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ABSTRACT

Semecarpus anacardium Linn (Bhalayo) has been used traditionally for ages as it can cure and control
several incredible diseases including diabetes mellitus. In the present work, an investigation has been
carried out to compare the in-vitro antidiabetic activity in the methanol extract of stem bark and leaves of
Semecarpus anacardium Linn (Bhalayo) from Nawalparasi district of Nepal. Results from phytochemical
screening in methanol (MeOH) extracts of stem bark and leaves of this plant discovered secondary
metabolites like alkaloids, flavonoids, polyphenols and terpenoids. This demonstrates antioxidant and
antidiabetic property with several other medicinal values of this plant. The in-vitro a-amylase enzyme
inhibition activity of MeOH extract of either part of this plant was performed using starch as substrate, o
amylase as enzyme, and acarbose as standard. The 1Cso values of MeOH extract of stem bark and leaves
were observed to be 88.26 + 1.15 pg/mL and 195.61 + 1.74 pg/mL, respectively. Nevertheless, the ICso
value of MeOH extract of stem bark, analogous to MeOH extract of leaves, seems fairly close to ICso
value of standard drug acarbose, 28.48 + 0.07 pg/mL. Since, MeOH extract of stem bark of the plant
unveiled its potent antidiabetic activity, stem bark of the plants can be employed for the isolation of active

compounds to contrive new and efficacious antidiabetic drugs.
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Introduction

Diabetes mellitus, a chronic heterogeneous metabolic disorder, is a common endocrine disease
having indirect relation with several diseases [1], with micro and macro vascular complications
like retinopathy, nephropathy, neuropathy, cardiomyopathy and angiopathy [2-4]. Diabetes
mellitus is the result of inherited or acquired deficiency of insulin production form pancreas or
its inefficacy. Low insulin secretion and its poor response to target cell or both, can be another
reason for diabetes [5]. It is characterized by chronic hyperglycaemia with disturbances in the
metabolism of protein, carbohydrate, fat and lipid along with glycosuria, ketosis and acidosis
resulting from insulin resistance accompanied by hypertension [6], or insulin deficiency or both
[4]. Hyperglycaemia [7], glucose oxidation, non-enzymatic glycation of proteins and respiratory
chain generates free radicals like reactive oxygen species (ROs) which later results into lipid
peroxidation, causes micro vascular damage. Antioxidant from medicinal plants reduces
oxidative stress and protect body against free radical-mediated toxicities. Antioxidant and
antidiabetic properties are correlated in a way that natural antioxidants like tannins, flavonoids
and vitamin C&E control diabetes by preventing [B-cells destruction thereby inhibiting
peroxidation chain reaction [3, 8].

Based on etiology of disease, diabetes mellitus is categorized into two crucial types viz insulin
dependent diabetes mellitus (IDDM) or type 1 diabetes and non-insulin dependent diabetes
mellitus (NIDDM) or type 2 diabetes. The other known diabetes mellitus diseases are gestational
diabetes and brittle diabetes [1, 7, 9]. Another noble varieties of diabetes are maturity-onset
diabetes in young persons (MODY) and latent autoimmune diabetes in adult (LADA). Type-1
diabetes results from pancreatic islets beta-cell destruction and is prone to ketoacidosis due to
predominant insulin deficiency. Type-2 diabetes mellitus (NIDDM) is common and major form
of diabetes characterized by abnormality in insulin secretion with a chief contribution from
insulin resistance [1].

The conventional therapy of diabetes includes oral hypoglycaemic agents like sulfonylureas,
biguanides, thiazolidinediones, meglitinides, alpha-amylase and alpha glucosidase inhibitors.
They are suspected to be carcinogenic with some gastrointestinal side effects [3]. The treatment
of type-2 diabetes (NIDDM) has two main parameters i.e., preventing the breakdown of dietary

complex carbohydrate into glucose and preventing the diffusion of glucose via the intestinal
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membrane into blood stream. The two main carbohydrate hydrolysing enzymes are alpha-
amylase and alpha glucosidase [10]. Metformin, the globally used anti-diabetic drug, was
obtained from traditionally used medicine system bringing Galega officinalis, a medicinal plant,
into action. It has dramatically altered the situation from the norms of “back to nature”, as
standard synthetic drug charges exorbitant and offers many side effects [11], analogous to
medicinal plants and their herbal formulation [6].

