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Abstract

Acacia jacquemontii possess has numerous traditional therapeutic uses. The rationale of this study was to investigate the role
of Acacia jacquemontii ethyl acetate extract (AJEAE) in the downregulation of hyperglycemia. The current study was per-
formed in two parts, in vitro, through characterization (high-performance liquid chromatography), estimation of total phenolic
content, total flavonoid content, antioxidant (2,2-diphenyl-1-picrylhydrazylassay), and a-amylase inhibitory activities of the
studied extract, and in vivo using Wistar rats in which animals were divided into five groups NC, DC, GL, AJEAE 250 mg/kg,
and AJEAE 500 mg/kg. The effects of AJEAE on fasting plasma glucose, plasma insulin, HOMA-IR, oral glucose tolerance
test, glycated hemoglobin (HBA1c¢), lipid profile, inflammatory cytokines (Interleukin-6, tumor necrosis factor-alpha), and
oxidative stress markers (lipid peroxidation, nitic oxide, superoxide dismutase, catalase, glutathione peroxidase) were evalu-
ated. Our findings confirmed the presence of quercetin, kaempferol, gallic acid, vanillic acid, syringic acid, M-coumaric acid,
sinapic acid, chlorogenic acid, cinnamic acid, and ferulic acid in AJEAE. Total flavonoid and phenolic contents in AJEAE
were 83.83 mg GAE/g and 77.06 mg QE/g, respectively. Significant inhibition of DPPH (69.470%/1 mg/ml) and a-amylase
(71.8%/1 mg/ml) activities were exhibited by AJEAE. Alloxan-injected rats showed marked hyperglycemia and hypoinsu-
linemia, and increased inflammatory marker levels as compared to normal control (p <0.001). Additionally, raised levels
of triglyceride (139.7+2.771), total cholesterol (198.7 + 1.856), very low-density lipoprotein (33.43 +0.2728), low-density
lipoprotein (155.5 +2.754), lipid peroxidation, and nitric oxide (p < 0.001) and decreased levels of high-density lipoprotein
(17.20+£0.1732), superoxide dismutase, catalase, and glutathione peroxidase were observed in diabetic rats (p <0.001).
AJEAE significantly (p <0.05) improved the aforementioned parameters and the protective efficacy was comparable to
glibenclamide. Histopathological findings also evidenced the anti-hyperglycemic properties of AJEAE through regenera-
tion of pancreatic f cells. Conclusively, our findings demonstrated the antihyperglycemic, antihyperlipidemic, antioxidant,
anti-inflammatory, and pancreatic beta f cell regenerative properties of AJEAE against alloxan-induced diabetes.
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Introduction

Diabetes mellitus (DM) is a serious and multifaceted meta-
bolic disorder of multiple etiologies, a global public health
problem, and is now emerging as an epidemic worldwide, with

Responsible Editor: Mohamed M. Abdel-Daim intense consequences, both acute and chronic (Salehi et al.

2019; Majeed et al. 2021). Data from the International Dia-
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are living with diabetes worldwide in 2017 and this number
Institute of Physiology and Pharmacology, University is projected to increase to 693 million by 2045 if no effective
of Agriculture, Faisalabad, Pakistan prevention methods are adopted (Lin et al. 2020). Diabetes
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management of diabetes is becoming a socioeconomic chal-
lenge world wild (Arumugam et al. 2013; Ononamadu et al.
2019). Hyperglycemia, hyperlipidemia, oxidative stress, sup-
pression of antioxidant defense markers, and inflammation are
the main consequences of diabetes mellitus (Hammeso et al.
2019). Genetic and environmental factors are also responsible
for the development of diabetes in which body cells cannot
break down sugar properly due to diminished action of insulin
on target tissues resulting in lack of insulin or resistance to
insulin (Salehiet al. 2019).

Multiple antidiabetic regimens are used with different
mechanisms to counteract the increased level of glucose. How-
ever, long-term usage and side effects of available treatment
options have increased the demand for novel therapeutically
effective agents with minimum side effects for the manage-
ment of diabetes (Choudhury et al. 2018; Majeed et al. 2018).
Medicinal plants have a long history of usage and are valu-
able sources of new drugs globally (Chen et al. 2016; Calixto
2019). From different regions of the world, different parts of
the plants have been investigated for antidiabetic activity as
the different plants contain phenols, carotenoids, flavonoids,
terpenoids, alkaloids, and glycosides (Moradi et al. 2018).
Herbal medicines are most commonly prescribed worldwide
due to their easy availability, relatively minimal side effects,
reasonable price, and therapeutic efficacy Khan et al. (2018).

