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A B S T R A C T

Herbal remedies have been used in many cultures for decades to treat illnesses. These medicinal plants have been
found to contain various phytochemical compounds that can help to cure mild to severe illnesses. The in-
adequacies of conventional medicines and their unusual side effects sparked a determined search for alternative
natural therapeutic agents. Another reason for this hunt could be the availability and fewer side effects of natural
products. T. arjuna is widely used in traditional medicine to alleviate various diseases like relieving pain,
ameliorating diabetes, mitigating inflammation, and back-pedaling of depression. In this study, the ethanolic
extract of T. arjuna possesses a promising effect on the animal model (p < 0.05/p < 0.01) as an anti-
hyperglycemic, analgesic, anti-inflammatory, and antidepressant agent, but in a dose-dependent manner. The
lower dose of T. arjuna was found to be capable of reversing the disturbed physiological state at a significant level
(p < 0.05). However, a higher dose of T. arjuna exerts better therapeutic effects for those diseases. This animal
study aims to evaluate the anti-diabetic, anti-depressant, and anti-inflammatory properties of T. arjuna compared
to conventional marketed drugs. We will perform an in-silico study for active constituents of T. arjuna against
their proposed targets and look for the molecular cascade on their claimed pharmacological properties. This study
shows that different doses of T. arjuna bark extracts give similar therapeutic responses compared with established
marketed drugs in managing hyperglycemia, stress-induced depression, and inflammation. Besides, our docking
study reveals that flavonoids and triterpenoid active constituents of T. arjuna play an important role in its use-
fulness. This study, therefore, scientifically confirmed the traditional use of this medicinal plant in the manage-
ment of several diseased conditions.
1. Introduction

Humans have a deep and fascinating history of diseases. Since the
dawn of the history of mankind, lethal and life-threatening diseases have
been known to occur.Peoples suffering from the severity of the diseases
Jahan).
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environmental factors and food habits, nowadays, people are more sus-
ceptible to diseases like diabetes, depression, etc., and the rate is
increasing day by day [1, 2]. Diabetes mellitus (DM) is a clinical and
endocrinological disorder associated with prolonged hyperglycemia,
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raised glycated hemoglobin, and higher complexity on comorbid condi-
tions [3, 4]. It was evaluated that 200 million individuals worldwide
experienced DM in 2010, and it is estimated to arrive at 300 million by
2025 [5]. Depression is an extensive, multifactorial psychiatric ailment
that intervenes with an individual's daily routine. World Health Orga-
nization alerts that depression could be the second-most reason for the
global disability in 2020 and could impact the weight of diseases by 2030
[6].Acute to chronic pain is also a global concern as it increases patients'
distress and long-term pain management is similarly expensive as cancer
or heart diseases [7]. Apart from that, inflammation is closely linked with
pain. Inflammation, the most common adaptive response of the body,
involves eliminating harmful agents and removing damaged tissue parts
to promote the healing process of the affected tissues, organs, or systems
[8, 9]. These chronic diseases are alarming to the socio-economy of a
nation and claim up to 75% of health care expenditure. By 2030, low and
middle-income countries may spend 5% of GDP on chronic diseases,
including diabetes and heart diseases [10].

Approximately 65–80% of the human population is largely dependent
on consuming plant kingdom for their primary healthcare needs [11]
owing to poverty, rising costs of conventional medicine [12], effective-
ness, minimal side effects [13], and lack of available therapeutic alter-
natives [14]. In recent years, because of medicinal plants' great and
unique biodiversity, their extracts in the invention of several natural
medicines in treating different diseases have become increasingly pop-
ular. Medicinal plants contain a vast number of bioactive constituents
responsible for giving diversified pharmacological effects. So, we may
use a single plant to treat different types of diseases like depression and
diabetes. Additionally, genetic modification can be implemented in
plants to enhance the concentration of desired constituents [15].

Terminalia arjuna Roxb. (Combretaceae), one of the medicinally
important large evergreen deciduous trees [16], is commonly found
throughout the Indian subcontinent, Sri Lanka, Myanmar, and Mauritius
forest [17, 18]. The different parts of the T. Arjuna such as stem bark,
leaves, and fruit are widely used in traditional medicines to lower blood
glucose [19], strengthen heart muscles, promote cardiac function, regu-
late blood pressure [20], cleanse sores, ulcers, or wounds as an astringent
[14], treat rheumatoid arthritis or cancer [21]. The plant has been re-
ported to possess antioxidant [22], antibacterial [23], antimicrobial [24],
antifungal, anti-inflammatory [14], hepatoprotective [25], antitussive
[26], antipyretic, anti dysentery [27] and abnormal platelet activity
[28].Several studies showed that flavonoids in T. Arjuna gave satisfactory
responses antihyperglycemic, analgesic, and antioxidant function while
triterpenoids supply cardio-protective activity [29, 30, 31].In the present
study, we aimed to exercise manifold test batteries to assess the thera-
peutic efficacy of T. Arjuna against several diseases. We also aimed to
perform in-silico analysis to observe an interaction between natural li-
gands of T. Arjuna and few targets relevant to diabetes mellitus, cardio-
vascular, and inflammatory diseases. Satisfactory output regarding
therapeutic activity may provide such influential justification so that the
scientist may go for further study to isolate the therapeutic constituents
and apply more precise and accurate components to mitigate the
respective disease.

2. Method and materials

2.1. Plant collection and extract preparation

The Terminalia arjuna bark was collected from the garden of the
Department of Pharmacy, University of Dhaka.The specimen was then
certified by the Department of Pharmacy, University of Dhaka.

The wet T. Arjuna bark was air-dried and powdered coarsely. The
powdered bark was then extracted with 50% ethanol for several days.
The extract was filtered after every three days. The obtained extract was
dried in a rotary evaporator at low temperature and pressure. Finally, the
crude residue was used to conduct required pharmacological tests.
2

2.2. Botanical authentication

According to the rules of our National Herbarium, we deposited the
sample of each part of our plant species, and the herbarium authority
took the necessary steps. But due to the sudden devastating wave of the
pandemic, the authority made the institute restrict the outsiders for a
long time. For all these reasons, we couldn't receive the botanical
authentication (accession number) yet.

2.3. Drugs and chemicals

Alloxan and Carrageenan were bought from the sigma company, USA.
Standard anti-diabetic drug Metformin, anti-inflammatory drug
Ibuprofen, analgesic drug Aspirin And antidepressant drug Citalopram
were obtained from Incepta Pharmaceutical Ltd. as a gift sample. Acetic
acid was procured from Chemical.co.uk.

2.4. Experimental animal procurement, nursing, and grouping

Total 630 male rats weighing between (120–150) gm were purchased
from Jahangirnagar University, Savar, Dhaka, Bangladesh. Each of them
was kept in the Institute of Nutrition & Food Science in a well-controlled
environment (temperature 25 � 3 �C, relative humidity 55 � 5%, and 12
h light/dark cycle) at the University of Dhaka. They were treated with a
standard eating regimen and permitted admittance to cleaned water. All
of the animals were kept in this environment for at least one week before
the experiment. All of the experimental methods were performed ac-
cording to the Institutional Animals Ethics Committee (IEAC).

