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ABSTRACT

Diabetes mellitus is a global health concern characterized by
hyperglycemia, necessitatinginnovative therapeutic strategies. Inhibition
of carbohydrate-digesting enzymes, particularly a-amylase and
a-glucosidase, is a promising approach to control postprandial blood
glucose levels. Bacopa monnieri (BM), a renowned medicinal herb with
a rich phytochemical profile, has gained attention for its potential
anti-diabetic properties. This study explores the inhibitory potential of a
bioactive fraction of Bacopa monnieri on a-amylase and a-glucosidase
enzymes, offering insights into its role as an in-vitro therapeutic agent for
anti-diabetic activity. the preliminary phytochemical screening of leaf
extracts of Bacopa monnieri results showed the presence of alkaloids,
terpenoids, phenols, carbohydrates and flavonoids. The TLC from solvent
systems 7:3 hexane Ethyl acetate, 9:1 chloroform methanol and 9.5:0.5
ethyl acetate methanol showed clear band separation of compounds in
all crude fractions. The other characterizations FTIR and LCMS were also
carried out. This research sheds light on the promising role of Bacopa
monnieri as an in-vitro therapeutic agent for anti-diabetic activity
through the inhibition of a-amylase and a-glucosidase enzymes. Further
exploration, including in-vivo studies and clinical trials, is warranted to
validateits efficacy and safety as a complementary approach in managing
diabetes mellitus.
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INTRODUCTION

The herbal medicinal plant has been used to
treatment or prevention of various human diseases in
our countries including and their potential therapeutic
effects Halder et al.™ Those plants have used for not
only medicinal properties but also their as food
beverage, excellent natural human health benefits,
pigments and cosmetic things in long years in the
worldwide Paul et al."™® Medicinal plants have been
distributed to several phytochemical constituents and
it’s considered to be bioactive resources. Diabetes
mellitus (DM) is the carbohydrate metabolic disorders
that are characterized by hyperglycemia due to
increasing a glucose concentration in the blood
Hasanpour et al.™ Diabetes is affected with 578
million of people by 2030 and this figure may expect
the increasing in the worldwide around 700 million by
2045 Augustine Daniel et al.” DM is the classified into
type-1 DM or insulin-dependent DM (IDDM), which is
affected in the childhood due to little or loss of insulin
secretion in the R-cells of the pancreas Mohamed
Othman et al.™ Type-1 DM patient’s condition like
insulin does not produce in the B-cells of the
pancreas of, because it is attacked by T-cell-mediated
autoimmune system. The treatment of the type-1 DM
aims to control normal blood glucose levels through
insulin therapy, healthy diets as well as every day
physical exercise for 30 min Sunday Faith Oyelere
et al™ Another type is the Type-2 DM or
non-insulin-dependent DM (NIDDM). This type is
mainly affected around 90% of adult. In type-2 DM
condition due to body does not produce enoughinsulin
in the B-cells of the pancreas, which can cause to
insulin resistance or insulin deficiency Saravanan
Shanmugam et al.*? Uncontrolled high blood sugar
levels can lead to various diabetic complications
including cardiovascular disease, oxidative stress,
diabetic retinopathy blindness, diabetic neuropathy,
diabetic nephropathy, renal failure, foot ulcers and
need for limb amputation You et al.”® Toluwani
Tella et al.*” And Vitor Spinola et al.”**

Bacopa monnieri monnieri as known as Brahmi
that is belongs to the family of Plantaginaceae and are
tropical plant, which mainly distributed or growing in
various countries including Europe, Africa, Asia and
southern and Eastern India (especially Tamil Nadu)

Rupali Gupta et al”’ The several secondary
metabolites are crucially found in the of B.
monnieri and it's one of the Indian medicinal

plants, which can be briefly used in different
biological potential including that anti-epileptic,
anti-hypercholesterolemic, bioremediation,
anti-microbial,  Anti-clastogenic, productive  of
neurodegenerative  diseases, anti-amnesic, plant
regeneration and anti-oxidative stress activities
Komali et al.™ Kamesh et al."” Tripathi et al.””

Upadhyaya et al® Dipanwita Deb et al®

Prasansuklab et al.”® Habbu et al.”’ Ali et al.” and
Gupta et al.””