The majority of Acacia species are reported to possess
pharmacological activities and are effective against a vari-
ety of diseases. Acacia jacquemontii Benth locally called
Bhu-banwali, Baonli, or Bhunwaliand is native to the “Thar
desert” of the Indo-Pak subcontinent. In Pakistan, it is
known as “Bable” or “kikri” (Ashfaq et al. 2016; Rasool
et al. 2016). It was used in the past by Greek practitioners
to treat common ailments, i.e., stomach pain, kidney stones
or disorders, toothache, chickenpox, sexual weakness, and
controlling inflammation (Choudhary et al. 2009; Rasool
et al. 2017). The current study was aimed to characterize
the AJEAE using high-performance liquid chromatogra-
phy (HPLC) to determine the presence of different bioac-
tive constituents as well as hypothesized to investigate the
ameliorative impact of AJEAE on glycemia, lipidemia, anti-
oxidant status, inflammatory markers, and pancreatic beta
cell apoptosis in alloxan-induced hyperglycemia in rats. To
our knowledge, no study has so far been reported to have
investigated the anti-hyperglycemic potential of “Acacia
Jjacquemontii.”

Materials and methods
Plant collection and extraction

The leaves of Acacia jacquemontii were collected from
district Bhakkar near Bahawalpur, Pakistan. The plant was
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authenticated by the Cholistan institute of desert Studies
(CIDS) from the Islamia University of Bahawalpur, Paki-
stan, with voucher number CIDS/ IUB-1901/63. Leaves
were cleaned, air-dried under shade, and finally were
grounded into a coarse powder using an electric grinder.
About 100 gm of powdered material was macerated with
ethyl acetate at the ratio of 1:4 (W/V) at room temperature
with occasional shaking and stirring for 7 days. After that,
whole mixture was filtered through filter paper and then was
concentrated by using a rotary evaporator.

Characterization of AJEAE using HPLC

High-performance liquid chromatography analysis was per-
formed for the detection of bioactive compounds. Stationary
phase C18 (5.0 uM) (25 cm X 4.6 mm) and SIL-20A autosa-
mpler (Shimadzu Scientific Instruments, Kyoto, Japan) were
used. A combination of acetic acid and acetonitrile was used
as the mobile phase. The flow rate used for analysis was
1 mL/min. UV-visible detector (SPD-10AV) was used for
the detection of bioactive compounds at the wavelength of
280 nm. Identification and quantification were done by com-
parison with a mixture of standards (Imtiaz et al. 2019).

Evaluation of total phenolic and total flavonoid
content in AJEAE

The total phenolic content (TPC) was estimated by using
Folin-Ciocalteu method. After preparation of the reaction
mixture, absorbance was measured at 760 nm wavelength
and the results were presented as mg GAE/g (Aryal et al.
2019). The total flavonoid content (TFC) was assessed by the
Aluminum chloride colorimetric method. The absorbance
was measured at 510 nm wavelength and the results were
displayed as mg QE/g of DW (Phuyal et al. 2020).

Evaluation of in vitro antioxidant activity (DPPH assay)

The free radical scavenging activity of AJEAE was meas-
ured using DPPH as a free radical model (MogoleL and
Mtunzi 2020; Ashraf et al. 2015). Different concentrations
of plant extract (0.125—-1 pg/mL) were prepared. A total of
1 ml of plant extract was mixed with 3 ml of 5 pg/mL DPPH
and then incubated in the dark. Ascorbic acid was used as
standard; absorbance was taken at 515 nm using a spectro-
photometer, and activity was measured by using the formula
below:

% Inhibition = [(A blank — Asample)/Ablank]/100%

In vitro a-amylase inhibition assay

Alpha-amylase inhibitory assay was done to check the
in vitro antidiabetic activity of AJEAE (Sangeetha and
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Vedasree2012; Sathasivampillai et al. 2017). A total of
100 pL of plant extract was allowed to react with 100 uL of
2 mM of phosphate buffer and 200 uL of a-amylase enzyme.
The reaction mixture was allowed to incubate for 20 min
and then added 100 uL of starch solution (1%). A similar
protocol was carried out for the controls where the buffer
was used instead of the enzyme. After 5 min of incubation,
the dinitro-salicylic acid reagent (500 uL) was mixed in the
control and test, and then placed in a boiling water bath for at
least 5 min. The absorbance was measured at 540 nm using
a spectrophotometer. The inhibitory activity was found by
using the equation given below:

% Inhibition = Absorbance of the control — Absorbance of
the test sample/Absorbance of the control x 100.