Six hundred thirty rats were constantly dispensed to 63 groups of ten
rats in each. In all experiments, rats were randomly picked for each
group. The sample size of each group was calculated by following Eq. (1).

Initially, we took 490 rats that were constantly dispensed to 49
groups. After Completing the assessment of anti-diabetic, anti-depres-
sant, anti-inflammatory, and analgesic activity, then we took 140 rats
again, and intending to predict the mechanism of action of anti-diabetic
properties of plant extract; we assessed the insulin level and Liver
glycogen content of those rats after treating them with the respective
specimen.

2.5. Animal model sample size detection

We applied the Power "Analysis Method" for the calculation of sample
size (shown in Eq. (1)) in every single animal model study. There is a
formula to carry out the calculation manually. This formula is given
below [32].

Sample size ¼ 2 SD2 (Zα/2 þ Zβ)2/d2 (1)

where Standard deviation ¼ from previous studies or pilot study.
Zα/2¼ Z 0.05/2¼ Z 0.025¼ 1.96 (From Z table) at type 1 error of 5%
Zβ ¼ Z 0.20 ¼ 0.842 (From Z table) at 80% power
d ¼ effect size ¼ difference between mean values.
Expected attrition/death of animals: We adjusted the final sample size

for expected attrition. According to our previous experience, we observed
that 10% of rats might die after treating them with alloxan. So we
calculated the sample size by dividing the whole by 0.9 to get the actual
sample size.

For the pilot study, we took five rats and used them as Diabetic
Control (alloxan-induced group). According to the calculation mentioned
above, we took five rats in every single pre-clinical study.

After injecting alloxan at a dose of 150 mg/kg body weight through
the intraperitoneal route; we keep the rats untreated for four weeks to
increase blood glucose levels significantly.

After four weeks, the mean value of blood glucose was found 24.74
mmol/L and a Standard deviation: 5.17.
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According to our previous study, it can be assumed that; if the mean
blood glucose level will be found 18.05 mmol/L after treatment with the
extract, then it can be estimated that the plant extract can significantly
reduce the elevated blood sugar level (p < 0.05).

The standard deviation of the Pilot study: 5.17.
Zα/2 ¼ 1.96, Zβ ¼ Z 0.20 ¼ 0.842, d ¼ 24.74-18.05 ¼ 6.85.
So, Sample size ¼ 2 SD2 (Zα/2 þ Zβ)2/d2 ¼ 2� (5.17)2� (1.96 þ

0.842)2/(24.74-17.906)2 ¼ 8.98.
Now we have to adjust the final sample size for expected attrition.
So our sample Size will be¼ 8.98/0.9¼ 9.98. For this reason, we took

ten rats [32].
Our rats were bred in the animal house during the pandemic lock-

down, and the lab curator was the only one who was taking care of the
animal, and we, the researcher, visited the lab twice a week. Apart from
the pandemic time, we used to monitor the rat every day throughout
breeding time. Most probably, some factors affecting issues regarding the
pandemic situation can influence the elevation of sample size. According
to our calculation, to bring about more validity in our experiment, we
need to take 10 rats per group.

2.6. Dose selection for respective study

A pilot study was conducted before initiating the study. It was
observed that the test extract started showing pharmacological activity at
dose 500 mg/kg, indicating the minimum effective concentration (MEC)
value at above 500 mg/kg. In addition, the activity was continuous with
the increase of dose. Finally, when the dose was increased from 1000
mg/kg to 1200 mg/kg, the effect didn't increase much. It indicates the
receptors associated with concern pharmacological activity started get-
ting saturated at a dose of 1000 mg/kg. Also, the doses of standard drugs
were selected in the same manner.

2.7. Evaluation of anti-diabetic activity

For this experiment, 140 rats were randomly picked and equally
divided into fourteen groups.

Group Group Treatment Dose Abbreviation of

Number
 Specification
 species
 Treatment

species
(mg/kg)
Groups
1
 Negative
Control
Physiological
Saline
10 ml/kg
 N
2
 Alloxan Control
 N/A
 N/A
 A
3
 Alloxan þ
Metformin
Metformin
 100
 A þ M100
4
 Alloxan þ
Metformin
Metformin
 250
 A þ M250
5
 Alloxan þ
Metformin
Metformin
 500
 A þ M500
6
 Alloxan þ
Terminalia
arjuna
Terminalia
arjuna
500
 A þ TA500
7
 Alloxan þ
Terminalia
arjuna
Terminalia
arjuna
750
 A þ TA750
8
 Alloxan þ
Terminalia
arjuna
Terminalia
arjuna
1000
 A þ TA1000
9
 Metformin
 Metformin
 100
 M100
10
 Metformin
 Metformin
 250
 M250
11
 Metformin
 Metformin
 500
 M500
12
 Terminalia
arjuna
Terminalia
arjuna
500
 TA500
13
 Terminalia
arjuna
Terminalia
arjuna
750
 TA750
14
 Terminalia
arjuna
Terminalia
arjuna
1000
 TA1000
3

Alloxan was administered in the rats of the group (2–8) at a dose of
150 mg/kg through an intraperitoneal route to induce diabetes [33]. On

the other hand, alloxan was not injected in the rats of groups 1 and 9–14.
Later, blood glucose level was measured in all groups to check whether
diabetes was induced or not. The duration of treatment was six weeks,
and blood glucose level was measured once a week in the fasting con-
dition. Both the drugs and the extracts were given orally.

2.8. Evaluation of anti-depressant activity

Overnight starved rats were chosen arbitrarily for the experiment for
the administration of vehicle, standard medication, and test extract.
Depression was induced in rats by infusing reserpine for 14 consecutive
days at a dose of 0.2 mg/kg.

Group Group Treatment Dose Abbreviation of

Number
 Specification
 species
 Treatment

species
(mg/kg)
Groups
1
 Negative
Control
Physiological
Saline
10 ml/kg
 N
2
 Reserpine
 N/A
 N/A
 R
3
 Reserpine þ
Citalopram
Citalopram
 5
 A þ C5
4
 Reserpine þ
Citalopram
Citalopram
 10
 A þ C10
5
 Reserpine þ
Citalopram
Citalopram
 15
 A þ C15
6
 Reserpine þ
Terminalia
arjuna
Terminalia
arjuna
500
 A þ TA500
7
 Reserpine þ
Terminalia
arjuna
Terminalia
arjuna
750
 A þ TA750
8
 Reserpine þ
Terminalia
arjuna
Terminalia
arjuna
1000
 A þ TA1000
9
 Citalopram
 Citalopram
 5
 C5
10
 Citalopram
 Citalopram
 10
 C10
11
 Citalopram
 Citalopram
 15
 C15
12
 Terminalia
arjuna
Terminalia
arjuna
250
 TA500
13
 Terminalia
arjuna
Terminalia
arjuna
500
 TA750
14
 Terminalia
arjuna
Terminalia
arjuna
750
 TA1000
2.9. Tail suspension test

A discernible behavioral model declared as the tail suspension test is
generally operated to appraise anti-depressant corollary in rats [34].
Each rat's immobilizing condition was independently perceived by sus-
pending the body base up position noticeable in the air where tail on a
wire adjusted utilizing tacky tape. After early fierce, combative move-
ment to get away from the unpleasant position, the rodent hangs latently
and out peaceful by abating to twist and curl. A thorough manual process
of around 6 min is used to track the whole episode of immobility. The
reduced unmoving period was checked after 21 days of anti-depressant
implementation.