World Health Organization has estimated that 80% of world’s population from developing
countries depends upon plants in health care system [12]. Floristically, Nepal is typified by six
adjoining floristic regions. Nepal has a sumptuously rich fickle climatic conditions, geographical
diversity and vast varieties of plants species of high potential medicinal values. In Nepal, 701
species of medicinal plants are reported till now while 7000 species of flowering plants from
Nepal are reported to have medicinal properties [13].

Medicinal plants, since ages are supposed to be fundamental mines of potent antidiabetic drug
and thus commonly used for diabetes treatment [1, 2]. More than 400 plant species are
recognized to have antidiabetic or hypoglycaemic activity [14, 15]. The plant species rich in
bioactive secondary metabolites like flavonoids, alkaloids, steroids, tannins, phenolic
compounds, glycosides, carotenoids and terpenoids with therapeutic potential demonstrate
antidiabetic efficacy [13, 16, 17].

Semecarpus anacardium Linn is a promising deciduous medicinal plant found in the sub-
Himalayan tract and hotter parts [18]. It belongs to family Anacardiaceae and is also known as
Bhalayo in Nepali, Bhilawa in Hindi and Bhallataka or Aruskarah in Sanskrit. It is also called as
oriental cashew or marking nut tree in English as the juice of pericarp is used to mark cotton
clothes [18, 19]. It is medium to large size tree ranging from 15 meter to 25 meters with grey
bark. Leaves are simple, alternate, obovate-oblong, rounded at the apex and coriaceous with
main nerves 15-25 pairs. Flowers are greenish white. Fruits are obliquely ovoid and 2-5 cm long,
smooth, fleshy orange red, cup shaped upper part and sweet and edible when ripe [20]. Different
parts like fruits, nuts, leaves, root and stem bark of this plant with its formulation have been
traditionally brought into action in complementary and alternative medicine system for the
treatment of the diseases like rheumatism, asthma, neuralgia, helminthic infection, psoriasis and

cancer [21]. Various parts of Semecarpus anacardium Linn contain several biologically active
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compounds like biflavonoids, phenolic compounds, bhilawanols, sterols, anacardic acid,
glycosides [17], vitamins, minerals and amino acid [22].

Ayurveda and Siddha system of medicine describes this very plant as a “Panacea or Ardha
Vaidya” since it is employed voluminously from ages to cure broad range of ailments most
importantly the diabetes mellitus [20]. Natural products from medicinal plant like Semecarpus
anacardium Linn, a potent source of compounds with antioxidant and antidiabetic property, are
the prominent sources of effective drugs with less side effects [1- 23].

Despite the traditional claims over antidiabetic property of Semecarpus anacardium Linn, there
are inadequate scientific studies to back the claims with scientific evidences. The main aim of
this study is to analyze the antidiabetic property of methanol extract of stem bark and leaves of
this plant and predict analogously the most impressive and effective antidiabetic property
between them. As far as the current knowledge of the authors’ is concerned, no study has been
carried out before on comparative evaluation of in-vitro antidiabetic property between methanol
extract of stem bark and leaf of this plant. The present study is expected to contribute in the field
of natural product chemistry by providing comparative antidiabetic efficacies in the stem bark

and leaves of Semecarpus anacardium Linn of Nepalese origin.
Materials and Methods
Chemicals and reagents

The main chemicals used in this study were methanol and porcine pancreatic alpha-amylase of
commercially available analytical grade from E. Merck, T. Fisher Scientific and Qualigens

Chemical Companies, India, purchased from the local vendors.
Equipment

The major equipment used in this study were Soxhlet extractor, rotatory evaporator,
spectrophotometer, micropipettes, digital weighing machine, water bath and other apparatus like

conical flask, beaker, etc.
Collection of plant materials

The stem barks and leaves of the plant were collected from Rajahar, Devchuli-16 of Devchuli

256



International Journal of New Chemistry, 2025, 12 (3), 253-263 Bhatt et al

municipality Nawalparasi, Nepal in the month of April. The plant was identified by Central

