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Abstract: Abelmoschus esculentus (L.) Moench, commonly known as okra, is one of the most widely
used vegetable crops currently used for diabetes treatment as well. It is thought that the large
amount of soluble dietary fibers present in okra is responsible for the slowing of the absorption of
glucose from the gut. However, its role in concomitant administration with commonly prescribed
medications, including metformin (MET) and acarbose (ACR) for diabetes, is unclear. Therefore, this
study assessed the effect of A. esculentus pod extract (AEE) administered concomitantly with MET
and ACR in the glucose-induced hyperglycemic mice model. The AEE was prepared using green
okra pods. In this experiment, each male Swiss Webster mouse was administered a 2.5 gm/kg/BW
dose of glucose via gastric lavage to induce hyperglycemia. The experimental animals were divided
into five groups: (i) negative control, (ii) positive control, (iii) MET only, (iv) MET and ACR, and
(v) MET, ACR, and AEE. The orally administered doses of the MET, ACR, and the extract were
150 mg/kg/BW, 15 mg/kg/BW, and 0.2 mL/kg/BW, respectively. We found that MET only and a
combination of MET and ACR reduced glucose levels significantly (p < 0.01) compared to the positive
control. On the other hand, when MET, ACR, and AEE were administered simultaneously, the
synergistic antihyperglycemic action of the MET and ACR was diminished. After 150 min, the blood
glucose level was 4.50 &= 0.189 mmol/L (iv) and 6.58 + 0.172 mmol/L (v). This study suggests that
taking AEE concurrently with MET and ACR would reduce the effectiveness of antidiabetic drugs;
thereby, concomitant administration of these antidiabetic agents is not recommended. This study
provides an essential basis for decision-making about the consumption of AEE with conventional
medicine. Further study is required to find the molecular insight of drug interactions in combination
therapy of medicinal plants for diabetes.
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1. Introduction

Diabetes is a critical challenge to global health. Approximately 537 million adults
(20-79 years) lived with diabetes in 2021. According to projections, the number of individ-
uals living with diabetes will increase to 643 million by 2030 and 783 million by 2045. The
number of people with diabetes living in low- and middle-income countries is getting more
severe [1]. The number of diabetic patients has quadrupled in the last 40 years. Diabetes
is also the leading cause of male death, increasing by 80% since 2000. An 5% increase 5in
diabetes-related premature death occurred between 2000 and 2016 [2].

Hyperglycemia, often known as elevated blood sugar, is a common complication of
uncontrolled diabetes that, if left untreated, can cause catastrophic harm to many of the
body’s systems, including the nervous system and blood vessels. Therefore, it may cause
blindness, kidney failure, heart attacks, stroke, and lower limb amputation [3]. Many
drugs like sulfonylureas, meglitinides, D phenylalanine derivatives, DPP-4 inhibitors, GLP
agonists, amylin analogs, thiazolidinediones, biguanides, and alpha-glucosidase inhibitors
are commonly used to control hyperglycemia [4]. In general, metformin (MET) is the initial
therapy for patients with type 2 diabetes mellitus (T2DM), which contributes to 90-95% of
all diabetes cases [5]. MET reduces the amount of blood glucose by inhibiting glycogenol-
ysis, gluconeogenesis, and absorption of glucose from the small intestine [6,7]. Another
drug, acarbose (ACR), works by slowing the breakdown of carbohydrates into glucose,
thus reducing glucose absorption in the intestine [8,9]. For many patients, controlling blood
glucose is difficult and physicians suggest a combination of drugs. Commonly, MET is
suggested in combination with ACR for managing hyperglycemic conditions in T2DM,
because both MET and ACR work synergistically to reduce the blood glucose level signifi-
cantly in T2DM. A meta-analysis reported that MET and ACR combined therapy appears
to be more efficacious than MET or ACR monotherapy [10]. Many other researchers also
reported similar results when MET was combined with other drugs [11-14].

Self-medication using medicinal plants or natural products has increased dramatically,
particularly in developing or low-income countries, due to being safer and free from toxic ef-
fects [15,16]. Additionally, the World Health Organization (WHO) estimates that 75-80% of
the world’s population entirely rely on conventional medical systems for their first line of
treatment, owing to concerns about the safety of synthetic medicine [17-19]. On the other
hand, natural products have risen to enormous prominence as sources of polypharmacolog-
ical treatments for various diseases [20,21]. Furthermore, evidence of the relevance of plants
for a variety of diseases in historical scriptures caught the interest of many researchers
who focused on analyzing the scientific validity of traditional claims [22-24]. Therefore,
many patients have been concomitantly self-administering medicinal or supplemental
food therapies with potential antihyperglycemic drugs like MET and ACR to better control
glucose levels.

