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ABSTRACT

Alstonia scholaris (L.) R. Br. is medicinal plant species (Family: Apocynaceae). A.
scholaris has several drug applications for the treatment of various chronic diseases and
it has limited information regarding its traditional use in treating diabetes from a
scientific perspective. To determine the phytochemical compositions of three different
extracts of A. scholaris; chloroform extract (CEAS), ethyl acetate extract (EAEAS), and
ethanolic extract (EEAS) of A. scholaris leave. In addition, we evaluated the effects of
these three extracts on glucose homeostasis in normal rats using the oral glucose
tolerance test (OGTT). Male Wistar rats (250-300 g) were randomly divided into twelve
groups (n=3/group). Normal saline-treated group, three different doses of all the three
extracts (200, 400, 800 mg/kg, p.o.) treated groups, canagliflozin (CANA) 1mg/kg, p.o
treated group, and metformin (MET) 200 mg/kg, p.o standard treated group. After 30
minutes of drug administration, all groups were given a glucose solution (2g/kg). At 0,
30, 60, 90, 120, and 150 minutes, blood glucose levels were measured by pricking tail
veins with a glucometer. The phytochemical screening of the crude extract revealed the
presence of alkaloids, flavonoids, terpenoids, phenols, and saponins. At doses of 400
mg/kg, EAEAS and EEAS significantly reduced blood glucose levels (p<0.05) compared

to the vehicle control and the standard drugs. However, CEAS did not show any
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significant changes compared to vehicle control at any dose. EAEAS and EEAS at

400mg/kg dose have phytochemical constituents that improve the anti-hyperglycemic

effect and maintain glucose homeostasis in hyperglycemia.

Keywords: Alstonia scholaris, Anti-hyperglycemic, Diabetes, Glucose Homeostasis,

Oral Glucose Tolerance Test (OGTT)

INTRODUCTION :

An important part of the physiological
function is glucose homeostasis, which is
regulated by two hormones, insulin, and
glucagon [1]. By increasing lipogenesis,
and glycogen synthesis, insulin increases
glucose disposition in peripheral tissues,
while glucagon produces the opposite
effect. Diabetes mellitus, or
hyperglycemia, is the result of an
abnormality in glucose homeostasis that
is usually caused by an inability to
secrete insulin or by insulin resistance.
Furthermore, long-term high blood
glucose levels may lead to further macro
or microvascular complications.
Therefore, improving insulin secretion
and resistance is very important for
normalizing glucose homeostasis and
preventing chronic complications.
Numerous research projects are being
conducted all over the world, and several
contain

pharmacological products

effective anti-hyperglycemic
medications, but few patients achieve the
glycemic treatment set by our experts [2].
The Oral Glucose Tolerance Test (OGTT)

is a test of the body's ability to

metabolize glucose that involves the
administration of a measured dose of
glucose to the fasting stomach and the
determination of glucose levels in the
blood at measured intervals thereafter and
that is used especially to evaluate specific
values for normal and disease condition
(diabetes mellitus). Currently approved
anti-hyperglycemic  agents act by
enhancing insulin sensitivity, insulin
secretion  increase, and glucose
absorption reduction but available agents
have one or more undesirable side effects
like hypoglycemia, hematological

disorders, obesity, osteoporosis,
hepatotoxicity, and lactic acidosis [3].
Therefore, it is important to find out an
effective medication with fewer side
effects for diabetes in which traditional
medicinal plants are more preferred.
World health (WHO)

reported that traditional plant medicines

organization

are used for the treatment of diabetes
with fewer side effects and are cost-
effective [4]. Many medicinal plants are
currently available that also reduce the