Experimental animals and ethical statements

Seventy-five albino Wistar rats (180-200 g body weight)
were caged in the animal house of the Institute of Physiol-
ogy and Pharmacology, University of Agriculture Faisal-
abad. Before the start of trail, all rats were acclimatized for
2 weeks. The experimental protocol was planned according
to laboratory animal care guidelines permitted by the Gradu-
ate studies Research Board, UAF Pakistan. An ethical certifi-
cate was issued by the institutional biosafety and bioethics
committee with letter no. 1739/ORIC for the conduct of an
in vivo experiment. Following the adaptation time, all rats
were allocated into five groups, each group having 15 rats.

Induction of experimental diabetes

Alloxan monohydrate (i.p) in 0.9% w/v NaCl was used to
induce diabetes (150 mg/kg of BW) in all groups except the
normal control group (Majeed et al. 2021). Subsequent to
Ist week of the study, glucose levels were measured from
all rats according to the tail vein method using On-Call Plus
(catalog # G1 13—214\/ ) glucometer. Rats that showed blood
glucose levels higher than 300 mg/dl were confirmed to be
diabetic and included in the study (Majeed et al. 2021).

Treatment protocol and sample collection

All rats were divided into the following groups (n=15/
group). Groupl: normal control (NC)=daily routine
diet + water ad libitum, Group 2: diabetic control (DC),
Group 3: treated with (GL) glibenclamide (10 mg/kg) p.o,
Group 4: treated with AJEAE (250 mg/kg) p.o, and Group
5: treated with AJEAE (500 mg/kg)p.o (Ashfaq et al. 2016).
After completion of the 28th day of the study, all rats were
made overnight fast, anesthetized (i.p. 3% sodium pentobar-
bital), and then sacrificed. Blood samples were obtained,

then centrifuged for 10 min at 4000 rpm for serum and for
20 min at 2000 rpm for plasma sample, and obtained sam-
ples were stored at — 80 °C for biochemical studies. For his-
topathological analysis, pancreatic tissues were preserved in
a 10% NBF solution. For biochemical investigations, tissue
homogenates were prepared by homogenizing the pancre-
atic and hepatic tissues in a buffer solution containing 50
mMTris-HCl & 1.15% KCL.

Estimation of serum glycemic markers

For assessment of glucose overloading, an oral glucose toler-
ance test (OGTT) was performed at the end of the trial. After
16 h of overnight fasting, all groups of rats were treated
with their respective treatments. Then 30 min following
each treatment, rats were loaded with 4 g/kg glucose solu-
tion. Blood samples were collected via tail prick method
and serum glucose levels for each rat at 1, 3, and 5 h of the
treatment were measured using a glucose assay kit (Sudas-
inghe and Peiris 2018). The prime hallmark of DM is insu-
lin. Fasting plasma insulin levels were estimated by using
an ELISA kit (Thermo Fisher Scientific Catalog# ERINS).
Fasting plasma glucose levels of all groups were measured
by using a rat glucose assay kit of Crystal Chem, USA #
81,693. According to International Diabetes Federation
(IDF), HbAlc is a reliable diagnostic biochemical marker
for diabetes. Glycated hemoglobin (HbA1c) was assessed by
ELISA kit (Rat HbA1c ELISA kit catalog # MBS2509196).
Estimation of insulin resistance was carried out by using the
homeostasis model assessment method, HOMA-IR (Chao
et al. 2018), and was calculated using the following formula:

Fasting glucose (mmol/L) X fasting insulin (uU/mL)/22.5

Estimation of serum lipid profile

One of the complications observed after diabetic hypergly-
cemia is dyslipidemia, the serum lipid profile of rats was
evaluated in this study. Triglycerides (Rat Triglyceride
ELISA Kit, Catalog BS726298), high-density lipoprotein
(Rat High-Density Lipoprotein (HDL) ELISA Kit, Catalog
MBS26654), low-density lipoprotein (Rat LDL-Cholesterol
Assay Kit, Catalog 79,960), total cholesterol (Rat Total cho-
lesterol ELISA Kit, Catalo MBS846775), and very-low-den-
sity lipoprotein (Rat very-low-density lipoprotein (VLDL)
ELISA Kit, MBS706188) were analyzed according to the
manufacturer’s protocol.

Estimation of serum inflammatory markers

Hyperglycemia caused high levels of ROS and pro-inflam-
matory cytokines, so serum cytokines (TNF-a, I[L-6) were
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measured by commercially available ELISA kits (RayBio®
Rat, RayBiotech, Norcross, GA, USA) according to the
instruction of the manufacturer.

