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Abstract

Background: Hyperglycemia-induced oxidative stress accelerates the process of apoptosis in tissues. Dilleniaindica (DI) is a medicinal
plant, and its fruit contains many therapeutic properties. The therapeutic activity of the Methanolic Fruit Extract (MFE) of DI in atten-
uating oxidative stress and apoptosis in the liver and kidney tissues of alloxan-induced diabetic mice was analyzed in the present study.
Methods: High-Performance Thin Layer Chromatography (HPTLC) profiling of MFE was conducted. GLUT4 protein expression anal-
ysis and lipid peroxidation assays were conducted to check for MFE effect by administering in diabetic mice. An ultrastructural study
was conducted for both the tissues. In apoptotic studies, the TUNEL assay and apoptotic protein expression analysis was conducted.
Results: High-Performance Thin Layer Chromatography (HPTLC) profiling of MFE showed the presence of two crucial antioxidants,
ascorbic acid, and naringenin. In GLUT-4 protein expression analysis, MFE suppresses hyperglycemia by upregulating GLUT4 protein
expression. Lipid peroxidation assay showed a decrease in malondialdehyde (MDA) upon MFE administration in diabetic mice. An ul-
trastructural study was conducted, and MFE was found to restore cellular alterations in diabetic tissues. In apoptotic studies, the TUNEL
assay shows that MFE treatment showed fewer apoptotic cells than the diabetic group. The study also observed decreased caspase 3
protein expression and increased Bcl-2 protein expression. Conclusions: Therefore, it is inferred from the study that MFE can exert a
protective effect by suppressing hyperglycemia and modulating oxidative stress and apoptosis in alloxan-administered diabetic mice.

Keywords: Dillenia indica extract; HPTLC; alloxan; hyperglycemia; oxidative stress; apoptosis

1. Introduction

Diabetes mellitus (DM) is a group of metabolic alter-
ations characterized by hyperglycemia resulting from de-
fects in insulin secretion, action, or both [1]. Glucose trans-
porter 4 (GLUT4) is a prime carrier for glucose transport
which transports blood glucose into muscle cells and fat
tissues. Disruption in the GLUT4 expression induces in-
sulin resistance [2]. Therefore, it has been considered a
therapeutic target for pharmacological intervention strate-
gies to control diabetic hyperglycemia [3]. However, in dia-
betic conditions, the intracellular Reactive Oxygen Species
(ROS) level is subsequently increased by the mitochondrial

respiratory chain reaction and other activities. The pro-
cesses promoting ROS production include glucose autox-
idation, glycosylation, glucosamine, and polyol pathways
[4,5]. A combination of ROS overproduction and concomi-
tant downregulation of the activity of antioxidant enzymes
leads to the alteration in the redox homeostasis, causing ox-
idative stress in diabetes [6,7]. ROS attack causes mem-
brane disintegration and releases cytochrome C into the cy-
tosol, triggering apoptosis [8].

Apoptosis, commonly called programmed cell death,
is a natural process of cell death [9]. The protease enzymes
known as caspases can be categorized as initiator caspases
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(caspase-9) and effector caspases (Caspase-3, caspase-6,
and Caspase-7), and they are essential apoptosis-related en-
zymes [10]. Cytochrome-c binds to the cytosolic Apaf-1
(apoptosis protease activating factor-1) and triggers the for-
mation of an apoptosome complex. This complex recruits
initiator pro-caspase-9 to its Caspase recruitment domain,
allowing auto-activation and then proteolysis [11]. The pro-
cess, in turn, activates downstream executor caspases-3, 6,
and 7 for cleavage of cellular substrates leading to apoptotic
cell death [12,13]. Another protein family known as B-cell
lymphoma-2 (Bcl-2) is seen to control apoptosis through a
mechanism that controls the permeability of the mitochon-
drial membrane. Bcl-2 proteins are classified as either pro-
or anti-apoptotic, depending on whether they inhibit or ac-
celerate the apoptotic process [14,15].