Department of Botany, Tribhuwan University, Nepal.
Extraction of plant materials

The fresh leaves and stem barks were collected, rinsed with clean water and were shade dried for
a month which were finally grinded to powder form for the sake of extract preparation. The 100
g powder form of Semecarpus anacardium Linn. leaves was extracted by cold percolation
method with frequent agitation for 48 hours and 190 g of the powdered stem bark was extracted
by Soxhlet extractor in 300-400 mL of four different solvents based on their increasing polarity
viz hexane, chloroform, ethyl acetate and methanol successively. The mixture from cold
percolation was filtered through clean cotton to obtain filtrate. This process was repeated for
about 6-8 times as required for the complete extraction. Similarly, the solutions obtained by
Soxhlet extraction using different solvents, which had undergone several cycles for about 11-13
hours were collected. The extracts of stem bark and leaves thus obtained were individually
concentrated by rotary evaporator under reduced pressure to get crude extracts, among which the
methanol extract of both stem bark and leaves were investigated to evaluate their antidiabetic

property.
Phytochemical analysis

The qualitative phytochemical analysis was carried out to detect the secondary metabolites like
alkaloids, flavonoids, phenolic compounds, tannins, saponins, etc. present in methanol extract of
stem bark and leaves. This method involves the standard procedure where the analysis of the
presence of main groups of natural constituents present in the different plant extracts was

performed by the colour reaction using different specific reagents [24].
Alpha amylase enzyme inhibition assay

a-amylase enzyme inhibition assay was performed using standard protocol [25]. The undigested
starch due to enzyme inhibition was detected at 630 nm (blue, starch-iodine complex). Substrate
was prepared by dissolving 200 mg starch in 25 mL of NaOH (0.4 M) by heating at 100 °C for 5

minutes. After cooling, pH was adjusted to 7.0 and final volume was made up to 100 mL using
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distilled water. Acarbose was taken as positive control. The 400 pL of substrate solution was pre-
incubated at 37 °C for 5 minutes with 200 puL of acarbose and also of plant extract at varying
concentrations (40, 80, 160, 320, 640 ug/mL), followed by 200 uL of 50 ug/mL a-amylase (20
mM phosphate buffer with 6.7 mM NaCl, pH 6.9), and incubated at 37 °C for 15 minutes.
Termination of the reaction was carried out by adding 800 uL of HCI1 (0.1 M). Then, 1000 pL of
2.5 mM iodine reagent was added, and absorbance was measured at 630 nm. The assay was
carried out in triplicates using spectrophotometer. Percentage of inhibition was calculated using
the formula:

% Inhibition = (1-[Absz — Absz / Abss- Absz]) x 100

Abs;= absorbance of the incubated mixture containing plant sample, starch, and a-amylase
Abs,= absorbance of the incubated mixture of starch and the sample

Absz= absorbance of the incubated mixture of starch and a-amylase

Abss= absorbance of incubated solution containing starch.

The alpha amylase enzyme inhibition assay in terms of the ICso values of the extracts were
determined from the plots of the percentage a-amylase enzyme inhibition curves.

Results and Discussion

Phytochemical analysis

The result obtained from the phytochemical screening of methanolic extracts of stem bark and

leaves of Semecarpus anacardium Linn leaves have been recorded in table 1.

Table 1. Phytochemical analysis of methanol extracts of Semecarpus anacardium Linn.

S.N. | Plant extracts Alk | Cou | Flav | Gly | PP | Quin | Sug | Sap | Terp
1 MeOH stem bark extract + + + + + + _ + +
2 MeOH leaf extract + — + + + _ _ + _

Alk = Alkaloids, Cou = Coumarins, Flav = Flavonoids, Gly = Glycosides, PP = Polyphenols, Quin =
Quinones, Sug = Sugar, Sap = Saponins, Terp = Terpenoids, MeOH = Methanol

The result of phytochemical analysis showed the presence of various secondary metabolites like

alkaloids, flavonoids, polyphenols, coumarins, saponin, terpenoids, etc in the methanolic extract
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of both stem bark and leaves. Presence of these metabolites show the antioxidant and antidiabetic
efficacy of this plant. These results also advocate the application of this plant as a potential

source of bioactive compounds.
Antidiabetic property

The a-amylase inhibition activity of methanolic stem bark and leaf extracts of different
concentrations in terms of percentage a-amylase enzyme inhibition of Semecarpus anacardium

Linn have been computed and displayed in table 2.