Estimation of oxidative stress markers

Hyperglycemia induced oxidative stress in terms of an
increased generation of reactive oxygen species and sup-
pression of antioxidant defenses system. Oxidative stress
was assessed in pancreatic and hepatic tissue homogen-
ates by estimation of lipid peroxidation (malondialde-
hyde; MDA) using Rat LPO ELISA Kit (Catalog No:
MBS2515688) and nitric oxide (NO) level by using
nitric oxide Colorimetric Assay Kit (Catalog No: E-BC-
K035-M) according to manufacturer’s protocol. Cata-
lase (CAT) activity was measured by using Rat Catalase
ELISA kit (Catalog No: MBS726781); CAT ELISA kit
applies the quantitative sandwich enzyme immunoas-
say technique; glutathione peroxidase (GPx) level was
accessed by using Rat Glutathione Peroxidase ELISA
kit (Catalog Number: MBS744364); the procedure fol-
lowed the manufacturer’s protocol (Competitive ELISA).
Superoxide dismutase (SOD) level was measured by
using Rat Superoxide Dismutase ELISA Kit (Catalog No:
MBS036924) according to the manufacturer’s protocol;
this is quantitative sandwich Elisa Kkit.

Histopathological analysis

For histopathological analysis, portions of pancreatic tis-
sues were fixed in formalin (10%) for 1 day. Following
the fixation, tissues were dehydrated and paraffinized
in wax. Serial sections were made via microtomy and
stained with H&E dyes for microscopic examination

(IRMECO GmbH & Co, no: IM-91) at a magnification
power of 40 X, and images were captured using a digital
camera inbuilt with the microscope.

Statistics

All data represent at least three autonomous experiments
and results were shown as mean + S.E. Statistically data
were analyzed by analysis of variance (ANOVA) fol-
lowed by Duncan multiple ranges (Graph Pad Prism
Software, version 8.0.1, 244). All p values < 0.05 were
considered statistically significant.

Results
Characterization of AJEAE by using HPLC

The flavonoids and phenolic fingerprint of the AJEAE
are presented in Fig. 1. The HPLC results of AJEAE
revealed the occurrence of different flavonoids and phe-
nolics with 30 peaks and retention times ranging from
2.74 to 31.14 min. Based on the retention times and spec-
tral data, AJEAE showed a UV band at 280 nm charac-
teristics for flavonoids and phenolic compounds, possi-
bly quercetin > ferulic acid > sinapic acid > chlorogenic
acid > vanillic acid > syringic acid > gallic acid > Kaemp-
ferol > M-coumaric acid > cinnamic acid (Table 1, Fig. 1).

Total phenol and flavonoid contents

Total phenolic contents in AJEAE were determined by using
gallic acid as the standard. TPC was 77.06 mg GAE/g. Total

Fig.1 HPLC chromatogram of mv]
AJEAE. Stationary phase C18 | Tsedia I
(5.0 uM) (25 cm x 4.6 mm) and |
SIL-20A auto sampler (Shi- 80+ V
madzu Scientific Instruments, |
Kyoto, Japan). Acetic acid and
acetonitrile used as mobile = ' )
k . 40— Kaempferol
phase. Combination of different E il |
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Table 1 HPLC chromatogram profile of fingerprint of AJEAE

Compounds Retention time Concen-  Area (mV.s) Area (%)
tration
(ppm)
Quercetin 2.747 21.35 402.043 8.8
Kaempferol 6.833 4.15 259.860 5.7
Cinnamic acid  26.667 347 267.572 5.8
M-coumaric 20.020 3.87 323.092 7
acid
Gallic acid 4.253 4.25 119.224 2.6
Syringic acid 16.273 4.35 174.160 3.8
Vanillic acid 13.267 6.56 105.900 23
Chlorogenic 15.013 8.23 135.625 3.0
acid
Sinapic acid 24.767 17.11 489.127 10.6
Ferulic acid 22.140 18.41 255.889 5.6

Bold entries are representing the Retention times, concentrations and
Areas (mV.s; %) for different compounds detected in AJEAE

flavonoid contents of the AJEAE were determined by using
quercetin as standard. TFC was 83.83 mg QE/g.

DPPH activity

The antioxidant activity of AJEAE was assessed on the
basis of their capability to scavenge stable free DPPH
radicals. The results clearly specified that AJEAE inhib-
ited free radical generation based on the concentration
used (Table 2). AJEAE showed percent inhibition of
69.470 at maximum concentrations of 1 mg/ml with IC
50 value of 0.77 mg/ml (+/— SEM). Reference stand-
ard ascorbic acid showed an IC 50 value of 0.54 mg/ml
(+/—SEM).