Among the plethora of medicinal plants, Abelmoschus esculentus (L.) Moench (ladies
finger or okra) is a common plant that possesses high antihyperglycemic effects [25-27]. It
is a very familiar perennial plant grown in all tropical and subtropical areas worldwide.
Its green edible pod is known for its nutritional and health benefits such as hepatopro-
tective, antidiabetic, antiulcer, anticancer, anti-inflammatory, laxative, antihyperlipidemic,
antifungal, and analgesic activities [28] and is used in preparing vegetable curry in ev-
eryday cuisine. Among many of its constituents, viscous soluble dietary fibers (guar
gum) and flavonoids like myricetin are of great concern other than carbohydrates, pro-
tein, minerals, and vitamins [28]. Traditionally, okra has been a good choice for diabetes
treatment [29-32]. Doreddula et al. [28] reported that methanolic and aqueous extracts of
A. esculentus possess alkaloids, carbohydrates, flavonoids, phenols, proteins, terpenoids,
tannins, and sterols. The primary flavonoids, isoquercitrin, and quercetin 3-O-gentiobioside
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isolated from A. esculentus lowered blood glucose and serum insulin levels and increased
glucose tolerance in obese mice [33]. Another study showed that the identified polyphe-
nolic compounds oligomeric proanthocyanidins from A. esculentus were responsible for
a-glucosidase and «-amylase inhibitory activity [34]. It is thought that the large amount of
soluble dietary fibers present in okra is accountable for slowing the absorption of glucose
from the gut [31]. Although MET, ACR, and okra extract exert a common action by imped-
ing glucose absorption in the small intestine, a possible synergistic effect might be taken
simultaneously. There might be a possibility of drug interaction when herbal and synthetic
drugs are co-administered for better glycemic control, and the combinations might show
synergistic or antagonistic effects [35,36]. It is noted that combining dietary supplements
with prescribed drugs may have severe and even life-threatening consequences [37].

To our best knowledge, no study has been conducted to evaluate okra’s synergistic
or antagonistic effects in combination with MET and ACR. This is necessary to assess
postprandial uses of MET and ACR combination simultaneously with AEE. The outcomes
of this study would suggest whether okra can be taken in combination with MET and ACR
or not. Therefore, the mice model combined A. esculentus extract with MET and ACR in
this experiment to evaluate its synergism or antagonism activity.

2. Results and Discussion

Since an adequate amount of nutrition plays a significant role in preventing and
controlling diabetes, taking medicinal plant extracts or food supplements along with pre-
scription medications as a natural and safer source to improve diabetes has increased
drastically over the last two decades. Some medicinal or food supplements can enhance the
medication’s efficacy, while others can reduce it. Therefore, combining dietary supplements
with prescribed drugs may have severe consequences [37]. Abelmoschus esculentus (L.)
Moench (okra) is traditionally used for diabetes prevention and improvement, even with
pharmaceutical drugs [29-32]. The effectiveness of an aqueous extract of okra against hy-
perglycemia in different in vitro and in vivo studies has been scientifically proven [38-42].
Okra can slow glucose absorption from the gut due to having a high amount of soluble
dietary fibers [31]. Previous studies suggested that AEE should not be taken concurrently
with MET or ACR in controlling diabetes mellitus [43,44]. Therefore, here we evaluated the
effectiveness of AEE in combination with MET and ACR only, other than AEE with MET
and AEE with ACR in vivo settings. To assess the preventive measure of glucose level in
blood, we performed glucose p.o. in Swiss Webster mice after they were administered the
plant extract/drugs. We mainly observed whether AEE plays a role as a synergistic partner
or an antagonistic partner. Synergistic partners increase drug effectiveness, whereas antago-
nistic partners decrease the effectiveness of pharmaceuticals due to drug—drug interactions
that block or reduce the effectiveness of one or more drugs [45].