risk of cardiovascular disease that arises
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due to hyperlipidemia in diabetics [5].
Many diabetic patients have consumed
extracts, whole plants, and herbal
formulations along with hypoglycemic
drugs to accomplish the anti-diabetic
effect and prevent its complications [6].
Hence, in light of these shreds of
evidence, the development of plant
sources and drugs are considered
potential sources for the treatments.
Alstonia. scholaris R.Br. (Apocynaceae)
is the medicinal plant described in
Ayurveda with its  therapeutic
importance. It is also known as
saptaparna in which “Sapta” means seven
and “Parna” means leaves. In Ayurveda,
A. scholaris is used in Jwara, Shwas,
Kushtha, Gulma, Vranaetc [7]. It is
widely distributed and used in India,
Thailand, Philipines, Africa, China,
Australia [8], etc. It has various
pharmacological activities also as
antibacterial, anti-anxiety, antiulcer, anti-
microbial, antioxidant, anti-diarrheal, and
is also used in wound healing [9], etc.
Traditionally the plant is used in
whooping cough, chronic bronchitis,
asthma, and other respiratory tract
infections [10]. On the other hand, some
phytoconstituents such as alkaloids,
steroids, reducing sugars, and flavonoids
showed anti-diabetic activity [11]. Since

the major phytochemical constituent of

Research Article
A.  scholaris may  cause  anti-
hyperglycemic activity. Anti-

hyperlipidemic and anti-hyperglycemic
activity of A. scholaris leaves have been
reported on rats [12]. There is not enough
data on the investigation of different
extracts of A. scholaris and their anti-
hyperglycemic activity. Therefore, to
further identify the beneficial glucose-
lowering effect of petroleum ether, ethyl
acetate, chloroform, and ethanolic extract
of A. scholaris leaves was investigated
and maintaining glucose homeostasis in
normal rats.

MATERIALS AND METHODS:

The chemicals and solvents used in the
experiments were the entire analytical
(Apollo, Knoll
Ltd.),
(INVOKANA, Johnson & Johnson’s),

grade.  Metformin

Pharmaceuticals canagliflozin
and Streptozotocin were procured from

(ANJ biomedical, USA).

Plant material collection and
authentication
The  Alstonia  scholaris  (Leaves)

specimens were collected in September
from Krishna Nagar, Nava Naroda,
Ahmedabad, and Gujarat. It was
authenticated by the Department of
Botanyat Gujarat University.

Extraction method

The A. scholaris leaves were thoroughly

cleaned in distilled water and shade dried
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for seven days at room temperature. 1kg of
powdered form of A. scholaris leaves was

extracted by soxhlet extraction. The

powdered A. scholaris leaves were
packed in a soxhlet apparatus and
extracted using  petroleum ether,

chloroform, ethyl acetate, and ethanol
solvents followed by successive methods
[13] for 48 hours (Figure 1). Extracts
were then concentrated in a rotary

evaporator and vacuum oven used for

complete dryness. The concentrated
extracts were subjected to phytochemical
screening and Oral Glucose Tolerance
Test.

Phytochemical screening

The preliminary phytochemical screening

of bioactive compounds, including
carbohydrates, alkaloids, flavonoids,
steroids, phenols, tannins, saponins,

terpenoids, glycosides, and proteins were

carried out using standard protocols [14].

[ Crude powder of Alstonia scholaris leaves (1 kg) ]

Defat with petroleum cther

Petrolcum cther extraction (Soxhlet extraction)

Residue

Dry and concentrated in rotator evaporator till complete dryness

Filtrate

[ Solid residuc dried ]

[ Petrolcum cther extract-PEEAS (42 gm) ]

Re-extract with chloroform and filter

Residue

g

Dry and concentrated in rotator evaporator till complete dryness

Solid residuc dried

Re-extract with cthyl-acctate and filter

Filtrate

[ Chloroform extract-CEAS (82 gm) ]

Residue

Dry and concentrated in rotator evaporator till complete dryness

Solid residuc dned

l Filtrate |

v

[ Ethyl acctate extract -EAEAS (130 gm) ]

Re-extract with cthanol. filter and complete dry

¥

[ Ethanolic extract -EEAS (92 gm) }

Figure 1: Flow chart of extraction process

In-vitro Oral
(OGTT)
Experimental animals

Wistar albino rats (200-250 g) of either

glucose tolerance test

sex were procured from Zydus research

center (ZRC), Ahmedabad, India for the

experiment. The

(LMCP/P’Cology/19/10) of the

protocol
experiment was accepted by the
institutional animal ethical committee
(IAEC), and these experiments were

regulated as per the guidance of the
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Committee for the Purpose of Control
and Supervision of Experiments on
Animals (CPCSEA), Animal Welfare
Division, and New Delhi, India. Rats
were supplied water ad libitum and a
standard pellet diet according to their
weight of rats. They were kept at a
constant temperature of 22 + 1 °C,
relative humidity of 55 + 5%, and 12/12 h
light/dark cycle.

