudseniu

NARSTU LazsapNsulatRunIZAn DA AN ANgRFNNTUWNE

(2) stz giunsianziien iulaanazuazgaanss nesinduiBaiAKd 1
run-in period -4 (1) AREANENANgRF U

(2) sgnasinsazlasunnsim (i) maanan (i) nsluaBeulafinivaeniaanuasfion
AB (i) mmﬂz’?ﬁuuﬂawm blood flow UFLIMUUAWAINNI2Y reactive hyperemia WAL (iv)

ANALIATR

ananddAsazugafuLlszny Brahmi essence 138 placebo waraaliintiufinnng

o & as 3

SUlsenuinwenianaduduisasuaanAwinds wavifuanailanmu

AF39 6 Follow up period
wdaNANgAIzez treatment Tudilank 12 ananadpsazlifuntsiinnuna aauony

onesulifarlszacd Wan 4 dlaimasanduganisiutszninendl uazaniiuniasie
andnddng el ananailasarldsunisdn (i) Anusn (i) nslunaiiaulainfivaenidanie

- 4 . { .
ysiatuma (i) niasRilasaad blood flow LT LAUAINNNIY reactive hyperemia LAY
(iv) ANAUlaNiA

inAdenile (break) sWaiisyunguaasananadng (code) liediasziiTauifiauna

N1INAREY LAZIHBAUGANIIANEA

NITALA LL@SFZ/N ATRIANEIANAT ﬁ\‘]ﬁ

- eranssinsazlAFunisszidiu adverse events Tunnassniinsind 0, 4, 8, 12, 16

week (F/U) einiu screening §RAesv1) adverse events T diary 78sananadas Tneluuu

14
= A ]

o R ° o e ) n; o dl et dl a éj
uuwnmm'\fmlumma‘m AMNTNNALUARBIRIANAT AND FILASIBUANINALTU NNT

4
=L &

iannraasenanadnsAaainisfitiniu uazsrydeadnn “wineansbinaunzefieusaly

o =

LYWL

=)

v
o

1 o~ 2
AsaNR
Adtaymsanisspssiidtivanaadnmmdg unstiiseluil

1Y

dd‘ o =~ o e o b a0 ge o 9/t
1. mmmmmﬂumumqmﬂ\mﬂ?xmm@uu%ﬂuﬂﬂm AN gazAn iHNIATIaNIT

AaATIANBULAZUAY (week 0 Uy week 16 F/U)
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o

ml::ll EZ [ ] 1 o = ' G
2. nriffAdadeunuaidnadasudgedndszanfeunnaniuiuvinluivie
Usranifeunnassgaaiielns wvanangradamdiretunaudifianuatszannounnl
= oY ey o [ el :J/ L] [
v 1 1 fadeazdn Winnsasaan1sfenssineuasal (week 0 Uas week 16 F/U)
¥ = = . - ad5 1
- fnuAuRAUNRaINRan1IATIA carotid blood flow kaTWUAINRALNRARWY 11w
' ) =4 e o/ = 3 =) i as < v ¢
AN dimesluden gadaaziinansnislunisaniiunissdeanatadns Aaarliunme
4 ) o’ d o/ -~ -y a
Jideaoydeuludaiaie lnllinwnudninisinm
o =y 1 o as ] ch:l Pl @ 1
- enanasirazgnilazifiuainisinasesiuues e yndesdimamiziaen i
(i) Run-in period week 0,
(ii) Treatment period week 0
(i) Treatment period week 12
v & > 4 \ \ o =4 v &
Wil nstansaanluasiusn Ae 1499 Run-in period week 0 B4 luMslanziaanAsail
andndiasdaldlAFulssniu placebo wia treatment o] Aeiu MaAdaRzANAIN1IYN9Y
Y dl s 1 I = g . . , di 3
SR Y wm-zg,qm’]mmmﬂnmiquwﬁnm v withdrawal criteria LHanLAN
AnUnAlugznINeAn 1199 Run-in period week 0 a9z 1¥a141457As withdraw aanann
[GENRE)
N12AIVAAINIINNIMTRIALLAL LR NvuaAUnG Al
AST (SGOT) 0-33 units
ALT (SGPT) 3-35 units