Alpha-amylase inhibition activity

All concentrations of AJEAE were tested on the
a-amylase enzyme. The a-amylase activity of the AJEAE
exhibited inhibitions of 71.8% at a maximum concentra-
tion of 1 mg /ml with an IC 50 value of 0.51 (+/—SEM).
The IC 50 value for standard (acarbose) was 0.29 mg/ml
(+/—SEM) (Table 3).

Table 3 Percentage inhibition of a-amylase analysis at different con-
centrations of AJEAE and IC50 values (+/—SEM)

Concentra- % inhibition IC 50 value % inhibition IC 50 value
tions mg/  of acarbose mg/ml of AIEAE  mg/ml

ml

0.2 45.5 0.29 30.9 0.51

0.4 56 45.7

0.6 62.8 57.6

0.8 76.5 65.9

1 85.9 71.8

Effect of AJEAE on glycemic markers

In OGTT, GL and AJEAE induced a significant reduction
in serum glucose levels from 1 to 5 h (p <0.01). Fast-
ing plasma insulin levels were significantly (p <0.001)
elevated in GL- and AJEAE-treated rats in compari-
son to the diabetic control group. Fasting plasma glu-
cose and HbAlc levels were noticeably (p <0.001) aug-
mented in all diabetic rats in comparison to the normal
control group. However, administration of GL- and
AJEAE-graded doses reduced the levels of plasma glu-
cose and HbA1c levels dose-dependently in comparison
to the diabetic control group. Insulin resistance leads to
a subsequent increase in fasting insulin levels as the dis-
ease grows. An increase in fasting insulin is one of the
most important signs of insulin resistance in the present
study. HOMA-IR is a biomarker of insulin resistance. GL
and AJEAE restored HOMA-IR values to near normal
(Fig. 2).

Effects of AJEAE on serum lipid profile

Substantial (p < 0.05) raise in serum TC, TG, LDL, and
VLDL while a decrease in HDL levels was detected in
the alloxan-treated group rats compared to the control
group. Furthermore, AJEAE treatment especially at
high dose (500 mg/kg) showed an anti-lipidemic effect
and produced a significant (p <0.05) reduction in TC,
TG, VLDL, and LDL and an increase in HDL levels as

Table 2 Percentage inhibition

¢ o Concentrations % inhibition of IC 50 value mg/ml % inhibition of IC 50 value mg/ml
of DPPH a'na1y51s at different mg/ml ascorbic acid AJEAE
concentrations of AJEAE and
IC50 values (+/—SEM) 02 315 0.54 19.523 0.77
0.4 40.8 27.879
0.6 52.8 39.156
0.8 61.8 43.175
1 78.9 69.470
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Fig.2 Effect of AJEAE on
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Table 4 Effect of AJEAE on serum lipid profile
Parameters Groups
NC DC GL AJEAE 250 mg/kg AJEAE 500 mg/kg
Cholestrol mg/dl 70.50+£0.4041 198.7 +1.856*" 88.27 + 1.3170%# 103.3 +3.351 92.33 + 1.7345%k
Triglycerides mg/dl 73.20+1.172 139.7+2.771 85.63 +0.6360" 129.3+0.9333%+ 104.4 +3.2255 5
HDL mg/dl 28.80+0.3606 17.2040.1732%%% 21,87 +0.1202%%* 18.80+0.1528 P# 22.37 +0.2404%%
LDL mg/dl 34.97+0.1453 155.5 +2.754 Bk 55.30 +0.28870 95.33 +2.609 D 81.03 £3.295*
VLDL mg/dl 17.93+0.2963 33.43+0.2728% % 21,63 +0.5207"% % 29.67 +0.5207 b#+ 24.03£0.8110%#*

Values are illustrated as mean + SEM; n=15 per group. Statistical comparisons ‘‘a” compared with normal control, ‘‘b” compared with diabetic
control. * represents significance at p <0.05, ** represent significance at p <0.01, *** represent significance at p <0.001a

compared to the DC group, thus indicating the more
pronounced antilipidemic effects of AJEAE high dose
(500 mg/kg (Table 4).

Effects of AJEAE on serum inflammatory markers

Figure 3 describes the inflammatory response of hepatic
and pancreatic tissues in all groups. Results showed sig-
nificant (p <0.001) elevation of TNF-a and IL-6 levels
after diabetes induction compared to the control group.
Though, GL and AJEAE (250 mg/kg; 500 mg/kg) treat-
ment significantly (p <0.001) decreased the inflammatory
markers compared to diabetic group dose-dependently.