Although several therapies are available for treating
diabetes, like expensive medications, there are various lim-
itations linked to it [16]. Medicinal plants with potent phar-
maceutical properties could be potent sources of treatments
for the existing remedies [17,18]. DI is one such medic-
inal plant chosen for the study since it has many thera-
peutic properties. DI, commonly recognized as Elephant
apple or Indian catmon (English), is widely spread in In-
dia, Bangladesh, Nepal, and Sri Lanka [19]. It was also
found traditionally that in various parts of northeast India,
the juices of bark and leaves were mixed and given orally
to treat cancer and diarrhea [20,21]. Also, different lit-
erature review on the plant shows that the leaves, bark,
and fruits of DI have extensive medicinal values, includ-
ing antioxidant potential [22]. Oral synthetic hypoglycemic
drugs, the primary source for controlling diabetes, fail to
reverse the course of its complications, and turn, worsen
as they demonstrate side effects. Natural products could be
promising lead candidates for significant drug development
with benefits such as availability ease, low cost, and most
minor side effects, making them the key players of avail-
able therapies, especially in rural areas. Moreover, many
bioactive chemicals found in plants are free from undesir-
able side effects and possess decisive pharmacological ac-
tions [23]. The present experimental study was intended to
contribute to particular research significance so that natural
products could be more opted in combating diabetes and its
related complications, preventing significant side effects in
the body bought about by synthetic drugs. Hence, a recent
study was conducted; to examine the potential impact of DI
fruits on hyperglycemia and oxidative stress-related apop-
tosis in the kidney and liver tissues of diabetic mice.

2. Materials and Methods
2.1 Chemicals

Metformin and alloxan were obtained from Sigma-
Aldrich co. USA. Sodium dodecyl sulfate (SDS), bovine
serum albumin (BSA), and H50, were procured from
Merck life sciences Pvt. Ltd. India. Analytical grade
Chemicals were obtained from Merck Co. (Mumbai, In-

dia), Sisco Research laboratory, Himedia, and S.D. Fine
chemical Ltd. India. TUNEL assay kit was purchased from
Roche, Switzerland. Anti-caspase 3 antibody was obtained
from Sigma —Aldrich Co.USA, anti- Bcl2 and anti-GLUT4
antibody from Merck life sciences Pvt. Ltd. India.

2.2 Plant Material

The DI fruits were collected from Guwahati, Assam.
Plant identification was made by Dr.P. B. Gurung, Curator
herbarium, Botany Department, North-Eastern Hill Univer-
sity, Shillong, Meghalaya (Voucher No: 12056).

2.3 Experimental Animals

Healthy Swiss albino male mice (Balb/C strain)
weighing 25-30 gm of body weight (b.w) were selected for
the experiment. All the experiments were conducted fol-
lowing the Institutional Ethics Committee (IEC) guidelines,
Animal model, North Eastern Hill University, Shillong, In-
dia, dated 04/12/2014. Animal models (mice) were kept in
appropriate cages of polypropylene, fed standard laboratory
feed, and the environment was held at a constant 25 + 2 °C
temperature with a 12 hr day/night cycle.

2.4 Preparation of Extract

Harborne [24] described the method for preparing the
extract. DI fruit pieces were air-dried until totally dry
at room temperature. Dried fruit was grounded in pow-
der form in a blender. It was further extracted overnight
through incubation while continuously stirring with ten
volumes of methanol: aqueous solution (4:1) to create
Methanolic fruit extract (MFE). After the mixture was fil-
tered, the filtrate was maintained in a rotary evaporator at
38 °C until it evaporated and dried. After that, the dried
extract was kept at —20 °C until future investigations.