It has previously been shown that AEE produces hypoglycemic effects by interfer-
ing with many cellular signaling pathways, such as blocking the activity of a glucose
metabolizing enzyme (DPP-4). Furthermore, AE regulates the AMPK/mTOR, PI3K, and
mitochondrial pathways, which may reduce palmitate-induced apoptosis of 3 cells [46].
AE is rich in several bioactive compounds that have been implicated for their traditional
use in DM. These bioactive compounds were categorized as polyphenols, glycosides, al-
kaloids, polysaccharides, and volatile oils [47-49]. Shen and colleagues showed that the
fruits’ flavonoid fractions had a concentration-dependent «-glucosidase and a-amylase
inhibitory effect [50]. In another study, researchers identified polyphenolic compounds
oligomeric proanthocyanidins from Abelmoschus esculentus as active compounds responsi-
ble for «-glucosidase and a-amylase inhibitory activity [34]. Similarly, myricetin showed a
dose-dependent decrease in the plasma glucose concentration and improved insulin sensi-
tivity in obese Zucker rats [51]. The observed antidiabetic activity of pure polyphenolic
compounds could imply that these compounds are partly responsible for the antidiabetic
activity of the crude extracts of A. esculentus [52]. Besides that, polysaccharides derived
from AEE can improve insulin sensitivity by correcting insulin signaling defects, most of
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which are related to the PI3K/AKT signaling pathway [53]. Moreover, the antioxidant-rich
substances in okra fruit (e.g., carotenoids, riboflavin, ascorbic acid, thiamine, and nicotinic
acid) may be linked to the antiglycation capabilities of the fruit, which is connected to
the hypoglycemic effects of okra [54]. Fan and colleagues [33] found that the primary
flavonoids in okra extract, isoquercitrin and quercetin 3-O-gentiobioside, lowered blood
glucose and serum insulin levels, and increased glucose tolerance in obese mice, indicating
that okra might be used as a dietary treatment for hyperglycemia.

This study used 2.5 mg/kg/BW glucose p.o. to induce hyperglycemia in mice. In
all groups, the fasting blood glucose was determined at 4.90-5.39 mmol/L (Figure 1a).
Over 2.5 h, the blood glucose level was 4.92-5.18 mmol/L in group 1, even after taking a
standard pellet diet and water ad libitum. This indicates that the mice were healthy enough
to control blood glucose levels. Because of the effects of insulin, blood sugar levels in people
who do not have diabetes rebound to a near-normal range within 1-2 h of eating [55]. After
administration of glucose in the positive control group, the diabetic status of mice was
highest at 11.44 £ 0.387 mmol/L at 30 min. The blood glucose level was gradually reduced
over time, and it was lowest at 7.26 & 0.311 mmol/L at 150 min (Figure 1b). These values
were over the minimum clinical value for diabetes according to the American Diabetes
Association’s defined value. The defined normal fasting plasma glucose is <5.6 mmol/L,
and a normal 2 h plasma glucose is <7.8 mmol/L [56]. The gradually decreasing glucose
level in the blood over time indicates the mice’s self-regulation of glycolysis in improving
the diabetic condition. The mice reached normal glucose levels at 150 min even though
they were allowed a standard pellet diet and water ad libitum (Group 2).

The effectiveness of drugs/AEE on the hyperglycemic mice is shown in Table 1. All
treatment groups efficiently reduced the blood glucose level compared to positive control.
At 0 min, there was no significant difference among the study groups, and fasting blood
glucose level was below 5.6 mmol/L, a normal level of glucose [56]. However, after 30 min
of glucose administration, the glucose level was increased beyond the normal glucose level
range of all groups. The results suggested that all mice experienced induced hyperglycemia
upon glucose administration. Unfortunately, treatment groups also could not control the
diabetes level at 30 min, but they reduced glucose significantly compared to the diabetes
control group (Table 1). However, they were statistically insignificant among the treatment
groups at different time points, except for group 3 and group 4 at 90 and 150 min (Tukey
HSD; p < 0.05).
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Figure 1. Fasting blood glucose level in mice groups (a) and a relative glucose level of negative
and positive control groups until 150 min (b). The error bar shows the standard error of the mean.
The value of the positive (diabetes) group showed a statistically significant difference (Tukey HSD;
p < 0.05) compared to the negative control group in all-time points, except for 0 min. NC: negative
control; PC: positive control; MET: metformin; ACR: acarbose; AEE: Abelmoschus esculentus pod
extract. * denoted statistically significant at p < 0.05 between NC and PC.

Table 1. Effects of therapeutic doses of different drugs either alone or in combination in mice model.