B. monnieri were selected for the current research
study based on their several chemical constituents
specially those which are known to be rich in the
phytochemical constituents like as phenolic and
triterpenoids. Hence, in this present study we have to
carry out a hexane, ethyl acetate and methanol
fractions of B. monnieri that were used to investigate
the inhibitory activity of a-amylase and a-glucosidase
enzyme activities, which has considered for
therapeutic agent against diabetes mellitus.

MATERIALS AND METHODS

Collection of plant materials: The whole plant of the
Bacopa monnieri was collected from Mecheri, Salem
DT, Tamil Nadu, INDIA in the November and December
(38+1°C) in the year 2021. After collected plant leafs
were washed with distilled water and shade dried at
room temperature for 15 days. After complete drying,
the samples were powdered with a grinder. The dried
leaf powder (20 g) was sequentially extracted with
organic solvents such as hexane, ethyl acetate and
methanol. These extract residues were made for
concentration to dryness in vacuum rotary evaporator
and stored in cold until used.

Extraction of bacopa monnieri: Crude Bacopa
monnieri Sample extract was prepared by the Soxhlet
extraction method. About 20 gm of powdered sample,
material was uniformly packed into a thimble and
extracted with 250 mL of different solvents hexane,
ethyl acetate and methanolic extract separately. The
process of extraction has to be continued for 24 hrs or
till the solvent in the siphon tube of extractor becomes
colorless. After that, the extract was taken in a beaker
kept on a hot plate and heated at 30-40¢9C till all the
solvent evaporated. The dried extract was kept in the
refrigerator at 42C till future use Vijayan et a/.*”!

Screening of preliminary phytochemicals analysis
from bacopa monnieri: Preliminary phytochemical
analysis was carried out for all the hexane, ethyl
acetate and methanolic extract of Bacopa monnieri as
per standard methods described by Brain and Turner,
1975 and Evans, 1996.

Characterization of bacopa monnieri

Thin layer chromatography (TLC): The experiment TLC
was run on silica gel GF254 pre-coated aluminium
sheets, Merck (Germany), for checking the number of
compounds as clear spot present in crude plant
material. The compounds were detected by irradiating
with UV light (254 nm) or reacting with KMnO4 or
reacting with 0.25% of ninhydrin or reacting with
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iodine vapour. Thin layer chromatography (TLC) is a
chromatographic method which is used to separate
compounds. It is performed on silica gel GF254
aluminium sheets. Thin film of adsorbent is identified
asthestationarysilica phase. The combined extracts of
Bacopa monnieri hexane, ethyl acetate and methanol
were subjected to Thin Layer Chromatography using
various solvent systems and observed for characteristic
spots under UV light and KMnO4.

FT-IR analysis: FT-IR spectra were recorded with a
Perkin Elmer-Spectrum. The spectrometer was
continuously purged with nitrogen to eliminate
atmospheric water vapour and carbon dioxide.
Background spectra, which were collected under the
same conditions, were subtracted from the sample
spectra automatically. The frequencies for all sharp
bands were accurate to 0.001 cm-1. Each sample was
scanned under the same condition for four times.

LC-MS analysis: Mass spectrum of the all-crude
extracts was recorded on instrument Waters-SynaptG2
by electro spray ionization (ESI) technique with a flow
rate of 0.3 mL min-1 on C-18 column and total run time
of 45 min. The sample used for recording the mass
spectrum was prepared by dissolving 0.2 mg of
compound in 10 mL of methanol/acetonitrile.

Assay for inhibitory activity of a-amylase (EC 3.2.1.1):
The a-amylase inhibitory activity was determined
according to the method of Lourdes Fuentes et al."?
with slight modifications. Various concentration of
PSWE was mixed with 100 pl of a-amylase contain 0.5
mg mL™" units in 20 mM sodium phosphate buffer
(pH 6.9). The assay mixtures were incubated at room
temperature for 30 min. After incubation, added 100
pl of 1% starch solution prepared in 20 mM sodium
phosphate buffer (pH 6.9) and assay reactions were
incubated at room temperature for 30 min. The
inhibition reactions were terminated by adding 1000 pl
of 1% 3,5 dinitrosalicylic acid, this incubated in boiling
water bath at 60°C for 15 min. Finally, the absorbance
was measured at 540 nm using a spectrophotometer
(Shimadzu UV-1800, Tokyo, Japan). The inhibition
percentage was calculated as following equation:

o Abs,,, control — Abs,,, Test
o — amylaseinhibition %= : x100
Aby,, control

Where, Abs,,,Control is an absorbance of without the
a-amylase activity, and Abs,,, Test is an absorbance of
the tested compound. The standard drug acarbose was
used as a positive control.