2.5 High-Performance Thin Layer Chromatography
(HPTLC) Fingerprinting

The HPTLC fingerprinting procedure was performed
using Syed et al. [25]. With an automatic TLC applica-
tor Linomat-5b with N2 flow (CAMAG, Muttenz, Switzer-
land), aliquots of the sample (MFE)/Standards were ap-
plied on Merck, TLC silica gel 60 F 254 plates as an 8 mm
broadband. After applying the sample, the plates were de-
veloped for 20 minutes in a glass tank pre-saturated with
the mobile phase. White light and the Valid Diagnostics
visualizer (S/N: 150503) were used to observe the devel-
oped plates. Furthermore, these plates were allowed to
air dry at room temperature (R.T.) for five minutes before
the chromatogram was derivatized for ten minutes using an
anisaldehyde-sulfuric acid reagent previously heated to 100
°C. The derivatized plates were also observed under white
light and at A254 nm. The plates were scanned using scan-
ner 4 (S/N: 170422) from Valid Diagnostics, India at 366
nm with win-CATS-V 1.2.3 software (CAMAG, Muttenz,
Switzerland) to perform a quantitative analysis of the com-
pounds.
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2.6 Preparation of Diabetic Mice

Alloxan prepared in ice-cold citrate buffer at 150
mg/kg was given intraperitoneally to cause diabetes (0.1 M,
pH 4.5) in mice. Mice had unrestricted access to food and
liquids following injection. After receiving an alloxan in-
jection for 72 hours, the mice’s fasting blood glucose lev-
els (FBGL) were measured using a glucostix (S.D. Check
Gold, Korea), and mice with an FBGL of 200 mg/dL or
more were diagnosed as diabetic.

2.7 Analysis of GLUT4 Protein Expression
2.7.1 Experimental Design

The study was performed in four different groups of
overnight fasted mice consisting of six mice in each group:

Group 1: Normal control (NC) mice administered
with only distilled water

Group 2: Diabetic control (DC) mice administered
with only distilled water

Group 3: Diabetic mice administered with 50 mg/kg
b.w of metformin (D+MET)

Group 4: Diabetic mice administered with 350 mg/kg
b.w of MFE (D+MFE)

Doses were injected every alternate day for 21 days
intraperitoneally [26]. After 21 days of treatment, the mice
were killed and carefully dissected to remove the skeletal
muscles of the limbs for subsequent study.

2.7.2 Skeletal Muscle Homogenization

The limb muscle was excised and extracted in 10%
(w/v) extraction buffer containing sodium chloride (150
mM), 0.1% Triton X100, 0.5% Sodium deoxycholate, 0.1%
Sodium dodecyl sulfate (SDS) and Tris buffer (50 mM, pH
8.0). Homogenates were centrifuged at 13000g for 15 min-
utes at 4 °C [27]. The supernatant was immediately col-
lected and stored at —80 °C for GLUT4 protein expression
analysis.

2.7.3 Western Blot Analysis

Western blot is an analytical technique to detect a spe-
cific protein in a sample of tissue homogenate. Sample
and the 5 Laemmli buffer containing (5% SDS, 50% glyc-
erol, 0.1% bromophenol blue, 250 mMTris-HCL, pH 6.8,
and 5% of 2-mercaptoethanol) were prepared quickly. The
membrane was placed in a blocking solution made of Tris-
buffered saline (TBS) with 5% skim milk for 3 hours at
room temperature. The membrane was treated with anti-
GLUT4 antibody (0.5 g/mL) or anti-actin (1:1000) anti-
bodies overnight at 4 °C after being washed with TBS and
Tween Tris-buffered saline (TTBS). As a loading control,
an actin antibody was utilized (housekeeping gene). The
membrane was rewashed in TBS and TTBS and incubated
with hydrogen peroxidase (HRP) conjugated secondary an-
tibodies (1:5000) for two h at room temperature, followed
by the addition of substrate (TMB/H205) for color devel-
opment. The reaction was stopped by washing the mem-
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brane in double distilled water and photographed using an
H.P. Scan Jet 7400C. The blots were quantified densitomet-
rically using My Image Analysis software, Thermo Fisher
Scientific Inc., and expressed as the relative intensity com-
pared with the 3-actin protein.

2.8 Study of the Effects of MFE on Oxidative Stress and
Apoptosis

2.8.1 Experimental Design

The study was performed in four groups of overnight
fasted mice, with three in each group.