Creatinine 0.4-1.4 mg/dl

NNSNAdAL parameters N4 9 Aeazidan aesalildl
1. Cognition assessment

iunnstsvifiuniadnaanuan (memory) WavdnnBanaa (attention) INaLTZIUHNATDY
- . v . , v 4
wenR A Na sz N 14N sM1911 (working memory) 2898187450A7 T9azula
ua ey 4 domain taun power of attention, continuity of attention, quality of memory
wae speed of memory (Peth-Nui et al., 2012) Uszifiuaanuan Tneldlilsunss cognitive
‘computerized battery test %a"lﬁﬁ‘“umsmél,ﬂmzﬁmn 77,09, AUAUNNINI TRUST N1ATTN

399080 ALUZUNNEAIZRT NUNINLIREUDULAL
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2. Carotid blood flow

adnaasaslasunisdanisivanaulaiinfivaanidenunslug)Uisinnime (carotid

d’ 4 o o c:} o e o d” 12 d‘
artery) faillunasmidandAnyiindanainiialaliinasanssaniazas vascular Doppler
ultrasound FauluAsnlaanseiiasanilumaladldgnandaldusenie (non-invasive

9 o d‘ ) v s & <4 tz} o o d; dl 1

technology) Aemannisadwdedsiaunaiainnisnsenuidaldennnnasadaunag

el d' ° o = =Y zﬂl o A d’j 3
uaeAlAanTIg I in s e sulainidenllideanasainang
windennazyaunduatnnaw spectral waveform vinlanunsndnszaunsfLIeiaen

cda X e 3 v |

AEARINANNISTIARNTY uidvaendantentfasinliaNuEanas 2auRSEsamngm
ﬂizt,ﬁwmmﬁ@mumq AFLAINNINTNABARBAWAILT (atherosclerotic plaque) WaZAN
Aereslsnanadnlaen (ischemic stroke) (Lee W., 2014)

3. Reactive hyperemia response
andavaraslfisunisdanisidReuudasaas blood flow UTI UlaUAINN9Y
A , o o o R . -
reactive hyperemia 183 NFALIUdIULUALY cuff IaeldiATa9dn Aa peri-med ¥3a
real-time microcirculation imaging peri-cam PS! system fanunrauanaduninasieu
Tdiudanizlualdsureiden (blood perfusion) BanasAldaAln139191UARA LA
Usangnasnii3anda reactive hyperemia GanunfiansiAiNAUI24 blood flow UL
olz dl [ Das = :3’ = ’nj/ o al = . o o
damznq WeadaarlffuiaeannaneanasanasaIniannaandiail (ischemia) Intn1ssn
WULAULUARE cuff FoA31a esannnsiakaudauuuayin lfillaitatfunianasan
= , = v o e o . 2
LNANIIE hypoxia @x‘m?xfy’;u‘lmmmm local metabolites LAY waste product T4

s

nitric oxide B lasaldanUR AR ERLAaRKaIAN blood flow (Nasnieyay 7

U4

ing, 2559)

4. Blood biochemistry
angnarAraL lFsun195e91a liIAa N s9Aa11Ig LATAIAN atinatias 10-12 9aTug

NAUANNINIDIR TN ANUIIN LA EULIAYT AntTuendnadasaz lffunisiany
4 =4 = v o v \ °

Wwem ludsunmaaen 15 mlvise dsennad 1 deulse (M syringe 9374 20 ml, 9711491 1
syringe) nsvvinfiauzAngnAngmsnsunnd tnedninallanisunnd sasnidanazgnuiy
WadnAdaaflaasiden Al () 1dem 10 miiWadn FBS, lipid profile, HbA, , calcium,
LFT, BUN and creatinine (1unaniinszvinlagsinmainnisunne) uaz (i) 1aen 5 ml

\Wiadm endothelium markers 18un soluble I-CAM1, V-CAM1, ias ADMA Tagld assay
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t4 14
ot =

kits (Tupauinsen1lneinddy NAana1A1ansNIIunNE NU1INU1RBULIAT)

]
=

wazLied ATzl bacopa luiden vieesAlsznauniaailluiden tae 3A.A7.n90UN
Aeativiuni

n193mA" blood bioohemistryf‘i%"svm 3 msa lgur run-in period, treatment &1A13 0
mevml,ﬁ@?:u@gmzﬂ: treatment Tudiani 12

5. Mean arterial pressure

ananddrrazl@dsunisiaronusulainuazdnaninfuaasiola udoAiusuay
mean arterial pressure WAY pulse pressure TAtiAAIINALIARRALTION brachial artery
RngLATedTARYINAL validated automated sphygmomanometer Tuvinandaannn