2.10. Sucrose preference test

The depression states in rats can be assessed by a basic sucrose
preference test (SPT) in which rats have access to water and the solution
sweetened with sucrose, and the preference rates were then analyzed.
Notwithstanding setting up and completing SPT, a reasonable trigger to
actuate depression is required. After seven days of reserpine-induced
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depression, all rats were given 1 h of admittance to one container of 1%
(w/v) sucrose solution and one container of standard water. Each tube is
weighed before and after the test. This test quantifies the amount of
sweet-tasting sucrose that the rats ingest across a fixed period. In the SPT,
disorders of reward behavior are characterized as a decrease in sucrose
preference ratio obtained during the preference test, compared with a
control group. The reclamation of sucrose preference was uncovered
after 21 days of anti-depressant usage.
2.11. Evaluation of anti-inflammatory activity

Carrageenan was used to induce inflammation in the rodents to
examine the anti-inflammatory activity of the reference drug and the
extract of T. Arjuna. The percentage of inhibition of inflammatory
mediation wasmeasured by collecting rat's paw before and after injection
shown in Eq. (2).

Group Group Treatment Dose Abbreviation

Number
 Specification
 species
 Treatment

species
(mg/kg)
of Groups
1
 Negative
Control
Physiological
Saline
10 ml/kg
 N
2
 Carrageenan
Control
N/A
 N/A
 Car
3
 Carrageenan þ
Ibuprofen
Ibuprofen
 10
 Car þ Ib10
4
 Carrageenan þ
Ibuprofen
Ibuprofen
 20
 Car þ Ib20
5
 Carrageenan þ
Ibuprofen
Ibuprofen
 25
 Car þ Ib25
6
 Carrageenan þ
Terminalia
arjuna
Terminalia
arjuna
500
 Car þ TA500
7
 Carrageenan þ
Terminalia
arjuna
Terminalia
arjuna
750
 Car þ TA750
8
 Carrageenan þ
Terminalia
arjuna
Terminalia
arjuna
1000
 Car þ TA1000
9
 Ibuprofen
 Ibuprofen
 10
 Ib10
10
 Ibuprofen
 Ibuprofen
 20
 Ib20
11
 Ibuprofen
 Ibuprofen
 25
 Ib25
12
 Terminalia
arjuna
Terminalia
arjuna
500
 TA500
13
 Terminalia
arjuna
Terminalia
arjuna
750
 TA750
14
 Terminalia
arjuna
Terminalia
arjuna
1000
 TA1000
2.12. Carrageenan-induced acute inflammatory model

The habitually utilized technique for deciding the effectiveness of
anti-inflammatory agent is Carrageenan prompted rodent paw edema
to examine [35, 36]. A special kind of instrument called a plethys-
mometer was utilized to perform the anti-inflammatory test. Initially,
the Paw volume of each rodent was taken. After 30 min of the
administration of various doses of the test drug and extracts, 1% of
the freshly formulated carrageenan solution was infused into the sub
plantar tissue of the left rear paw rat at a dose of 0.1 mL per 100 g
body weight to incited edema. Estimating the paw volume was car-
ried out at 0, 20, 40, 60, 80, 100, 120, 140, 160, 180 min after
infusion of Carrageenan utilizing a plethysmometer. The rate of the
hindrance of edema was then determined using the accompanying
formula [35, 36].
4

Percentage Inhibition¼Vt � V0

V0
� 100 (2)
Here.
Vt ¼ volume of animals' paw after injection.
V0 ¼ volume of animals' paw before injection.

2.13. Evaluation of analgesics activity

The rodent is stimulated with pain through the acetic acid-induced
writhing test and tail-flick method. Percent of writhes, one of the pa-
rameters to demonstrate analgesic activity was calculated by following
Eq. (3).

Group Group Treatment Dose Abbreviation

Number
 Specification
 species
 Treatment

species
(mg/kg)
of Groups
1
 Acetic Acid
Control
Physiological
Saline
10 ml/kg
 Ace
2
 Acetic Acid þ
Aspirin
Aspirin
 100
 As100 þ Acetic
Acid
3
 Acetic Acid þ
Aspirin
Aspirin
 150
 As150 þ Acetic
Acid
4
 Acetic Acid þ
Aspirin
Aspirin
 200
 As200 þ Acetic
Acid
5
 Acetic Acid þ
Terminalia
arjuna
Terminalia
arjuna
500
 TA500 þ Acetic
Acid
6
 Acetic Acid þ
Terminalia
arjuna
Terminalia
arjuna
750
 TA750 þ Acetic
Acid
7
 Acetic Acid þ
Terminalia
arjuna
Terminalia
arjuna
1000
 TA1000 þ
Acetic Acid
2.13.1. Acetic acid-induced writhing test
Writhing test intervened by acidic acid was utilized to identify pe-

ripheral analgesic activity [37, 38]. Plant extract and test drug (Aspirin)
was administered 30 min before the intraperitoneal conveyance of acidic
acid. The intraperitoneal injection of 1% acidic acid (10 ml/kg) was
offered to ascend to the writhes in rats. The number of writhes (muscular
contraction ions) was accounted for across a time of 20 min, beginning at
5 min after infusion of acidic acid. Comparing the number of writhes of
each group with the control group, the percent decrease of writhes counts
was resolved demonstrated as follows [38]:

�
A:Controlmean� Treatmentmean

AControlmean

�
� 100 (3)

where T Control ¼ the mean number of the writhing of each test group.
A Control ¼ The mean number of the writhing of acetic acid control

groups.
The analgesic activity of the extract is then also assessed via the "Tail

Flick Method" on the same experiment rat model after giving a break for
seven days. The effect of injected acetic was terminated by this time.

Group Group Treatment Dose Abbreviation

Number
 Specification
 species
 Treatment

species
(mg/kg)
of Groups
1
 Tail Flick Stress
(control)
Physiological
Saline
10 ml/kg
 TFS
2
 Aspirin þ Tail
Flick Stress
Aspirin
 100
 As100 þ TFS
3
 Aspirin þ Tail
Flick Stress
Aspirin
 150
 As150 þ TFS
(continued on next page)
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(continued )
Group
Number
Group
Specification
Fi
Treatment
species
gure 1. Body w
Dose
Treatment
species
(mg/kg)
eight of rats of
Abbreviation
of Groups
4
 Aspirin þ Tail
Flick Stress
Aspirin
 200
 As200 þ TFS
5
 Terminalia
arjuna þ Tail
Flick Stress
Terminalia
arjuna
500
 TA500 þ TFS
6
 Terminalia
arjuna þ Tail
Flick Stress
Terminalia
arjuna
750
 TA750 þ TFS
7
 Terminalia
arjuna þ Tail
Flick Stress
Terminalia
arjuna
1000
 TA1000 þ TFS
2.13.2. Tail flick method
An accessible method familiar as the tail-flick assay portrayed by Love

and Smith, 1941 [39] is utilized to appraising assessing pain-relieving
personal behavior patterns, making slight variety simultaneously. Oper-
ating a radiant heat programmed tail-flick analgesiameter (UGOBASILE®,
Germany), response latencies of the rats are estimated. The nichromewire
of the device was warmed to a suitable temperature and kept up with the
assistance of heat controllers, where a consistent current of 4 Amps is
coursed through the exposed nichrome. Here, radiant heat is given to the
tail of the mice 5 cm away from the tip of the tail to provoke discomfort.
Response time has been documented for control rats or animals treating
with a test medication and plant extract. The test was dispatched at 0, 0.5,
1, 1.5, 2, 3, 4, 6, and 8 h after the use of the test substance. Once more, the
rats were noticed for contemplating remaining activity following 24 h.
2.14. Statistical analysis

All our findings (raw data) belong to several groups regarding
numerous research parameters recorded and analyzed on a broadsheet
usingMS excel program. Data were subjected to descriptive statistics, and
results were represented as mean � SD. We employed the "One Way
Anova Test" of SPSS 1600 software for interpreting the inter-group het-
erogeneity in terms of diverse biological parameters to determine the
14 groups before and

5

statistical significance. We consider the events as statistically significant
while the 'p' value was detected as less than 0.05 (p < 0.5).