Group 1: Normal control (NC) mice administered
with only distilled water

Group 2: Diabetic control (DC) mice administered
with only distilled water

Group 3: Diabetic mice administered with 50 mg/kg
b.w of Ascorbic acid (D+AA)

Group 4: Diabetic mice administered with 350 mg/kg
b.w of MFE (D+MFE)

Doses were administered to mice intraperitoneally by
injecting every alternate day for up to 21 days [26]. At the
end of the experimental period, mice were sacrificed and
dissected to excise each group’s liver and kidney tissues for
subsequent analyses.

2.8.2 Lipid Peroxidation Assay

2.8.2.1 Preparation of Cytosolic and Mitochondrial Frac-
tions of Tissues. According to the Graham, 2002 method,
cytosolic and mitochondrial fractions of tissues were pre-
pared by differential centrifugation. Tissues were homog-
enized in 10% (w/v) HEPES buffer, pH 7.4. Tissue ho-
mogenates were centrifuged at 1000 g for 10 minutes at
four °C, and the supernatant was collected and again cen-
trifuged at 7500 g for 10 minutes at 4 °C. The resulting su-
pernatant from the second centrifugation was collected and
centrifuged at 15000 g for 10 mins at 4 °C. The resulting
supernatant obtained was the cytosolic fraction. The result-
ing pellet was further washed in buffer and centrifuged at
7500 g for 10 minutes at 4 °C to obtain the mitochondrial
fraction [28,29].

2.8.2.2 Quantification of Protein. The specific enzymatic
activities were determined through total protein concentra-
tion present in the fractions of the cytosolic and mitochon-
dria through bovine serum albumin (BSA) as the standard
per the given protocol [30]. The thiobarbituric acid reac-
tive substances (TBARS) were measured through the Lipid
peroxidation assay [31]. Further, MDA (malondialdehyde)
levels were obtained by extrapolating the curve, and the re-
sult was expressed as nm MDA/mg protein.

2.8.3 Ultrastructural Studies

Tissues were prepared using a modified version of
Hayat’s [32] approach for the ultrastructural examination.
Cut into small pieces, the liver and kidney tissues were
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Fig. 1. HPTLC fingerprinting of Gallic acid, Tannic acid, Ascorbic acid, Naringenin, Quercetin, and MFE observed at A\254 nm.

The mobile phase used is (n-butanol: glacial acetic acid: water (4:1:1 v/v/v) (A). HPTLC band chromatogram of MFE of DI compared

with standards ascorbic acid and naringenin (B) HPTLC peak scanning chromatogram of MFE of DI compared with standards ascorbic

acid and naringenin.

fixed in Karnovsky’s fixative. The fixed tissue pieces were
washed with cacodylate buffer (0.1 M) and centrifuged at
10,000 g for 1 minute. The tissue fragments were dehy-
drated in increasing acetone concentrations (70-95%) after
being postfixed in 1% osmium tetraoxide. After being im-
planted in a solution of embedding medium and propylene
oxide, tissue fragments were sectioned using an ultramicro-
tome. After being stained with uranyl acetate, the sections
were examined using a transmission electron microscope
(JEM-2100, JEOL).

2.8.4 Terminal Deoxynucleotidyl Transferase
(TdT)-Mediated dUTP Nick-End Labeling (TUNEL)
Assay

The fluorescein-based TUNEL assay method was
used for in-situ DNA fragmentation detection. Sequential
five m-sized pieces of paraffin-embedded tissue were at-
tached on slides coated with albumin: glycerol (1:1) and
left to dry at room temperature. Deparaffinized, rehydrated,
and phosphate-buffered saline was used to wash the sec-
tions (PBS). Sections were rinsed once more with PBS af-
ter being incubated with Proteinase K (20 g/mL in 10 mM
Tris-HCI buffer, pH 7.5) for 15 min at room temperature.
Sections were then counterstained with DAPI after being
treated with a TUNEL reaction solution containing TdT en-
zyme and Fluorescein-labeled dUTP nucleotides for 60 min
at 37 °C. Sections were then viewed under the confocal mi-
croscope after being coated with a coverslip (TCS SP5, Le-
ica, Germany).