Experimental

Blood Glucose Levels (mmol/L) at a Different Time (Minutes) Intervals

n 0 30 60 90 150
Groups
Mean += SEM
PC 5 510+ 0.1052 1144 +0.3872  9.86 -+ 0.408% 8.46 + 0.387 2 7.26 £0.3112
MET 5 5.12 + 0.066 2 9.64 +0.227 " 854 +0.172°P 7.32 £0.139 P 5.32 +0.102 P
MET + ACR 5 4.92 4+ 0.0582 9.04 +0.178 7.82 +0.188P 6.36 £ 0.154 450 £ 0.095 ¢
MET + ACR + AEE 5 5.10 £ 0.084 2 9.28 +0.128" 860 +£0.089P  776+01213 658 +0.0862

SEM: Standard error of mean; NC: negative control; PC: positive control; MET: metformin; ACR: acarbose; AEE:
Abelmoschus esculentus extract. According to Tukey HSD, different letters in a column indicate a significant
(p < 0.05) difference between groups at a 95% confidential interval.

Group 2 demonstrated that the glucose level was reduced significantly until 1 h post-
administration of glucose p.o. However, later it was not significant, and the difference be-
tween 0 min and 150 min was statistically significant (p = 0.002) (Supplementary Table S1).
Treatment groups 3 to 5 effectively reduced the blood glucose level. The difference among
these three groups was not statistically significant until 1 h. However, at 90 min, glucose
level reduction between groups 3 and 4 was significant, but groups 3 and 5 were not
significant. Additionally, the difference between groups 4 and 5 was significant. At the
150 min, the glucose level was within the normal range in group 3 (5.32 £ 0.102) and group
4 (4.50 & 0.095), but it was higher in group 5 (Table 1).

This experiment observed that administration of MET and ACR simultaneously
showed more incredible antihyperglycemic action than that of the MET alone, and ef-
fectiveness was comparatively better after 1 h of treatment. This might be due to the
synergistic effects of MET and ACR. A meta-analysis (75 studies were included) reported
that, through direct comparison, the glucose-lowering effects of MET monotherapy and
ACR monotherapy are the same; however, MET is marginally superior by indirect com-
parison [57]. However, because of their distinct and complementary modes of action,
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the combination of MET and ACR is a sensible medication that provides good glucose
management with extra cardiovascular advantages while minimizing adverse effects [12].
A recent study also demonstrated that a combination of MET and ACR treatment showed a
95% survival rate in COVID-19 infected T2DM patients. However, this study suggested
that inpatient use of MET and ACR together or alone during hospitalization should be
studied in randomized trials [58].

In many earlier studies [31,32], the antihyperglycemic property of okra was found in
alloxan/streptozotocin-induced diabetic rats/mice. Some studies were also performed to
assess the impact of MET and ACR combined therapy vs monotherapy [13,14]. Another
study was also carried out to observe the pharmacodynamics of MET when co-administered
with okra extracts [44]. It is well established that MET is highly potent as an antidiabetic
agent, and in a combination with ACR, it augments the antihyperglycemic effect. However,
the synergism of MET and ACR was reversed when concomitantly administered with
AEE (Group 5). Table 1 demonstrated that even though the glucose level was significantly
decreased in group 5, the glucose level (6.58 &+ 0.086) was not within the normal range at
150 min. The value was statistically insignificant in the diabetes control group (Group 2).
Similarly, this value was significantly higher than the monotherapy of MET (Group 3)
and combination therapy of MET and ACR (Group 4). This result suggested that AEE
showed antagonistic activity against the antihyperglycemic activity of MET and ACR. It was
suggested that myricetin in viscous AEE shows its action by inhibiting glucose transporter
2 (GLUT?2) at the intestinal brush border [59] and increasing glucose utilization [48]. MET
also reduces glucose uptake from the gut and increases GLUT 4 mediated glucose transport
to the muscle cell.

In contrast, ACR is an alpha (o) glucosidase inhibitor that delays intestinal absorption
of glucose. MET and ACR are often prescribed in combination for better glycemic control
in T2DM. Some researchers surmised that gum-like soluble fibers might interfere with the
activity of metformin [60]. MET, ACR, and AEE all have proven antidiabetic properties.
Thus, concomitant administration may increase the glucose-lowering effect. Our finding
also reported that AEE resists the synergism of MET and ACR combination therapy. We
assumed that the presence of gums and mucilage in AEE may interfere with the function
of MET and ACR. Group 5 showed antagonistic effects against hyperglycemic mice that
support the hypothesis of other researchers [44,60].