2.15. Experimental guideline

All experiments were performed according to the ethical standards
laid down in the Declaration of Helsinki 2013. Animals were handled and
treated according to the principles of the Swiss Academy of Medical
Sciences and Swiss Academy of Sciences. Animals were euthanized ac-
cording to the Guidelines for the Euthanasia of Animals: 2013 edition.

2.16. Ethical approval for this study

We obtained ethical approval from the Research Ethics Committee of
the Department of Pharmaceutical Chemistry, Faculty of Pharmacy,
University of Dhaka, Bangladesh. All of the experiments of this study
were done under their supervision.

3. Results

A significant elevation of body weight was observed after administering
T. arjuna extract in alloxan-induced diabetic rats [Figure 1]. In the negative
control group, an escalation in body weight was obtained at the final stage.
However, alloxan treatment prompted a decrease in terminal body weight
in the positive control group. Though groups receiving metformin in low
dose, medium dose, and high dose following alloxan induction imitated the
weight-reducing pattern as displayed by the positive control group, a
reversal of Alloxan mediated bodyweight decline was reported upon
treatment with different doses of T. arjuna extract. Groups fed with only
plant extract followeda similar trend as the negative control group,whereas
a contrasting scenario was observed in groups given metformin only.

The difference between the positive control and negative control
curves demonstrated statistically significant data (p � 0.05) [Figure 2].
In the former case, the curve was a straight line, while the curve for the
Alloxan-induced group was found to be higher than the normal level
representing a hyperglycemic condition.

The SGPT level of the alloxan-treated group was increased to a higher
level than that of the negative control [Figure 3].

A striking contrast was seen in the SGOT level of positive control and
negative control group [Figure 4]. SGOT levels were negotiably higher
after completing the experiment in diabetic rats.



Figure 2. The blood glucose level (mmol/dl) of rats of 14 groups after receiving 42 days of respective treatments. The data were expressed as mean � standard
deviation. (*indicates statistically significant change).
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for T. Arjuna treated diabetic rats in comparison to metformin-treated
diabetic rats.

Both drug and extracts showed statistical significance and ensured the
effectiveness of T. arjuna extract [Figure 5]. No significant deviation
could be spotted from the negative control group in the creatinine level
yielded by the remaining six non-alloxan induced groups.

A large increase in the urea level was displayed by the positive control
group, which was in stark contrast with the negative control group
[Figure 6].

Supplementation of Alloxan successfully elevated cholesterol
levels in all groups except the first one (negative control group)
Figure 3. SGPT (U/L) Level of rats from 14 groups. The data were expressed a

6

[Figure 7]. A dose-dependent fall in total cholesterol level was noted
following the treatment of diabetic rats with both metformin and
plant extract.

In stark contrast with that of the negative control group, the positive
control group was yielding a higher level of LDL following alloxan
administration [Figure 8].Treatment of diabetic rats with either met-
formin or T. arjuna extract in differing doses effectively reversed alloxan
mediated rise in LDL level to normal.

Induction of diabetes lowered the HDL level like plasma periostin
[40] in the diabetic specimen. T. arjuna extract successfully increased the
HDL level in a dose-dependent manner [Figure 9].
s mean � standard deviation. (* indicates statistically significant change).



Figure 4. SGOT (U/L) Level of rats from 14 groups. The data were expressed as mean � standard deviation. (* indicates statistically significant change).

Md.R. Tahsin et al. Heliyon 7 (2021) e08225
Anoticeable difference has beenobserved in the triglyceride level of the
positive and the negative control groups, as evident from the elevated
triglyceride level after rats were subjected to alloxan induction [Figure 10].

It has been observed that level of insulin was increased significantly
(p < 0.05) in diabetic rats after a six weeks treatment with extract in 3
different doses. In contrast, no significant changewas found in the insulin
level of rats that belonged to other groups. Also, the liver glycogen
content was increased significantly in the same groups and non-
significant change.

In the sucrose preference test, rats of the positive control group have
demonstrated a substantial decline in the desire for sucrose, which in-
dicates the depressive state of rodents [Figure 11].
Figure 5. Creatinine (mg/dl) Level of rats from 14 groups. The data were express

7

In the tail suspension test, a significant statistical difference was
detected in the treatment groups after administering test extract and the
standard drug, as the rate of immobility was found to be decreased
[Figure 12].
3.1. Anti-inflammatory response

A statistically significant difference was observed in edema condi-
tions between the positive control group and treatment groups. Like the
standard drug, T. arjuna extract significantly reduces edema formation in
low, medium, and high doses [Table 1].
ed as mean � standard deviation. (* indicates statistically significant change).



Figure 6. Urea (mg/dl) Level of rats from 14 groups. The data were expressed as mean � standard deviation. (* indicates statistically significant change).
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3.2. Analgesic activity of Terminalia arjuna

T arjuna extract was observed to reduce the abdominal contraction
induced by acetic acid but in a dose-dependent manner [Table 2]. Low
dose of extract reduced the pain, but medium and high doses cause a
significant reduction in pain, whereas Aspirin reduced the pain signifi-
cantly in low, medium, and high doses.

A high dose of T. arjuna produced statistically significant data (P <

0.01) after 45 min than the low and medium dose of the extract (P <

0.05). On the contrary, the standard drug produced high significant data
in both medium and high doses [Table 3].
Figure 7. Total Cholesterol (mg/dl) Level of rats from 14 groups. The data were expr
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4. Discussion

4.1. Anti-diabetic activity of Terminalia arjuna

Diabetes is one of the major health problems that affect the major
population worldwide. A wide range of tests is available to assess
diabetes in the rat model. Due to the relative affordability and
availability, alloxan is being used widely for inducing DM in an ani-
mal model [41, 42, 43]. The anti-diabetic, anti-inflammatory, anal-
gesic, and anti-depressant activity of T. arjuna were evaluated in this
study.
essed as mean � standard deviation. (* indicates statistically significant change).