2.8.5 Protein Expression Analysis in Apoptotic Studies

2.8.5.1 Tissue Homogenization. 10% (w/v) extraction
buffer comprising ten mM HEPES (pH 7.4), 0.2 M manni-

tol, 50 mM sucrose, and one mM EDTA was used to extract
the liver and kidney tissues. According to the procedure de-
scribed by Kaushal ef al. [27], the tissue homogenate was
centrifuged at 13000 g for 15 minutes at 4 °C. The super-
natant was immediately removed and kept at —80 °C to in-
vestigate the expression of proteins (Caspase 3 and Bcl2).

2.8.5.2 Western Blot Analysis. Western blotting of elec-
trophoresis and transferring was performed as the protocol
described. Anti - Caspase 3 IgG (1:1000) antibody, Anti-
Bcl-2 IgG (1:500) antibody, or anti-S-actin (1:1000) were
considered.

2.9 Statistical Analysis

Using the statistical program “IBM SPSS Statis-
tics 19.0 for Windows”, one-way analysis of variance
(ANOVA) and Tukey’s post hoc test were used to ana-
lyze differences between the experimental groups. The data
were presented as mean = SEM. The statistical magnitude
was set at p < 0.05.

3. Results
3.1 HPTLC Fingerprinting

HPTLC fingerprinting of MFE was done as shown
in Fig. 1A, along with various known reference standards
like gallic acid, tannic acid, ascorbic acid, naringenin, and
quercetin to assess and check their presence in the MFE
sample. The plate was developed in the solvent system
combination of n-butanol: glacial acetic acid: water in the
ratio of (4:1:1 v/v/v). Visualizing of the plate was then fol-
lowed in absorbance mode A 254 nm. HPTLC fingerprint-
ing profile of standard was observed with various Rf val-
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ues: Naringenin (Rf-0.84), Ascorbic acid (Rf-0.45), Gal-
lic acid (Rf-0.73), Tannic acid (Rf-0.71) and Quercetin (Rf-
0.79). Comparison of the MFE fingerprinting Rf value with
the standard shows the presence of the standard compound
Naringenin (Rf-0.84) and Ascorbic acid (Rf-0.45) in the
extract. The Rf value of standard ascorbic acid is 0.45,
with a peak area of 2575 in the chromatogram illustrated
in Fig. 1B. MFE’s Rf value (0.45) coincided with ascorbic
acid’s peak area of 1538. Standard naringenin has an Rf
value of 0.81 and a peak area of 1906. MFE’s Rf value
(0.82) coincides with the peak area of naringenin, 1455.
The presence of both ascorbic acid and naringenin in the
MFE sample was confirmed using this analytical approach.

3.2 GLUTH4 Protein Expression

The study aimed to analyze how MFE affected the
expression of the protein GLUT4 in the skeletal muscle
of alloxan-induced diabetic mice. Fig. 2a,b shows that
GLUT#4 expression was downregulated in diabetic control
(0.08 + 0.005), with a substantial drop in protein level ex-
pression of 0.73 fold compared to standard control (0.33
4 0.008). Furthermore, when treated with metformin and
MFE, GLUT4 expression was upregulated by 1.8 fold (0.23
4 0.01) and 3.25 fold (0.34 £ 0.005), respectively, com-
pared to the diabetic control.

GLUT4 £

B-actin
(CONTROL)

NC nC DWMET DMFE

SKELETALNUSELE
[al [b]

Fig. 2. Comparison of the Glut - 4 protein expression in
skeletal muscle between normal control (NC), diabetic control
(DC), diabetic mice treated with metformin (D+MET), and di-
abetic mice treated with MFE (D+MFE). Western blot analy-
sis and corresponding relative intensity after normalization with
[-actin (a) and fold differences between experimental groups in
skeletal muscle (b). Values are expressed as the mean = SEM
of triplicate measurements. Significance difference: ** p < 0.01
against the normal control and * p < 0.05, **p < 0.01 against the

diabetic control.