Experimental design

Male Wistar rats were divided into twelve
groups containing three animals in each
group as Group I: Vehicle control (VC)
treated with 0.9% saline (p.o.); Group II:
CEAS 200 mg/kg (p.o.); Group III:
CEAS 400 mg/kg (p.o.); Group IV:
CEAS 800 mg/kg (p.o.); Group V:
EAEAS 200 mg/kg (p.o.); Group VI:
EAEAS 400 mg/kg (p.o.); Group VII:
EAEAS 800 mg/kg (p.o.); VIII: EEAS
200 mg/kg (p.o.); Group IX: EEAS 400
mg/kg  (p.o.); Group X: EEAS 800
mg/kg (p.o.); Group XI: Standard drug
Metformin (MET) 200 mg/kg (p.o.);
Group XII: Standard drug Canagliflozin
(CANA) Img/kg (p.o.). The three test
doses  200mg/kg, 400mg/kg, and
800mg/kg were selected with the
reference of acute toxicity studies [15].
All these extracts were dissolved in

sodium carboxymethycellulose (CMC).

Study Protocol

OGTT was performed according to the
standard method [16]. Rats were starved
for 16 hours before being tested for
OGTT. The baseline glucose level was
measured using a glucometer (OneTouch
Select plus Simple, Lifescan medical
devices India Pvt Ltd). The different
extracts (Group II, III, IV, V, VI, VII,
VIII, IX, and X), and standard drugs
(Group XI, and XII) were then orally
administered to the respective groups.
After one hour of drug administration,
the rats were orally fed with glucose of
2g/kg, b.wt. At 30, 60, 90, 120, and 150
minutes, the serum glucose level of blood
from tail veins was assessed with a
glucometer.

Statistical analysis

All the data of fasting blood glucose
levels were expressed as the Mean +
SEM (Standard error of the mean).
Statistical analysis was performed by
student unpaired t-test comparison using
Graphpad Prism 8.01
(Graphpad, San Diego, CA). P < 0.05

software

was considered statistically significant.
RESULT:

Physiochemical assessment

The physicochemical assessment of raw
crude drugs is essential to identify their
purity. It revealed the presence of foreign

organic matter, total ash, acid insoluble
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ash, water-soluble extractives, and
alcohol extractive of plant drugs, within
the Ayurvedic pharmacopeia limits [17]
(Table 1).

Percentage yield

The yield values of all four extracts of A.
scholaris leaves are expressed in %yield
(w/w) (Table 2). Yields of extracts were
achieved by the soxhlet extraction method.
Phytochemical screening

Phytochemical screening of PEEAS,
CEAS, EAEAS, and EEAS was
performed according to the standard
method. The results of the preliminary
phytochemical screening are presented in
tabular form (Table 3). Phytochemical
constituents were predominant in EAEAS
and EEAS, including alkaloids,
flavonoids, steroids, and carbohydrates.
However, PEEAS does not contain any
constituents other than fixed oils and fats.

Thus, only three (CEAS,
EAEAS, and EEAS) were analyzed for

extracts

glucose homeostasis via OGTT in

normal Wistar rats.

The OGTT results after single oral
administration of CEAS, EAEAS, and
EEAS at a dose of 200, 400, 800 mg/kg,
p.o were represented as meantSEM
depicted in (Table 4). Blood glucoselevel
was represented in mg/dl. EAEAS and
EEAS at a dose of 400 mg/kg had
produced the maximum anti-
hyperglycemic effect. EAEAS showed a
significant (p<0.05) reduction in the
blood glucose level (BGL) at 30, and 60
min. EEAS significant