Table 2. Percent a-amylase enzyme inhibition by plant extracts and acarbose at various concentrations.

S.N. | Plant extracts 40 80 160 320 640
pg/mL pg/mL pug/mL pug/mL pug/mL
1. Methanol stem bark extracts 54.68 65.49 74.41 82.98 89.65
2. Methanol leaf extracts 49.56 52.85 59.39 67.48 75.92
3. Acarbose 56.45 80.44 83.67 86.88 96.30

The percentage a-amylase enzyme inhibition by acarbose and methanol stem bark extract have
been graphically shown in figure 1. Similarly, the percentage a-amylase enzyme inhibition by

acarbose and methanol leaf extract have been graphically shown in figure 2.
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Figure 1. Comparison of percentage a-amylase enzyme inhibition by acarbose and methanol stem bark

extract of Semecarpus anacardium Linn.
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Figure 2. Comparison of percentage a-amylase enzyme inhibition by acarbose and methanol leaf extract

of Semecarpus anacardium Linn.

Using the curves of percentage a-amylase inhibition, the ICso values of methanol stem bark and methanol

leaf extracts along with acarbose have been computed and tabulated in table 3. These 1Cso values have

been graphically shown in figure 3.

Table 3. ICs values for a-amylase enzyme assay.

S.N. Samples ICs0 (ug/mL) £S. D
1 Acarbose 28.48 £ 0.07
2 Methanol stem bark extract 88.26 £1.15
3 Methanol leaf extract 19561+ 1.74

IC; values (ng/mL)

Acarbose

Samples

Methanol stem
bark extract

Methanol leaf
extract

Figure 3. ICso values of methanol stem bark and methanol leaf extracts of Semecarpus anacardium Linn

along with acarbose.
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Using the curves of percentage [J-amylase inhibition, the 1Csp values of methanol stem bark and
methanol leaf extracts along with acarbose have been computed and tabulated in table 3. These
ICso values have been graphically shown in figure 3.

Table 3. ICso values for a-amylase enzyme assay

S.N. | Samples ICso (Mg/mL) £S. D
1 Acarbose 28.48 +0.07
2 Methanol stem bark extract 88.26 £ 1.15
3 Methanol leaf extract 195.61+1.74

Smaller value of ICsg represents the stronger a-amylase inhibition activity. The 1Cso values of a-
amylase inhibition activity in methanolic stem bark extract of Semecarpus anacardium Linn was
found to be 88.26 £ 1.15 pg/mL, which is fairly close to ICso value 28.48 £ 0 .07 pg/mL of
standard drug acarbose. Similarly, the 1Cso values of a-amylase inhibition activity in methanolic
leaf extract of Semecarpus anacardium Linn was found to be 195.61 + 1.74 pg/mL, which is
much greater as compared to both acarbose and stem bark extract. These 1Cso values claimed
stem bark of the plant to be the source of potent alpha amylase inhibitors. The results also reflect
that the stem bark of Semecarpus anacardium Linn is the better source of alpha amylase

inhibitors and is the potent source of antidiabetic drugs than its leaves.
Conclusion

The a-amylase inhibition assay in methanol extract of both the stem bark and leaves of
Semecarpus anacardium Linn demonstrated convincing antidiabetic property with the ICso
values of 88.26 = 1.15 pg/mL and 195.61 + 1.74 pg/mL, respectively. Presence of secondary
metabolites like alkaloid, flavonoid, polyphenols, terpenoids and saponins, as observed in
phytochemical screening, also vouch the authenticity of these results. The presence of these
metabolites validated the prominent reason behind bringing Semecarpus anacardium Linn. in to
action for the therapy of several diseases, including diabetes mellitus basically, since ages.

The 1Cso value of methanol stem bark extract was found to be close to that of standard
antidiabetic drug acarbose. The ICsg values of methanol leaf extract showed higher 1Cso values as

compared to the stem bark extract and acarbose. These results demonstrated the better
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antidiabetic efficacy of stem bark than leaves of this plant. Since, the methanol stem bark extract
demonstrated promising antidiabetic efficacy, Semecarpus anacardium Linn can be used for the
isolation of antidiabetic drugs. Nonetheless, further scrutiny including isolation, purification,
identification and quantification of recognised bioactive compounds from methanol stem bark of

Semecarpus anacardium Linn is still recommended.
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