Figure 8. LDL (mg/dl) Level of rats from 14 groups. The data were expressed as mean � standard deviation. (* indicates statistically significant change).
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In Figure 1, a significant elevation of body weight was observed after
administering T. arjuna extract in alloxan-induced diabetic rats. A similar
result was observed after administering Aloe megalacantha Baker extract,
Sigesbeckiaorientalis, Panicum maximum, Anacardium occidentale L, Rici-
nuscommunis, Chloroxylonswietenia, Perseaamericana, and Tithoniadiversi-
folia [44, 45, 46, 47, 48, 49] but, T. arjuna extract was observed to show a
better result than Calpurnia aurea leaves [50].

In Figure 2 Blood glucose levels dropped significantly following the
treatment of the alloxan-induced rats with T. Arjuna extract in low, me-
dium, and high doses. Groups treated with metformin following induc-
tion of diabetes exerted a similar behavioral pattern like the (alloxan þ
Figure 9. HDL (mg/dl) Level of rats from 14 groups. The data were expressed
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T. Arjuna extract) treatment group revealing a gradual decline in blood
glucose level. Metformin was shown to exert better results than the test
extract at the same dose, as test extract is assumed to contain less amount
of active compound responsible for reducing blood glucose level. The
reducing pattern is also different in different doses of test extract. As we
can see in the graph, a high dose (1000 mg) results in a drastic fall in
blood glucose level, where a low dose (250 mg) causes a gradual
decrease. Administration of non-alloxan induced groups with only plant
extract or only drug did not result in marked fluctuation compared to the
negative control group as all the curves were found to be overlapped with
the negative control curve, declaring the fact that neither the drug nor
as mean � standard deviation. (* indicates statistically significant change).



Figure 10. Triglyceride (mg/dl) Level of rats from 14 groups. The data were expressed as mean � standard deviation. (* indicates statistically significant change).
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the plant is associated with any hazardous effects. Similar effects were
observed in the case of Calpurnia aurea leaves, Zizyphus mauritiana, Aloe
megalacantha bark extract Sigesbeckia orientalis. Panicum maximum, Ana-
cardium Occidentale L, Ricinus communis, Chloroxylon swietenia, persea
Americana, Catharentus roseus, Eucalyptus globulus, Sargassum longiotom,
Streblus asper and Sedum adenotrichum [3, 39, 41, 42, 43, 45, 47, 48, 49,
50, 51, 52].

In Figure 3, a dose-related lowering of SGPT level was demonstrated
upon treatment of the alloxan-induced rats with metformin or plant
extract though the lowering effect was slightly greater in the case of
metformin as compared to the plant. The SGPT levels of the other six non-
Figure 11. Comparison of Sucrose water intake before the treatment and
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alloxan treated groups didn't deviate much when we made a comparison
with the negative control group nullifying any possibility of severe effects
to occur upon ingestion of metformin or the plant. Similar results were
obtained in the case of Anacardium occidentale L, Sargassum longiotom,
Tithonia diversifolia, and Streblus asper [49, 52, 53, 54].

In Figure 4, both the treatment groups produced a reversal of alloxan
mediated rise in the SGOT level, exhibiting a gradual decline at low,
medium, and high doses of metformin and plant extract individually. The
rest of the groups treated individually with only metformin or only plant
extract demonstrated no significant fluctuation with the negative control
group in SGOT values. Therefore, it could be concluded that metformin
after administering the drug/extract in rats belonged to 14 groups.



Figure 12. Comparison of Immobility time in seconds belonged to 14 groups before the treatment and after administering the drug or extract in rats.
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or the plant appeared to be free from any significant detrimental effects.
Similar results were also obtained after the administration of Anacardium
occidentale L, Sargassum longiotom, Tithonia diversifolia and Streblus asper
[49, 52, 53, 54].

In Figure 5, upon alloxan administration, the creatinine level was
increased to an elevated position than that of the negative control. The
introduction of metformin in low, medium, and high doses to alloxan-
induced rats effectively lowered creatinine levels gradually. Though
groups treated with plant extract exhibited a similar trend in declining
the creatinine level, the effects were slightly weaker than metformin.
Similar effects were obtained in the case of Zizyphusmauritiana, Ana-
cardiumoccidentale L., Ricinuscommunis, Chloroxylonswietenia, Perseaa-
mericana, Catharentusroseus, Eucalyptus globulus, and Sedum adenotrichum
[3, 47, 48, 52, 55, 56].

In Figure 6, treatment with various doses of metformin following
alloxan administration culminated in a huge drop in urea level. The other
three treatment groups who received plant extract in three different
doses also opposed the alloxan-mediated elevation of urea level. How-
ever, the reversal caused by plant extract appeared to be slightly less
potent than metformin. The urea level values noted from the rest of the
groups fed with only metformin or only plant extract were much closer to
that of the negative control group, evidencing no severe effects when
metformin or plant extract is administered. Similar effects were observed
in the case of Zizyphus mauritiana, Anacardium occidentale L, Richinus
communis, Persea americana, Catharentus roseus, Eucalyptus globulus, and
Sedum adenotrichum [45, 46, 47].

In Figure 7, metformin and plant extract treatment groups exerted
almost the same pattern of response. Still, if a comparison is drawn be-
tween the two groups, a slightly better outcome was found in groups fed
with metformin. Besides, better result was observed in the high dose of
drugs in case of both treatment groups. The total cholesterol values
yielded by the remaining non-alloxan induced groups were reported to be
lying close to that shown by the negative control group nullifying the
possibility of occurrence of prominent side effects upon administration of
either the drug or the plant. Similar effects were observed in the case of
Zizyphusmauritiana, Sigesbeckiaorientalis, Anacardium occidentale L,
Chloroxylonswietenia, Perseaamericana, Catharentusroseus, Eucalyptus
globulus, Sargassumlongiotom, Streblusasper, and Sedum adenotrichum [3,
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45, 47, 48, 50, 53, 55, 56] but, T. arjuna extract was observed to be more
potent than Calpurnia aurea leaves [49].

In Figure 8, the lowering of LDL was slightly more pronounced in
metformin-fed groups compared to groups receiving plant extract. The
rest of the groups receiving only metformin or only plant extract
exhibited LDL values closer to the negative control group discarding any
significant possibility of lethal effects to occur following the ingestion of
metformin or plant. Similar effects were observed in the case of Zizy-
phusmauritiana, Sigesbeckiaorientalis, Anacardium occidentale L., Chlorox-
ylonswietenia, Streblusasper, and Sargassumlongiotom [44, 47, 49, 52, 54,
55]. A similar effect was obtained from Calpurnia aurea leaves, Aloe
megalacantha extract, Forsythia suspense, and Cynodon dactylon, etc [44,
50, 51, 57]. In Figure 10, a comparison between the positive control
group and the groups fed with metformin or the plant extract displayed a
contrasting behavior as both treatment groups could effectively reverse
the rise of triglyceride level upon alloxan induction towards normal
values. The triglyceride level demonstrated by the rest of the non-alloxan
fed groups didn't fluctuate much from the triglyceride value of the
negative control group. Therefore, it could be discerned that neither
metformin nor the plant has any massive association with lethality.
Similar effects were observed in the case of Ziziphus mauritiana, Aloe
megalacantha, Sigesbeckia orientalis, Anacardium occidentale L, Chloroxylon
swietenia, Persea Americana, Sargassum longbottom and Sedum adeno-
trichum [39, 41, 47, 48, 49, 50, 51].