@ Springer

Effects of AJEAE on oxidative stress markers

As shown in Figs. 4 and 5, significant (p <0.001)
decline was observed in hepatic and pancreatic antioxi-
dant enzymes (SOD, GPx, and CAT) in alloxan-treated
group compared to the control group. However, GL and
AJEAE (250 mg/kg; 500 mg/kg) treatments resulted in a
remarkable increase in the antioxidant levels with respect
to the diabetic group (p <0.001). About non-enzymatic
oxidative stress markers, a substantial increase of LPO
and NO contents in hepatic and pancreatic tissues were
observed in the diabetic group in comparison with the
control group. However, treatment with GL and AJEAE
(250 mg/kg; 500 mg/kg) in diabetic rats decreases LPO
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and NO levels in both tissues with respect to the diabetic
group.

Histopathological results

The pancreatic tissues of the NC group showed a normal
structure with contact islets of Langerhans (Fig. 6a) while
in the DC group the islets of Langerhans exhibited signs
of atrophy as well as shrinkage, additional severe dam-
age to the exocrine part. However, GL-treated rats showed
improvement in the histopathological changes of islets of
Langerhans showing improved p-cell concentration/mass.
AJEAE-treated groups preserved the pancreatic tissues,
efficiently attenuated the pancreatic lesions, and improved
B-cell mass. Damage to the pancreatic pB-cells is the main
symptom in diabetes and consequently caused impairment
of insulin production. Our findings suggest that AJEAE
improved the histoarchitecture of pancreatic beta cells and
insulin release dose-dependently (Fig. 6a-e).

Discussion

Diabetes mellitus is accompanied by noteworthy changes
in lipid and glucose metabolism and the stimulation of oxi-
dative stress which are contributed to the development of
DM-related complications (Albasher et al. 2020). Different
lifestyle and dietary factors including physical inactivity,
weight gain, obesity, and low fiber diet play a substantial role
in diabetes development (Idm’hand et al. 2020). Our findings
revealed the occurrence of various flavonoids and phenols
in AJEAE (Table 1, Fig. 1). Flavonoids are major bioactive
compounds and according to previous literature, they have

the property to inhibit cell damage as -cell damage is the
main factor for the development of diabetes (Manach2004;
Wang et al. 2018a, b). A higher intake of total flavonoids has
been linked with a lower risk of diabetes in several human
studies (Cao et al. 2019). Our results indicated that AJEAE
contains a high concentration of flavonoids, i.e., quercetin
and kaempferol which have strong anti-oxidant and anti-
inflammatory activities (Gavamukulya et al.2014).

Supporting the results of preceding research studies, feru-
lic acid and sinapic acid have antioxidant, anti-inflammatory,
anti-microbial, anticancer, and antidiabetic effects (Zdurnska
et al. 2018; Chen 2016). Chlorogenic acid is proven to pos-
sess antioxidant, anti-inflammatory, antibacterial, and free
radical scavenger activities and also has the property to
improve glucose homeostasis (Majeed et al.2021; Naveed
et al. 2018). Vanillic acid ameliorates hyperglycemia-
induced oxidative stress and inflammation (Ji et al.2020)
and syringic acid reduces oxidative damages (Sababhi et al.
2020). Gallic acid increases insulin release and has antioxi-
dant and anti-inflammatory properties (Majeed et al. 2021;
Kahkeshani et al. 2019). Cinnamic acid is linked with a ben-
eficial influence on the management of diabetes and its com-
plications (Adisakwattana2017). Interestingly, all the phenol
and flavonoid compounds detected in AJEAE are responsible
to be therapeutically effective against diabetes due to their
antioxidant and anti-hyperglycemic activities.

In vitro antioxidant activity of AJEAE was evaluated
by DPPH. The result of the present study revealed that
AJEAE contains bioactive compounds with a high capabil-
ity to scavenge free radicals. These phytochemicals could
be phenolic and flavonoids which might have potent anti-
oxidant activities. Antidiabetic potential (in vitro) was
evaluated by a-amylase inhibition assay; a-amylase is a
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Fig.4 Effect of AJEAE on hepatic oxidative stress markers. ###
shows p<0.001, * represents significance at p<0.05, ** repre-
sent significance at p<0.01, *** represent significance at p <0.001.

carbohydrate-digesting enzyme required to hydrolyze com-
plex polysaccharides to simple sugars. We found that AJEAE
exhibited 71.8% inhibition of a-amylase enzyme activity
(Table 3). This enzyme inhibition has been confirmed to be
an effective approach to controlling postprandial sugar levels
(Ononamadu et al. 2019). These results indicated that the
study plant could demonstrate hypoglycemic activity pos-
sibly by inhibition of pancreatic a-amylase.