3. Materials and Methods
3.1. Collection of Materials

The green okra pods were collected from a rural area in the Kishoreganj district
of Bangladesh and authenticated by botanist Muhammad Mahfuz Hasan, Department
of Botany, University of Dhaka. MET and ACR (Sunman Birdem Pharma and Pacific
pharmaceuticals, Bangladesh Ltd., Dhaka, Bangladesh) and a digital glucometer (Safe
touch, HMD Biomedical Inc., Hsinchu, Taiwan) were purchased.

3.2. Preparation of Extract

The green okra pods were used to prepare the Abelmoschus esculentus pod extract
(AEE) following the protocol described by Yaradua et al. [61]. Briefly, from the collected
samples, approximately 200 gm of fresh A. esculentus (okra) was appropriately washed with
fresh water and dried to a constant weight at room temperature. After that, these were cut
horizontally into slices, and the seed was discarded. Then those pieces were soaked into a
jar with 250 mL of distilled water overnight. In the morning, the slightly viscous liquid
portion was collected and filtrated. After this, the extract was stored at 4 °C for further
experimentation.

3.3. Animal Experiment

The animal experiment was conducted in the animal room at Daffodil International
University, Bangladesh. About 2-3 month old Swiss Webster strain male mice weighing
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25-30 gm was obtained from the Jahangirnagar University, Bangladesh. The mice were
acclimatized for three days in standard laboratory conditions. The experimental condition
of the laboratory was controlled, maintaining a temperature of 24 °C to 26 °C, a humidity
of 65-70%, and a 12 h light and dark cycle. All animals could access a standard pellet diet
and water ad libitum. The experiment was conducted as per the approval of the ethical
committee (Ref. FAHS-REC/DIU/2020/1003), Faculty of Allied Health Sciences, Daffodil
International University, Dhaka, Bangladesh.

3.3.1. Sample Size Calculation

The alternative of the power analysis approach for determining the sample size, the
resource equation approach, is highly recommended for exploratory animal study [62].
According to this approach, the permissible range of degrees of freedom (DF) for the error
term in an analysis of variance (ANOVA) is between 10 and 20. This study also considered
the 3R formula for animal study [63]. Therefore, the sample size was calculated following
the resource equation approach described by Arifin and Zahiruddin [64]. Following this ap-
proach, this study determined a minimum (10/3 + 1 = 4.3 rounded up) of 5 animals/group
and a maximum (20/5 + 1 = 7.7 rounded down) of 7 animals/group to compare the effec-
tiveness of drugs/extracts among three treatment groups (excluding negative control and
positive control for sample size calculation). It is noted that the numbers of animals per
group are rounded up or down to keep DF within limits (e.g., DF = 12 for 5, and DF= 18
for 7) [64]. Therefore, minimum animal numbers were chosen for this exploratory animal
experimental study regarding the 3R recommendation.

3.3.2. Experimental Design

The simplified experimental design is shown in Figure 2. Swiss Webster strain male
mice weighing 25-30 gm were used. Overnight fasted animals were divided into five groups
(n =5). Group 1 served as a negative control: the animals in this group were not induced
hyperglycemia but were free to access a standard pellet diet and water ad libitum. Group 2
served as a positive control: the animals in this group received glucose at 2.5 gm /kg/BWPer
os (p.o.) for hyperglycemia induction but were not allowed any medications. Group 3
served as MET only: the animals in this group received MET (150 mg/kg/BW p.o.). Group
4 served as MET and ACR: The animals of this group received MET (150 mg/kg/BW p.o.)
and ACR (15 mg/kg/BW p.o.) simultaneously. Group 5: the animals in this group received
MET (150 mg/kg/BW p.o.), ACR (15 mg/kg/BW p.o.), and AEE (0.2 mL/kg BW p.o.). In
this study, the AEE dose was selected based on Aligita et al. [32], who reported that okra
water extract (50-200 mg/kg BW) effectively reduced blood glucose levels significantly in
a diabetic mice model. Glucose-induced hyperglycemia was made on the normoglycemic
experimental mice (n = 25) through glucose administration following 2.5 gm/kg/BW p.o.