In the assessment of insulin level, it has been evidenced that the plant
extract may significantly increase the insulin level. Consequently, the
liver glycogen content was also increased significantly in the diabetic
groups after treating with plant extract. Both these phenomena may
conclude that the treatment of plant extract may increase the secretion of
insulin.

In our study, it has been observed that blood sugar levels were not
declined due to diminished intake of food. The destructive effects of
alloxan cause cellular atrophy and initially reduce the body weight in all
alloxan-treated rats. On the contrary, after treating the rat with extract
(both diabetic and non-diabetic), the body weight of rats was increased
as like as rats belong to other groups. So the mechanism of action of
anti-diabetic activity may not associate with loss of appetite. Apart from
that, serum insulin level was significantly increased in groups 6,7, and



Table 1. Assessment of anti-inflammatory activity of Terminalia arjuna extract and Ibuprofen through paw edema test in a rat model (* presents the level of significance
of result). Here, the percentage of inhibition of inflammatory mediation was measured by collecting rat's paw before and after injection shown in Eq. (2).

Group Time

0 Minute (Just before
carrageenan injection)

1 hour (just before
treatment)

2 Hours 3 hours 4 hours

N.C 116.28 � 2.68 116.24 � 2.49 116.28 � 2.68 116.28 � 2.68 116.28 � 2.68

Car 117.28 � 5.05 145.06 � 3.67 159.82 � 4.98 171.38 � 2.21 184.54 � 4.83

Car þ Ib10 114.9 � 1.86 143.5 � 4.14 132.44 � 13.3** (17.1%) 122.08 � 2.21** (28.77%) 118.32 � 6.10** (35.88%)

Car þ Ib20 119.54 � 3.51 151.62 � 4.77 127.48 � 4.58** (20.23%) 120.12 � 5.82** (29.9%) 117.02 � 5.96** (36.59%)

Car þ Ib25 114.2 � 4.17 150.76 � 3.55 122.16 � 7.14** (23.56%) 117.02 � 4.73** (31.72%) 114.42 � 4.17**
37.99%

Car þ TA500 117.86 � 5.15 142.8 � 4.92 136.5 � 2.56** (14.59%) 126.34 � 3.58** (26.28%) 122.98 � 3.62** (33.36%)

Car þ TA750 109.98 � 3.42 148 � 2.98 131.26 � 2.19** (17.87%) 124.36 � 2.19**
27.44%

116.16 � 3.85**
37.05%

Car þ TA1000 111 � 2.09 146.92 � 4.16 122.96 � 2.89** (23.06%) 117.56 � 2.25** (31.40%) 112.68 � 2.97** (39.26%)

Ib10 114.9.�1.26 116.2 � 2.33 114.55 � 1.45 114.7.28 � 2.05 114.77 � 1.58

Ib20 118.6.�3.1 117.8 � 2.8 117.8. �2.62 117.8 � 2.64 116.9 � 2.03

Ib25 115.53 � 2.3 114.9 � 2.5 115.7 � 2.35 115.5 � 2.29 115.49 � 2.52

TA500 118.7 � 2.66 117.9 � 2.0 118.4 � 3.2 118.55 � 2.25 118.6 � 2.61

TA750 113.59 � 2.4 113.59 � 2.6 113.48 � 1.94 114.33 � 2.24 114.24 � 2.23

TA1000 113.34 � 2.2 113,29 � 1.35 113.44 � 2.1 112.99 � 1.79 113.54 � 2.10

Table 2. An evaluation of the Analgesic effect of different doses of Terminalia
arjuna and Aspirin by acetic acid writhing test (*presents the level of significance
of result). Here, the percent of writhes, one of the parameter to demonstrate
analgesic activity was calculated by following Eq. (3).

Group specification Dose Number of
writhing

% Inhibition

Ace 94.62

As100 þ Acetic Acid Low 69.84** 26.19%

As150 þ Acetic Acid Medium 50.4** 46.73%

As200 þ Acetic Acid High 33.94** 64.13%

TA500 þ Acetic Acid Low 82.08* 13.25%

TA750 þ Acetic Acid Medium 57.88** 38.82%

TA1000 þ Acetic Acid High 37.14** 60.75%
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8, who were alloxan-induced diabetic rats and treated with T. Arjuna
extract. In contrast, the level of insulin was increased and decreased
non-significantly in the rest of the other groups. This interpretation
confers that the extract may affect the pancreatic beta-cell for the
secretion of insulin. Also, the hepatic glycogen content increased
significantly in rats that belonged to groups 6, 7, 8, and possibly in-
crease hepatic glycogen content is a phenomenon of increased insulin
level. Conversely, in another study, it has been found that the plant
extract did not increase insulin secretion [58]. In another study, it has
been observed that T. arjuna helps to increase glucose uptake and car-
bohydrate breakdown. T. arjuna possesses different types of compounds
like flavonoids, tri-terpenoids that possess profound affinity toward
alpha-amylase and alpha-glucosidase. This compound has synergistic
Table 3. An evaluation of the analgesic activity of Terminalia arjuna and Aspirin by t

Group No Group Specification Basal Reaction Reaction time

After 15 minu

1 C 2.96 � 0.76 3.2 � 0.88

2 As100 þ TFS 3.4 � 1.05 3.76 � 1.02

3 As150 þ TFS 3.78 � 0.65 4.36 � 1.04

4 As200 þ TFS 4.1 � 0.53 4.5 � 0.97

5 TA500 þ TFS 3.18 � 1.20 3.44 � 1.00

6 TA750 þ TFS 3.52 � -.78 3.96 � 0.80

7 TA1000 þ TFS 3.64 � 0.55 4.084 � 0.74
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binding effects toward those receptors. Again, Insulin sensitivity,
increased rate of glucose digestion, stimulation of glucose uptake by
peripheral tissue could also be possible mechanisms. We could not
evaluate the effect of the extract in glucose absorption in the intestine,
which can be assessed by using Rat Everted Jejunal sacs. As unfortu-
nately, we were not provided required technical support required for
this test. Furthermore, diabetogenic alloxan causes the generation of
free radicals that leads to tissue injury, and anti-oxidant constituents
may work as free radical scavenging agents and impart its activity
against lipid peroxidation, OH�, and O2��. By doing so, it may cause
the decline of concentration of free radical and may diminish the rate of
damage. According to our findings and assessment, it may confer that
the possible mechanism of action by which our extract imparts its
anti-diabetic activity is the increase of insulin secretion. But the further
meticulous study is needed to justify all possible MoA so that the
authenticity will be established [58, 59, 60]. There are two most com-
mon tests - sucrose preference test and tail suspension test were
implemented to assess the anti-depressant activity of T. arjuna.
4.2. Anti-depressant activity

In Figure 11, in the sucrose preference tests, the treatment groups
exhibit a similar pattern of sucrose intake as the positive control group in
the pre-treatment condition, but a statistically significant improvement
was identified during treatment. The treatment groups have demon-
strated an improved preference for sucrose in the post-treatment state,
suggesting the extract's effectiveness to treat the disease condition. A
difference was observed between the effects of treatment groups of
he tail-flick test method.

in second

tes After 30 minutes After 45 minutes After 60 Minutes

3.46 � 1.28 4.26 � 0.60 5.12 � 0.72

4.88 � 0.72 5.48 � 0.53* 6.56 � 0.97*

5.46 � 0.54** 7.02 � 1.15** 7.98 � 1.05**

6.28 � 0.66** 8.04 � 0.78** 10.32 � 0.51**

3.84 � 0.79 5.4 � 1.32 6.72 � 1.73

5.22 � 0.92* 5.98 � 1.30* 7.02 � 1.28*

5.76 � 1.04* 7.7 � 0.51** 9.3 � 1.11**



Table 4. An Evaluation of Insulin level (ng/ml) and Hepatic Glucose (mg/gm)
Content are displayed below.