In the current study, alloxan monohydrate induced dia-
betes by direct damage to pancreatic -cells, resulting in
loss of insulin secretion and hyperglycemia. We found a

@ Springer

Abbreviations: NC: normal control, DC: diabetic control, GL: glib-
enclamide (10 mg/kg), AJEAE: A. jacquemontii ethyl acetate extract

remarkable reduction in plasma glucose and improvement
in plasma insulin levels in AJEAE- and GL-treated groups
(Fig. 2, p<0.001). To measure insulin sensitivity, HOMA-
IR was conducted. The results demonstrated that HOMA-
IR in diabetic rats was increased (p <0.001). However in
AJEAE- and GL-treated groups, HOMA-IR significantly
decreased (p <0.001). OGTT is the measure of the body’s
ability to utilize glucose that serves as a standard procedure
for the diagnosis of borderline diabetic patients in the clini-
cal setup (Alema et al. 2020). Diabetic rats showed statis-
tically elevated blood glucose levels compared to NC rats
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Fig.5 Effect of AJEAE on pancreatic oxidative stress markers. ###
shows p<0.001, * represents significance at p<0.05, ** repre-
sent significance at p<0.01, *** represent significance at p<0.001.

and AJEAE and treated rats (p <0.001). The hypoglycemic
activity of AJEAE may refer to the inhibition of free radical
species—formation induced by alloxan. In agreement with
previous research studies, plant extracts containing high
flavonoids and polyphenol compounds have the potential
to increase insulin secretion, the regenerative potential of
B-cells, by inhibiting ATP—sensitive K + channels like glib-
enclimide (Arunachalam and Parimelazhagan 2014). Fla-
vonoids have the property to inhibit cAMP phosphodies-
terase which is responsible for insulin secretion (Albasher
et al. 2020). To assess the long-term glycemic control dur-
ing diabetic treatment, HbAlc is one of the most important

Abbreviations: NC: normal control, DC: diabetic control, GL: glib-
enclamide (10 mg/kg), AJEAE: A. jacquemontii ethyl acetate extract

markers (Yazdanpanahet al. 2017; Chehregoshaet al. 2019).
WHO has also recommended adopting HbAlc as an index
to diagnose diabetes in countries and regions where con-
ditions were amenable (Wang et al. 2018a, b). This study
observed a significant decrease in HbAlc levels in GL- and
AJEAE-treated groups (Fig. 2).

Diabetes mellitus is connected with augmented morbid-
ity and mortality that result from cardiovascular diseases
(Lamacchia and Sorrentino 2021). In DM, the metabolism
of lipids is also disturbed. Several studies reported that
hyperglycemia in STZ-induced diabetic animals caused
dyslipidemia (El-Badawy et al. 2019). An altered lipid

@ Springer
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Fig.6 A-E Representative photomicrograph of pancreatic tissue sec-
tions (H&E,x40). A Normal control (NC) rats showing preserved
histoarchitecture of pancreatic tissues with normal islets of Langer-
hans and exocrine element of pancreas. The islets of Langerhans
contained normal looking p-cells concentration. B Diabetic control
(DC) rats showed destructed/damaged histoarchitecture of pancre-
atic tissues with abnormal/squeeze islets of Langerhans. The islets of
Langerhans showed reduced p-cells concentration/mass compared to
NC group. C GL-treated rats showing improvement of the histopatho-
logical changes of islets of Langerhans showing improved f-cells

profile is known to establish danger for atherosclerosis in
diabetes. So, control of lipid profile is also vital along with
glucose reduction to reduce the risk of diabetes (Albasher
et al. 2020). However, treatment with AJEAE stabilized
the lipid profile through a reduction in TC, TG, LDL, and
VLDL as well as a significant rise in HDL levels in a
dose-dependent manner (p <0.001). The hypolipidemic
effect of AJEAE may mention the bioactive compounds,
flavonoids, and phenols, which potentiate the release of
insulin from pancreatic B-cells and improve glucose oxi-
dation (Table 4).