Aaun1eiaLlungn 5 wah (Calabrese et al., 2008)

10. 38n151AND9RAN /AT (Approach to participant)

o [

nszuaUnsI8AI1NEULaN (Informed consent process) fin3dtazaiunadaya

T UandnasAsvalugaanis Al walazlsslamilaainnisdne Lanenans

foyauazuiLanauBuselieasinnindullfiasanieudndula

[ L9 .
11. nsinuUsIUsINLBYA (Data Collection)
=3 ;23 o & o R o ¥ kY
mﬂnum@Hmzqnuu%nimmuuuwnmw@Qi_lfm (case report form) Usenavumag

&

fayadouyanaiialy deyagunim deyadildainnisdn parameters A1a7) nsifivsausan

k1

faayalu placebo run-in period wazdn parameters AN °] 14 treatment period Tudilanii 0,

4,8, UA% 12 ANAIAL UASAARINKA (follow up) mi”wnﬁuzgmzﬁ“ﬂmﬁﬁ 12 1dudn 4

wazuLTBmAnIsniliRelsyacd
d’/ |4 dl g =3 o 2 ) s
wanainy m@g@wim%gﬂmuuuwnmiu‘lﬁﬂﬂmmuu software ARNNILADTUB

] §
o Pl G

d A T, A > ~ - > o o
ATANHAUY RBNNREA @331’@1’]lﬂ@\ﬂuLﬂ?@Qﬂ@NW‘le@ﬁ‘ﬂ@f\\‘i FANYNUNNT back up @H@i’]

¥ 13
= [

Tuuriss CD #ne uludayail soamis oD deyaaziiuidunsudy 1d15lud locker dnmyua

(24

[aA

12. MeAAsvidaysuazadad 1diLAs1eY (Data Analysis and Statistics)

faynarnnsanmaninaue lugiiuneesAeds + doudeuuNIATEIN (means

= . ' 9/ ! i} 1 ' )
+SEM) nnaFauiigiiannuuansgesdeyas parameters e 9 anelunguazndianian




202

R

19

“ &4 treatment WWuAazdUaF a2 ldadiR student ttest wazilauiiauAuLANGIg
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continuity of attention, quality of memory k8¢ speed of memory Taennsldldsunsy
cognitive computerized battery test ,

TAsanns3seY nunei Tasanssenaaeinsuiiaindudusaninusn nslug
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6.2.7 seazlAgALAZI BN sEIHUANNAY

Tusunsy cognitive computerized battery test Tun1sUsziiunI1ua1781
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- Average response time
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o o answers memor
Tad14) Wigneaduasiiv
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Pan

- Average response time
(correct) (ms)
- Average response time

(incorrect) (ms)
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Task 35n13 sziintlssiiu lddwiunlana
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Task o3 sziiutlsziiiu Tddmiuwlana
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- Select 4 Testo e s

(+ Woid Presenttion]

£ Defaped Word Recogrition
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€ Simple Reaction Time

: " Digt Viglance

¢ Chalce Beaction Tims 1
L7 Chaiee Reaction Tims 2

" Gpalial Wuﬂ:&ng Memmy

i Nigokie Watking Memory

s 1 dalsunsn COR
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2) Task #i 1 nMAaaY Word recognition (N1337A1A) qeiaannluinde

elaed (1)-(2)
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%, Viord Presentation - =] bl
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Flaenaainsinmmagauiaiaiu azinsuanins fasatnglugli s

\ Delayed Word Recognition

Number of coect argusts 22

Humbe of Irconect answers: 8

Aécuacy 7333 % :

Aveiage tesponse s 36184 ms (comecl
Average resporse et 1108.00 mt incorect] -
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Ry Picture Presentation - dJ X

51 6 nMsuananIw lusiatadas? 3 Picture presentation

zﬂ‘ o k4 _ 4 i
Wallsunsurianisuaasninasuian Aanaldsunsy szaanainuuisg

v Y 3
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urlaeaLn 3
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Flesnanadasinnmagaulaiadi azfinnsuasang feiaednelugii e

\ Detayed Picture Recognition

- Humbe of conetl snsvisrs s
Nurmber of Inconect arewers: &
Acciesty 7000 %
Ayeiage 1asponse e 1280.00 me [corect)
Average responize ins | 120093 ms intenect]
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v

o = o ¥ o s R ] e R
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4) Task #i 3 N19NA4BY Simple reaction time (AMNAIAUAZANNTINAD)
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