In this study, the glucose solution (2.5 gm/kg/BW p.o.) was administered 30 min after
plant extract/drug administration. A blood sample (around 0.5 pL) was taken through the
puncture of a vein in the tail, and glucose level was measured using a digital glucometer
(Safe touch, HMD Biomedical Inc., Hsinchu 30548, Taiwan). Blood samples were collected
at 0, 30, 60, 90, & 150 min after glucose administration.

3.4. Data Analysis

An analysis of variance (ANOVA) followed by the Tukey HSD test was used to
determine the differences among the treatment groups. Before conducting the ANOVA, a
test of normality and a test of Homogeneity of Variances were run to observe the normal
distribution of data sets. There was no significant difference in the data sets, even between
groups at a 99% confidential interval. The results were presented as mean 4= SEM (standard
error of the mean) with different letters to indicate the significance level at a 95% confidential
interval. The analysis was done using SPSS (version IBM 25; Armonk, NY, USA: IBM Corp.).
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Animal (n=25; per group 5) grouping and treatment plan

Group 1:
Group 2:

Group 3:
Group 4:
Group 5:

Negative control: Not induce hyperglycemia

Positive control: Induce hyperglycemia (glucose 2.5 gm/kg/bw p.o.) but no received
treatment

Metformin (150 mg/kg/bw p.o.)

metformin (150 mg/kg/bw p.o.) and acarbose (15 mg/kg/bw p.o.) simultaneously
metformin (150 mg/kg/bw p.o.), acarbose (15 mg/kg/bw p.o.) and AEE (0.2 ml p.o.)

Drugs/plant extract 2.5 gm/kg/bw Mice were
administration glucosep.o.

sacrificed

!

0
Minute|

! 1

30 60 90 150
[ 1

Collected blood and determined glucose level (mmol/L) at each time point

Figure 2. Animal experimental design and treatment regime. p.o.: Per os.

4. Conclusions

A. esculentus (L.) Moench (okra) is known for its nutritional values and antidiabetic
properties. Thus, it improves the postprandial glycemic index, even concomitantly with
mono- or combination pharmaceutical therapy. Our study found that A. esculentus pod ex-
tract may hamstring the action of MET and ACR when taken simultaneously and attenuate
the beneficial effects of the combination of these drugs (Group 4). Therefore, based on this
finding, it can be suggested that those who take a combination of MET and ACR should
not take A. esculentus concomitantly. Nonetheless, further study should be carried out to
elucidate the molecular mechanisms involved in the antagonistic role of A. esculentus pod

extract against the synergism of MET and ACR while administered concomitantly.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/biologics2020010/s1, Table S1: Multiple comparisons among the

groups at different time intervals in the hyperglycemic mice model.

Author Contributions: Conceptualization, M.A.H. and M.S.H.; methodology, M.A.H., N\M.A.S,,
M.T.IL and M.R K ; validation, M.S.H.; formal analysis, M.S.H. and EA.; investigation, M.A.H., M.S H.,
N.M.A.S.,, M.TI. and M.R.K;; resources, M.A.H. and M.S.H.; data curation, M.A.H. and M.S.H.;
writing—original draft preparation, M.A.H. and M.S.H.; writing—review and editing, M.A.-H., M.S.H.,
M.TI, MRK, FA, ET.Z, D.A., LCM. and R.C; visualization, M.S.H. and M.T.I; supervision,
M.A H. and M.S.H,; project administration, M.A.H.; funding acquisition, M.S.H., L.C.M. and R.C. All

authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The animal study protocol was approved by the Institutional
Review Board of the Faculty of Allied health sciences, Daffodil International University, Daffodil
Smart City, Savar, Dhaka, with the reference number FAHS-REC/DIU/2020/1003 in January 2020.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: The Authors would like to thank the Department of Pharmacy, Daffodil Interna-

tional University, for providing all the technical facilities during the study.


https://www.mdpi.com/article/10.3390/biologics2020010/s1
https://www.mdpi.com/article/10.3390/biologics2020010/s1

Biologics 2022, 2 136

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviation
T2DM Type 2 Diabetes mellitus
NIDMI Non-Insulin dependent diabetes mellitus
IDDM Insulin-dependent diabetes mellitus
NC Negative (Fasting) Control
PC Positive (Hyperglycemic) control
MET Metformin only group
AE Abelmoschus esculentus pod extract
ACR Acarbose
MET + ACR Metfomin + Acarbose group
MET + ACR + AEE Metformin + Acarbose + Abelmoschus esculentus
pod Extract group
p-o. Per os
BW Bodyweight
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