(p<0.05) BGL reduction at 30, 60, and 90

showed a

min as compared to vehicle control. The
standard drugs (Canagliflozin and
metformin) prevent a drastic rise in BGL
after 60 min of glucose administration.
On the other hand, CEAS did not show
any significant changes at any doses
compared to vehicle control. The fasting
blood glucose level of the vehicle control
group reached a peak at 30 min and
subsequently fell to the normal level. As

compared to vehicle control, all the

treatment groups showed similar anti-

Effect on oral glucose tolerance test hyperglycemic effects at 120 min
(OGTT) deferring significantly.
Table 1: Physicochemical assessment of A. scholaris leaves
S. No. Physicochemical parameter Obtained Value % (w/w) API limit
1 Foreign matter 0.62 NMT 2%
2 Total ash 6.85 NMT 11%
3 Acid -insoluble ash 2.2 NMT 3%
4 Water soluble extractive 18.5 NLT 12%
5 Alcohol soluble extractive 11.25 NLT 4%
(NMT-Not more than, NLT —Not less than)
2064
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Table 2: The percentage yield of different extracts of A. scholaris (leaves)
S. No. Extracts Colour Physical nature %Yield (w/w)
1. PEEAS Dark Green/Sticky mass Waxy greasy semisolid 4.240.33%
2. CEAS Dark Green/ Solid mass Solid 8.21+0.54%
3. EAEAS Green/ Thick solid mass Solid 131+0.36%
4. EEAS Dark green/ Thick solid Solid 9.3+0.71%

PEEAS Petroleum ether extract of A. scholaris ; CEAS Chloroform extract of A. scholaris ; EAEAS Ethyl acetate
extract of 4. scholaris ; EEAS Ethanol extract of 4. scholaris . All the values of % yield (w/w) were expressed in
terms of meantstandard deviation

Table 3: Qualitative chemical analysis of phytoconstituents of the various extracts of A. scholaris leaves

Plant constituents PEEAS CEAS EAEAS EEAS
Alkaloid - - + +
Flavonoid - - + +
Tannins - - - +
Phenolic compound - + - +
Saponins - - - +
Terpenoids - + - +
Carbohydrate - - + +
Steroid - + + +
Fixed oil and fat + - - -
+ = Present; - = absent
Table 4: Effects of CEAS, EAEAS, and EEAS on oral glucose tolerance test in normal rats
Blood glucose level (mg/dl)
Treatment Groups Initial 30 min 60 min 90 min 120 min 150 min
Vehicle Control 77.67+4.81 155.34+2.72 145.34+1.76 128.34+1.45 114.67£1.23 99.67+3.71
CEAS (200mg/kg) | 78.66 £1.76 | 150.67+1.45 136+ 2.64 129.34+3.52 116.67+1.2 92+2.31
CEAS (400mg/kg) | 74.34+3.38 152+2.64 136.34+1.76 125+1.52 114.34+1.21 91.67+2.96
CEAS (800mg/kg) | 77.67+4.91 150+1.15 141+2.08 128+2.08 114+2.8 99+5.68
EAEAS(200mg/kg) | 80.67+1.45 149.33+2.84 136+1.15 123+0.57 111+0.57 89.34+3.48
EAEAS 74.77+£3.25 | 145.33+£2.18" | 130.34+1.45 121.67+2.6 112.67+1.76 90.34+2.72
(400mg/kg)
EAEAS 79+3.78 149.34+4.05 138.34+2.02 126.23+1.61 114.67£1.76 | 100.56+0.98
(800mg/kg)
EEAS (200mg/kg) 80+4.58 150.67+2.34 135.34+1.76 124.34+1.26 108.67+1.2 91+2.51
EEAS (400mg/kg) | 77.67+3.17 140+2.517 127+3.21 116+1.52" 104.67+3.75 89.34+2.18
EEAS (800mg/kg) 77+£3.05 148.43+3.36 135.34+0.88 126.67+0.88 115.34+0.88 99.34+3.17
CANA (1mg/kg) 75.67+2.34 131+0.57° 123+£2.517 108.67+3.28" 99+4.51" 84.34+3.84
MET (200mg/kg) 79.67+5.23 139+2.08" 130+2.52 115.67+1.2° 101.67+2.34" | 90.67+4.67

st

The values are expressed in Mean = SEM, n=3 in each group. "P<0.05, "*p<0.01 and ""*p<0.001 significant difference
as compared with vehicle control followed by student unpaired t-test comparison