Oxidative stress is a proposed mechanism for the ini-
tiation and development of diabetes, as hyperglycemia is
strongly linked with increased superoxide generation via
the mitochondrial system (Hassan 2015; Tiwari et al. 2013).
According to our results, AJEAE notably amended the pan-
creatic and hepatic antioxidant markers (SOD, GPx, and
CAT). Alloxan significantly increased the concentration of
MDA and NO compared to the control group, which indi-
cated powerful oxidative stress due to radical production

@ Springer

concentration/mass compared to DC group as shown in the figure.
It is also showing slightly normal acinar cells. D After treatment of
rats with AJEAE (250 mg/kg), islet of Langerhans was present in
the endocrine element having moderate number of B-cells and acinar
cell concentration. E Rats treated with AJEAE (500 mg/kg) showing
pancreatic tissue revealed normal looking endocrine and exocrine ele-
ments. Endocrine part (islet of Langerhans) was improved and normal
looking fB-cell concentration is better than rats treated with AJEAE
(250 mg/kg). IRMECO GmbH & Co, no: IM-91, scale bar =40 pm

(Anwar and Meki 2003). AJEAE treatment results in a sig-
nificant reduction of MDA and NO levels as compared to
the diabetic group.

There is a significant link between inflammation and
f-cell damage that signifies its association with the patho-
genesis of DM. Hyperglycemia results in the formation of
advanced glycation products which is related to inflamma-
tion. TNF-a and IL-6 are suggested to increase the inten-
sity and occurrence of diabetic complications (Albasher
et al. 2020). In this study, we further evaluated the levels
of the pro-inflammatory cytokine, TNF-a, and IL-6 as
these cytokines are recognized to show a vital role in the
development of insulin resistance (Ramadan et al. 2017).
In diabetic rats, elevated levels of serum TNF-o and IL-6
were detected, instead AJEAE considerably (p <0.001)
reduced the TNF-a and IL-6 levels in a dose-dependent
manner. The projected pathogenic mechanisms of f-cell
dysfunction include glucotoxicity, lipotoxicity, endoplas-
mic reticulum stress, and activation of the renin-angioten-
sin system. Interestingly, all these pathogenic mechanisms
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provoke an inflammatory response. Histopathological
analysis has revealed that DC rats show damaged histo-
architecture of pancreatic tissues with squeeze islets of
Langerhans. The islets of Langerhans showed reduced
B-cell concentration. Reduced cell mass or function can
both lead to insufficient insulin levels, which can result
in hyperglycemia and diabetes. GL-treated rats showed
improvement of the histopathological changes of islets
of Langerhans with improved p-cell mass. AJEAE con-
siderably normalized the histoarchitecture of pancreatic
tissues. Interestingly AJEAE treatment showed signifi-
cant pancreatic f-cell regenerative potential due to the
dramatic rise in pancreatic f-cell population and suppres-
sion in uncommon histological changes in comparison
to the DC group (Fig. 6a—e). Concerning the mechanism
through which AJEAE can improve the histoarchitecture
of pancreatic f-cells, earlier research studies have found
that flavonoids and phenolics exhibit significant contribu-
tions in the regeneration of B-cells (Elshamy et al. 2017).
The histopathological findings are in correlation with bio-
chemical results as the bioactive compounds detected in
the plant under study play a key role in the improvement
of lipid and glucose metabolism and possess significant
anti-inflammatory and antioxidant properties. Limitations
of our study were we could not perform gene expression
analysis and C-peptide tests for further molecular analysis
and insulin synthesis information due to lack of facilities.
In the future, we have planned to perform the gene expres-
sion analysis to understand the molecular mechanisms
involved in the antihyperglycemic potential of the plant
under study. However, concerning the merits of the present
study, we have proposed the hypoglycemic, hypolipidemic,
antioxidant, and pancreatic -cell regenerative properties
of Acacia jacquemontii through its protective role in -cell
mass and functioning along with observable improvement
in glycemic and lipidemic status and suppression in oxida-
tive status.

Conclusion

Observations of the present study have revealed the ame-
liorative activity of AJEAE, probably attributed to the pres-
ence of bioactive compounds which were previously quali-
fied as key candidates in downregulation of hyperglycemia
via modulation of glycemic, lipidemic, anti-inflammatory,
and anti-oxidant defense markers. Furthermore, AJEAE
also showed strong regenerative pancreatic -cell poten-
tial through improvement in histoarchitechture of pancre-
atic p-cells. The findings of the present study highlight the
therapeutic significance of Acacia jacquemontii in the man-
agement of hyperglycemia, providing mainstream for the

development of therapeutic alternatives that probably offer
cheaper and safe remedies in treating diabetes with minimal
side effects.
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