Group Insulin Level (ng/ml) Hepatic Glucose Content (mg/gm)

N 0.728 � 0.034 1.371 � 0.48

A 0.564 � 0.031 1.12 � 0.050

A þ M100 0.586 � 0.025 1.151 � 0.042

A þ M250 0.564 � 0.030 1.177 � 0.055

A þ M500 0.582 � 0.017 1.193 � 0.040

A þ TA500 0.646 � 0.036* 1.24 � 0.044*

A þ TA750 0.674 � 0.038* 1.28 � 0.033*

A þ TA1000 0.695 � 0.047* 1.328 � 0.020*

M100 0.737 � 0.031 1.362 � 0.060

M250 0.727 � 0.049 1.38 � 0.033

M500 0.731 � 0.047 1.415 � 0.028

TA500 0.732 � 0.042 1.382 � 0.0399

TA750 0.726 � 0.041 1.374 � 0.045

TA1000 0.73 � 0.037 1.378 � 0.050
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T. arjuna extract and standard drug, but that was statistically nonsignif-
icant. T. arjuna extracts have therefore demonstrated a positive effect in
reducing anhedonia-like symptoms in the test. Taurine and Angelica
sinensiswere observed to exert a similar effect as the test extract [57, 61].

Figure 12, in the tail suspension test, in the time of immobility be-
tween the negative and the positive control groups, a dramatic differ-
ential was found, indicating the development of depression in the
positive control group. But the standard drug exerted better results to
reduce immobility than the test extract though the difference was
nonsignificant. We found that the treatment groups exerted a shortened
time of immobility closer to the negative control group but in a dose-
dependent manner. If we equate the treatment group's pre-treatment
and post-treatment status, the previous data would still be upheld.
From the above information, we can therefore conclude that the test
extract was found to reduce the depression level of rodents in the TST
efficiently. A similar result was obtained in the case of Eclipta alba,
Cyperusrotundus L, Channastriatus, methanol extract of Micro-
meriamyrtifolia, and Glycyrrhizin in TST [6, 62, 63, 64].

It's very difficult to explain the mechanism of the antidepressant ac-
tivity of the plant. Because it is not well identified that whether a single
compound or a synergism of compounds are exerting anti-depressant
activity. But it may confer that one or more constituents of extract may
induce anti-depressant activity by working as a serotonin reuptake in-
hibitor. Also, MAO-A inhibition can be considered as a potential mech-
anism of the anti-depressant activity of Terminalia arjuna [65].
4.3. Anti-inflammatory response

Several methods are available for measuring inflammation, but the
most common method relies on the edema formation in rat paws [66].
Paw edema in rats induced by carrageenan is a standard experimental
measurement (shown in Eq. (2)) that develops in only a few hours and is
related directly to the release of kinins, prostaglandins, histamine, and
serotonin [63, 64, 65, 66]. In Table 4, the standard drug, T. arjuna
extract, significantly reduces edema formation in low, medium, and high
doses. This reduction indicates the effectiveness of T. arjuna extracts to
treat inflammation in the rat model. T. arjuna exerted better results than
Caesalpiniabonducella [37]. On the contrary, Astragalushamosus, Arum
palaestinum, and Inula cuspidate, Murrayakoenigii Linn gave a similar ef-
fect as T. arjuna [67, 68, 69, 70].

Accordingly, in our study, it has been found that Terminalia arjuna has
started imparting its anti-inflammatory activity within 1 h after injecting
Carrageenan and Carrageenan edema is a multimedia phenomenon that
liberates diverse types of mediators. The first phase (1 h) is associated
with the release of histamine and serotonin. Besides, the second phase
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(over 1 h) is mediated through prostaglandins, the cyclooxygenase
products. Also, the continuity between the two phases is provided by
kinins. Also, the mechanisms of anti-inflammatory activity would be
associated with the antiphlogistic activity imparted by tannins.

So our extract may start exerting its anti-inflammatory activity by
inhibiting the serotonin and histamine. However, if the extract reduces
the level of serotonin, then the rats may exhibit depressant activity.
Instead, the extract showed anti-depressant activity. So it may confer that
the extract may induce anti-inflammatory activity by inhibiting the
pharmacological activity of histamine. Furthermore, the extract contains
flavonoids, and flavonoids can inhibit the production of prostaglandin.
So the extract of Terminalia arjunamay induce anti-inflammatory activity
both by blocking the histamine and inhibiting the production of prosta-
glandin [17, 71].

4.4. Analgesic activity of Terminalia arjuna

The analgesic activity of T arjuna was assayed by a tail-flick test, as
well as a writhing test by acetic acid because these tests are considered
standard pharmacological models that use a natural product to evaluate
analgesia [72]. The writhing test induced by acetic acid is implemented
mainly for the drugs acting peripherally (shown in Eq. (3)) [73].

The cause of the difference between the effects of Aspirin and test
extract is assumed to be the low content of active compounds present in
the test extract. A significant pain reduction in the treatment groups than
the positive control group indicates the analgesic activity of T arjuna
extract. A similar result was observed in Caesalpiniabonducella, Astraga-
lushamosus, Arum palaestinum, Inula cuspidate, Murrayakoenigii Linn.,
Rhynchosiacapitata DC., Glycine tomentella, Clutiaabyssinica, Scoparia dul-
cis L., Ficusracemosa Linn., and Limoniastrumfeei [35, 69, 70, 71, 73, 74,
75, 76, 77].

In the tail-flick test, T arjuna exerted significant antinociceptive ac-
tivity in a high dose (1000 mg). There is a drastic difference observed
between the treatment groups containing different doses and time
duration. Possible causes behind this phenomenon may include the
smaller number of active compounds present in the extract. Overall
improvisation of disease condition indicates the effectivity of T arjuna in
the tail-flick test. T. arjuna gave a better result than Caesalpiniabonducella
[37], but a similar result was obtained in the case of Rhynchosiacapitata
DC [78, 79, 80].

In a quantitative study regarding the screening of phytochemical
constituents, the presence of tannin, flavonoids, gums, alkaloids, and
carbohydrates was confirmed through an extensive literature study. In a
previous study, it has been evidenced thatflavonoidsmay impart analgesic
activity via targeting prostaglandins (inflammation 1). Besides, alkaloids
are well known for their ability to inhibit pain perception. Tannins are
important compounds known to be potent cyclooxygenase-1 inhibitors
and with anti-phlogistic activity [17]. The flavonoids isolated from Cae-
salpinia pulcherrima are evidenced with potent inhibitory effects on TNF-_
and IL- 12. Since TNF-_ and IL-12 are known as the chief proinflammatory
cytokines secreted during the early phase of acute and chronic inflam-
matory diseases. Being an enormous source of flavonoid Terminalia arjuna
may impart its anti-inflammatory in the same manner [81].