Assay for inhibitory activity of a-glucosidase
(EC3.2.1.20): The a-glucosidase inhibitory activity was
determined according to the method of Andrea

Aleixandre et al.™ with slight modifications. Various

concentration of PSWE is mixed with 100 pl of
a-glucosidase enzyme 1 units mg™" in 100 mM sodium
phosphate buffer at (pH 6.8) and reaction was
incubated at 37 °C for 30 min. After incubation, added
with solution of 100ul of 10 mM p-Nitrophenyl a,
D-phenyl glucopyranoside as a substrate contain with
100 mM sodium phosphate buffer at (pH 6.8). The
enzymatic reactions were incubated at 37 °C for 30
min. Finally, the assay reactions were stopped by
adding 700 pl of 1 mM sodium carbonate solution. The
yellow colour product of p-nitro phenol was released
fromtotal enzyme assays and absorbance measured at
410 nm using a UV spectrophotometer (UV-1800,
Shimadzu, Japan). The inhibition percentage of
a-glucosidase was expressed as following equations:

Abs,, control — Abs,,, Test <
Ab,,, control

o — Glucosidaseinhibition %= 100

Where, Abs,,, Control is an absorbance of
a-glucosidase activity without SWE and Abs,, Testis an
absorbance of a-glucosidase with SWE. The standard
drug acarbose was used as a positive control.

Statistical analysis: All the data’s obtained for each
experimental results were analysis three independent
replicates (n = 3). The results were represented as
MeanzSEM. All the statistical analysis was employed by
Origin 8 pro software.

RESULTS AND DISCUSSIONS

Phytochemical screening: The results of phytochemical
screening of Bacopa monnieri leaf extract listed in
Table 1. Phytochemical analysis was carried out on the
crude leaf extract of Bacopa monnieri which revealed
the presence of important bioactive compounds. The
presence of phytochemical compounds in the plant
Bacopa monnieri was evaluated in leaf using different
solvents such as hexane, methanol and ethyl acetate.
In the current work the preliminary phytochemical
screening of leaf extracts of Bacopa monnieri results
showed the presence of alkaloids, terpenoids, phenols,
carbohydrates and flavonoids.

Characterization of bacopa monnieri:

Tlc studies on various leaf extract of bacopa monnieri:
The TLC studies obtained for various extracts. TLC
studies onall crude extract of Bacopa monnieri showed
various separations of spots, in different solvent
system. The TLC from solvent systems 7:3 hexane Ethyl
acetate, 9:1 chloroform: methanol and 9.5:0.5 ethyl
acetate methanol showed clear band separation of
compounds in all crude fractions.

FT-IR spectral studies for hexane, ethyl acetate and
methanol fraction: The region of FT-IR radiation helps
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Fig. 1: FT-IR spectral studies for hexane, ethyl acetate and methanol fraction
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Fig. 2: LC-MS analysis of Hexane Extract
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Fig. 3: LC-MS analysis of Ethyl acetate Extract

to find the functional groups of the active components
presentin all crude extracts based on the peak’s values
of the FT-IR spectrum. When the crude extracts were
passed into the FT-IR the functional groups of the
components were separated based on its peak’s ratio.
The results of FT-IR analysis confirmed the presence of

224 254
Range: 1.274
Tme Hegh Aea Awat
oy asen !
" Ve mow swesr a7
| 200 70 tateszr s
2% iooed txesr0 520
10 335 1apinos tperon0 san
242 ‘201248 450008 1908
o061 29 1ot teorers 698
| 32 S 7easm 9%
' 347 19506 315665 129
8.0e-1 365 6928 1037.58 042
39 sk Tae 0%
706t a2 s oSt 027
2 4
w00
5.0e-1
l
se \
|2e2
2064 "
2l fl
10814 200, 9320
125575 AL zss 412
it I o P
1.0e-1