DISCUSSION
Glucose homeostasis is the foundation of
action

energy and balance

supply
between insulin and glycogen hormones
to maintain blood glucose levels [18].
The pancreas maintains blood glucose
levels within the range of 4-6mM [19].
Despite its important mechanism of
action its vital role and the threshold

between physiological requirements that

turn to the metabolic disorder remain
unknown [20]. Diabetes mellitus is a
metabolic disorder in which patients
suffer from persistent hyperglycemia for
the long term.  Therefore, the
development and investigation of new
substances with new strategies always
highlights the research. In the traditional
describes  the

system,  Ayurveda

trustworthy and reliable medicinal system

I9BPAS, May, 2023, 12(5)
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to use crude drugs as a powerful disease
healing property. It is observed that
screening of natural products has
medicinal benefits from the actions of
secondary metabolites that are present in
the extracts [21]. In this regard,
phytochemical screening and OGTT have
been shown potential hypoglycemic
effects. Phytochemical screening of four
solvent

different extractions (with

petroleum ether, chloroform, ethyl
acetate, and ecthanol) of leaves of A.
scholaris was carried out. Evaluation of
of A.

the anti-diabetic activity

scholaris ~ was  carried out in
streptozotocin-induced diabetic rats [22].
The  determination of  qualitative
phytochemicals by various chemical tests
that consider the presence of alkaloid,
flavonoid, terpenoid, phenol, and steroid
are major chemical constituents present
in CEAS (phenolic,
steroid) EAEAS (alkaloids, flavonoids,

and steroids) and EEAS (alkaloids,

terpenoid, and

flavonoids, and steroid) of A4. scholaris

leave. Some of these classes of
compounds have been implicated in the
anti-diabetic activity of the plants. They
also reported alkaloids, flavonoids, and
phenolics as bioactive constituents for
diabetic treatment [11]. Fortunately, A.
scholaris contains all these bioactive

constituents in reasonable quantities.

Therefore, phytochemical constituents o f
A. scholaris leaves may improve the
anti-hyperglycemic potential to manage
type two diabetes [12]. OGTT is usedas a
diagnostic test for type two diabetes [23].
It is also extremely used for gestational
diabetes. In our present work, we
demonstrate the hypoglycemic effect by
using OGTT which is an important
preliminary test in preclinical study.
OGTT is the indication of both insulin
secretion and insulin resistance in glucose
intolerance. It is the real-time in vivo
whole-body test that can be used to
identify the best treatment to prevent and
possibly delayto development of diabetes
mellitus. The non-toxic dose of A.
scholaris was up to 200mg/kg [24] when
it was administered orally while
100mg/kg showed toxicity with exhibited
damage to the major organ of the body
when it was administered by the
intraperitoneal route. We selected three
test doses with the reference of acute
toxicity studies is 200mg/kg, 400mg/kg,
and 800mg/kg of four different extracts
PEEAS, CEAS, EAEAS, and EEAS.
EAEAS and EEAS showed
hypoglycemic effects following single-
dose administration at 400mg/kg body
weight in normal rats. EAEAS at 30 min
and 60 min while EEAS at 30 min, 60

min, and 90 min showed a significant

I9BPAS, May, 2023, 12(5)
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reduction in blood glucose level after
glucose administration in normal rats.
Both are favorably competing against
standard drugs though 150 min the test
lasted. It prevents glucose-induced
hyperglycemia better than other extracts.
However, these suggest that both EEAS
and EAEAS produce anti-hyperglycemic
effects. In the future, long-term protocols
and fractionation of highly effective
extract may be helpful for the treatment
of diabetes mellitus.
CONCLUSION
The ethyl-acetate and ethanol extracts of
A. scholaris leaves at a dose of 400
mg/kg showed an anti-hyperglycemic
effect in the normal rats, which was
comparable to metformin and
canagliflozin. These  results are
suggesting that ethyl-acetate and ethanol
extract may show beneficial activity in
the diabetic condition.
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