4.5. Docking studies to characterize different pharmacological activity
obtained from T. Arjuna's phytochemicals

4.5.1. Materials and methods
After a wide range of literature studies on T. Arjuna, it was observed

that several enzymes are involved in possessing anti-diabetic, analgesic,
anti-hypertensive, and anti-oxidants activity in T. Arjuna. In the present
study, six different enzymes of our interest [Table 5] were selected to
analyze potential interaction studies with natural ligands. To perform an
in-silico molecular docking study against these six endogenous peptides,
a list of 22 compounds of different chemical classes was identified from
T. Arjuna and also shorted through an extensive literature review [82,



Table 5. List of targets with reference ligands for in-silico study.

Target Protein &
PDB ID

Protein Function Organism Resolution Reference
Ligand

Alpha-
Glucosidase,
2QMJ

Catalyze the final
glucose releasing step
in starch digestion

Homo
Sapiens

1.90 Å Acarbose

Alpha-Amylase,
1B2Y

Catalyzes the
hydrolyses of
Polysaccharides

Homo
Sapiens

3.20 Å Acarbose

Xanthine Oxidase,
3NVY

Generate reactive
oxygen species

Bos
Taurus

2.00 Å Quercetin

Cyclooxygenase 1,
1EQG

Produce
prostaglandins

Homo
Sapiens

2.61 Å Ibuprofen

Thrombin
Enzyme, 2A2X

Catalyze blood
coagulation cascade

Homo
Sapiens

2.44 Å NA9

Angiotensin
Receptor, 4ZUD

Involved in
controlling blood
pressure

Homo
Sapiens

2.80 Å Olmesartan
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83]. The 3D structures of these compounds were downloaded from
Pubchem and later optimized through PyRx. All the proteins possessed
x-ray crystallographic structure and were retrieved from the protein data
bank (RCSB-PDB). This server was also used to determine the binding site
of the reference drug for the respective enzymes, which was later spec-
ified in the docking process. For docking purposes, all targets were made
free from unnecessary water molecules, heteroatoms by using PyMol
software. Free energy was also minimized with the help of SwissDock. All
protein targets and ligands were prepared as Pdbqt form with Autodock
Vina and Open babel version 2.2.3 software, respectively. Next, molec-
ular docking was performed using AutodockVina, and the results were
sorted using Microsoft Excel. Moreover, an interaction study was con-
ducted using the Biovia Discovery Studio Visualizer.
Figure 13. Active site interaction study of alpha-glucosidase and al
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4.6. Virtual screening of compounds by molecular docking and their
interaction study

After successful docking, the compound with better binding affinity
than the standard or reference resulting from the simulation was initially
selected for further analysis. The various ligands were imported onto the
Biovia Discovery studio platform, and the interaction between the target
site and ligand was visualized.

4.6.1. Anti-diabetic activity
The results have shown that flavonoids from T. Arjuna exert better

binding affinity towards targeted protein compared tothe standard drug
for respected diseases. Alpha-amylase and alpha-glucosidase are the en-
zymes responsible for carbohydrates breakdown and elevate sugar levels
in type-II diabetes. Acarbose acts asa standard inhibitor to these enzymes
and is used to treat type-II diabetes. The binding interaction study shows
that acarbose and rutin bind in similar target residues, including
mandatory binding sites Asp327, Asp542, Arg526, and His600 [84], and
rutin havea better binding affinity -9.2Kcal/mol compared with acar-
bose, -7.0Kcal/mol. Similarly, alpha-amylase is also inhibited better by
flavonoids and represents a similar binding pattern with acarbose
[Figure 13].

4.6.2. Analgesic activity
Cyclooxygenase enzyme inhibitory activity of flavonoids was first

time founded in 1980 [85]. Active residues Arg120, Val349, Tyr355,
Tyr385, Trp387, Ser530, Ile523, Phe209, and Met522 are considered the
important binding sites for protein inhibition. In our study, all the natural
flavonoids from T. Arjuna were docked in the Cox-1 enzyme. Ibuprofen
was also docked in this enzyme as the positive control. Molecular docking
showed that the most common flavonoids Luteolin and Quercetin exhibit
better binding affinity -8.3Kcal/mol, -8.8Kcal/mol, respectively, than
pha-amylase complex with flavonoids and reference compound.



Figure 14. Active site interaction study of COX-1 complex with flavonoids and reference compound (Ibuprofen).

Table 6. a: Angiotensin receptor binding affinity with triterpenoids & Olme-
sartan. b: Thrombin enzyme binding affinity with triterpenoids & reference
drugs.

Beta-Sitosterol-D-glucoside -10.4

Arjunetin -10.3

Oleanolic acid -10

Lupeol -10

Arjunic acid -9.8

B-Sitosterol -9.7

Arjungenin -9.4

Olmesartan -9

Arjunetin -9.3

Arjunoglycoside 1 -8.7

Beta-Sitosterol-D-glucoside -8.5

Lupeol -8.4

Oleanolic acid -8.3

Inogatran -8.1

*All units are in Kcal/mol.
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Ibuprofen, -7.6Kcal/mol. In addition,a similar pattern of interaction be-
tween Arg120-Ser530 with heteroatoms of ligands was summarized to be
the way that these flavonoids interact and inhibit the activity of COX-1
[Figure 14].

4.6.3. Anti-hypertensive activity
T. Arjuna showed significant improvement in endothelial dysfunc-

tion, hypertension, and other heart diseases [14]. Triterpenoids from
T. arjuna acts as cardioprotective drugs [86]. In our study, we observed
that triterpenoids could inhibit angiotensin and thrombin enzymes with
higher affinity than their standard drugs [Table 6a,b].

4.6.4. Anti-oxidant activity
Bark extract of Terminalia Arjuna has scavenging effects on reactive

oxygen species [87]. Natural flavonoids such as Quercetin act on the
Table 7. Xanthine oxidase enzyme binding affinity with flavonoids & reference
drugs.

Luteolin -9.2 Kcal/mol

Quercetin -7.9Kcal/mol

Leucocyanidin -7.8Kcal/mol

Kaempferol -7.6Kcal/mol

Oxipurinol -7.3 Kcal/mol

Allopurinol -6.5 Kcal/mol
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Xanthine Oxidase enzyme and reduce the ROS concentration. Our mo-
lecular docking study showed that Luteolin, other flavonoids from
T. arjuna showed better affinity on inhibition of xanthine oxidase com-
plex than synthetic drugs, Allopurinol, Oxypurinol [Table 7].

5. Conclusion

Our findings concerning the responses of rat models under diverse
test batteries impart a series of indications that the ethanolic extract of
the bark of Terminalia arjuna may be capable of reversing several
disturbed pathophysiological states towards the healthy status. The dose-
dependent improvements in responses also indicated that proper and
precise dosing of extract via justified isolation of target therapeutic
specimen from the whole extract might amplify the therapeutic effect to a
decent degree. In-silico study on T. arjuna's natural compounds also
validates our findings to some extent and brings prospects to study the
medicinal plant in molecular depth. So, it can be concluded that the
further meticulous investigation of T. arjuna regarding pharmacological
response and phytochemical analysis may bring about new doorways in
the disease management system.
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