100 200 300 400 500 600 700 800 900  10.00

Fig. 4: LC-MS analysis of Methanol Extract
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Fig. 5: Inhibitory activity of ethyl acetate fraction of B.
monnieri on a-amylase enzyme activity

carbonyl, aromatic, alkane, phenol and alcohol-based
compounds. The peak at 3406, 3400 and 3418 cm-1
assigned to the O-H stretching vibration. In addition,
the peak at 1748-1633 cm-1 assigned to the C = O
stretching vibration of carbonyl compounds present in
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Fig. 6: Inhibitory activity of ethyl acetate fraction of B.

monnieri on a-glucosidase enzyme activity

the various extracts. The OH bending vibrations are

seen between the ranges 1390-1353 cm-1. The FT-IR
spectra of the hexane, ethyl acetate and methanol
fraction from B. monnieri showed Fig. 1, respectively.

LC-MS Studies of hexane, ethyl acetate and methanol
extract: LC-MS analysis of hexane, ethyl acetate and
methanol extracts of Bacopa monnieri leaf had
detected various components of peaks, these results
were showed in Figure 2, 3 and 4 respectively. The case
of hexane extract, the different compounds (Major)
peaks were found with retention time 3.45, 3.97
and 4.55 showed the mass (m/z) 287, 613 and
277, respectively. The mass spectrum of ethyl acetate
extract showed major compounds at retention time at
2.23, 2.99 and 4.55 corresponding to the mass (m/z)
325,197 and 271, respectively. Inthe methanol extract
the compounds with mass (m/z) 325 and 339 identified
as major component with retention time 2.24 and
2.42, respectively.

A-amylase enzyme inhibition by ethyl acetate fraction
of Bacopa monnieri: In order to identify the potent
natural inhibitor against a-amylase enzyme, the ethyl
acetate fraction of B. monnieri was evaluated the
inhibition of a-amylase enzyme activity and result was
showed in Fig. 5. From the graph, it is clearly indicated
that the ethyl acetate fraction of B. monnieri inhibited
a-amylase enzyme activity in dose-dependent
manner (0.2-1.0 mg mL™"). The ethyl acetate fraction
of B. monnieri at the concentration of 1.0 mg mL™*
significantly inhibited the a-amylase enzyme activity at
88.33%. The IC50 value of ethyl acetate fraction of B.
monnieri against a-amylase activity was found to be
0.524 pg mL~%, when compared with acarbose 130
pg mL~?, respectively.

A-glucosidase enzyme inhibition by ethyl acetate
fraction of Bacopa monnieri: The ethyl acetate
fraction of B. monnieri was studied for potential

inhibition against a-glucosidase enzyme activity and
shown in Figure 6. The graph clearly indicated that the
ethyl acetate fraction of B. monnieri inhibited against
a-glucosidase enzyme activity in increase concentration
(i.e. dose-dependent manner) from 0.1-0.5 mg mL™%,
respectively. The ethyl acetate fraction of B. monnieri
at 0.5 mg mL~" concentration showed significantly
highest a-glucosidase enzymes inhibition percentage
was found to be 90.12%. The inhibition constant IC50
value for ethyl acetate fraction of B. monnieri was
found to be 0.253 pg mL~* and of standard drug
acarbose to be 125 pg mL™.

In vitro determination of a-amylase and
a-glucosidase enzyme inhibition revealed that the ethyl
acetate fraction of B. monnieri. The inhibition effects
of acarbose commercially available drugs have been
used for inhibition study of a-amylase and
a-glucosidase enzyme activity. Acarbose plays an
important role in the control or prevention of
postprandial hyperglycemia Lakshmana Senthil et al.*
Acarbose, miglitol and voglibose, these are the
currently available drugs for inhibition of a-glucosidase
enzyme and antidiabetic therapeutic agent and its
commonly side effects like abdominal discomfit,
flatulence and diarrhoea Zhiyang Liu et al.™ The
search for natural bioactive compounds from medicinal
plants which is nontoxic is ever increasing. The
a-amylase and a-glucosidase inhibition were screened
from ethyl acetate fraction of B. monnieri, that results
were obtained anti-diabetic potential when compared
hexane and methanol fractions. The acetone extracts
of Undaria pinnatifida showed the highest percentage
of inhibition (69.3+0.5%) amongst the tested seaweed
extracts, followed by methanolic extracts of Laminaria
digitata with an inhibition of 61.530.7% at the
concentration of 2 mg mL~* Zaharudin et a/.®”

Previous study has been reported that the highest
inhibition performance was for extracts from Lessonia
trabeculate, with a value of 69.75+3.49% observed for
the methanol in fraction and 34.69+2.31% for the
conventional fraction and this was much higher than
those obtained for the other three species Yuan
et al.” Nazikussabah et al.”®" has been reported more
inhibition effective of acetone extract of Undaria
pinnatifida and Laminaria digitata on a-glucosidase
activity. Previous study has been reported that the
inhibitory activity of phlorotanninsisolated compounds
(1-5) from Ecklonia cava on a-glucosidase. Compounds
3 and 5 displayed the most potent inhibitory
activity, with IC50 values of 2.3+0.1 and 2.3+1.2 uM,
respectively. Compound 1 showed moderate inhibitory
activity, with 1C50 values of 12.5+3.1 uM, whereas
compounds 2 and 4 suppressed the catalytic reaction
of a-glucosidase at high concentrations, with 1C50
values of 32.5+2.1 and 59.8+0.8 uM, respectively
Sae Rom Park et al.*® The ethyl acetate fraction of B.
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Table 1: Screening test for phytochemicals analysis in the various extracts of hexane, ethyl acetate and methanol from Bacopa monnieri

Phytochemical Test Hexane

Ethyl acetate Methanol

Alkaloid test

A) Drangen droff

B) Hagers test

C) Wagner's test

Test for terpenoids

A) H,SO, test

Test for phenols and tannins
A) Lead acetate test

B) K,CO3

C) Gelatin

Protein and amino acid
A) CusO,

B) Ninhydrin
Carbohydrate

A) Molish test

B) Benedict test
Saponin

Flavonoids

+
+
+

+
+
+

++

++

monnieri was evaluated for more inhibition effectives
on a-glucosidase activity. Hence, Natural bioactive
fractions were presented in the medicinal plant of B.
monnieri which has considered for anti-diabetic
molecules.

CONCLUSION

The inhibitory potential of Bacopa monnieri (BM)
on a-amylase and a-glucosidase enzymes presents a
compelling prospect in the quest for effective
anti-diabetic agents. This study, focusing on the
bioactive fraction of BM, has provided valuable insights
into its role as an in-vitro therapeutic agent for
anti-diabetic activity. BM, renowned for its diverse
phytochemical composition, including alkaloids,
saponins, flavonoids and polyphenols, harbours the
potential to modulate biological processes. Of
particular significance are the bacosides, unique
triterpenoid saponins found in BM, which have
demonstrated remarkable bioactivity. The in-vitro
experiments conducted in this study have
demonstrated that the bioactive fraction of BM exerts
a substantial inhibitory effect on both a-amylase and
a-glucosidase enzymes. This inhibition is of paramount
importance in the context of diabetes management, as
it can significantly impede carbohydrate digestion and
glucose absorption.

While the in-vitro results are promising, further
research isimperative. In-vivo studies, including animal
models and clinical trials, are necessary to validate the
safety, efficacy and optimal dosage of BM-derived
bioactive fractions for anti-diabetic applications.
Comprehensive toxicological assessments will
contribute to the safety profile of BM-based
interventions. In conclusion, the bioactive fraction of
Bacopa monnieri demonstrates substantial inhibitory
potential against a-amylase and a-glucosidase
enzymes, positioning it as a promising in-vitro
therapeutic agent for anti-diabetic activity. The

multifaceted phytochemical composition of BM, with
bacosides as key players, holds great potential for
advancing diabetes management strategies. Further
research and clinical validation are crucial steps toward
harnessing the full therapeutic potential of this natural
remedy in the fight against diabetes mellitus.
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