3.3 MFE Inhibits Lipid Peroxidation

Lipid peroxidation was assessed by measuring the
MDA level in selected tissues of experimental groups. As
shown in Fig. 3a, lipid peroxidation was confirmed in di-
abetic control as a level of MDA increased by 80% (1.30
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4 0.03) in the liver compared to standard control (0.72 +
0.01). Ascorbic acid and MFE-treated groups decreased
MDA by 33.3% (0.86 £ 0.02) and 38.4% (0.80 £ 0.02),
respectively, suggesting reduced lipid peroxidation com-
pared to the diabetic control group. In Fig. 3b, the level
of MDA in diabetic control was increased by 66.1% (0.71
4 0.008) in the kidney compared to standard control (0.4
+ 0.008). However, compared to diabetic control, ascor-
bic acid, and MFE-treated groups exhibited a decrease of
MDA by 12.80% (0.61 £ 0.01) and 28.5% (0.50 £ 0.003),

respectively.
-
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Fig. 3. Mean levels of malondialdehyde (MDA) in the liver
tissue (a) and mean levels of MDA in kidney tissue (b) of nor-
mal control (NC), diabetic control (DC), diabetic mice treated
with ascorbic acid (D+AA), diabetic mice treated with MFE
(D+MFE). Values represent the mean + SEM. Statistically sig-
nificant differences: ***p < 0.001, **p < 0.01 against normal
control group and ***p < 0.001, and *p < 0.05 against diabetic

control group.

3.4 MFE Ameliorates Ultrastructural Injuries

The effect of MFE on oxidative stress-mediated cel-
lular changes in different experimental groups’ liver and
kidney tissues was investigated using ultrastructural tech-
niques. The following are the evaluation’s findings.
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Fig. 4. Representative electron micrographs depict ultrastructural characteristics of hepatocytes in experimental groups con-

taining (A) standard control, (B) diabetic control, (C) diabetic mice treated with ascorbic acid, and (D) diabetic mice treated with

the MFE. N, nucleus. Magnification: 2000 x.

3.4.1 Liver

The livers of all four groups of Swiss albino mice are
depicted in electron micrographs in Fig. 4. A round or oval-
shaped nucleus with prominent nucleoli and a symmetri-
cal nuclear membrane was detected in the standard control
(A). The diabetic control, on the other hand, had an un-
evenly shaped nucleus (N) with nearly dissolved nucleoli
and an uneven nuclear membrane (B). MFE and ascorbic
acid treatment, on the other hand, had an almost identical
impact in correcting hepatic abnormalities in both treated
groups near normal (oval to round) nucleus (N), with ap-
proximately symmetrical nuclear membrane, though some
places had uneven nuclear membrane (C,D).

3.4.2 Kidney

Fig. 5 shows an electron micrograph of the kidneys of
all four groups of Swiss albino mice. Renal corpuscles with
normal extended foot processes (F.P.) lying on the sym-
metrical glomerular basement membrane (B.M.) were seen
in the standard control (A). In diabetic control, however,
the ultrastructure of the renal corpuscle was altered, as ev-

idenced by long and aberrant foot processes and abnormal
thickening of the glomerular basement membrane (B). Sur-
prisingly, diabetic mice treated with MFE and ascorbic acid
had decreased thickening of the glomerular basement mem-
brane (B.M.) and foot processes (F.P.) that were practically
normal (C, D).

3.5 MFE Modulates Apoptosis
3.5.1 TUNEL Assay

The TUNEL assay was used to investigate the in-
fluence of MFE on apoptosis morphologically using the
TUNEL staining method. The percentage of apoptotic cells
in the tissues was calculated as follows:

3.5.1.1 Liver. According to the findings in Fig. 6a,b, the
diabetic control underwent significant apoptosis, with 37%
of cells in the liver tissue being TUNEL-positive, compared
to 7.3% in the standard control. Compared to diabetes con-
trol, ascorbic acid, and MFE therapy, it has reduced apopto-
sis by 15% and 17%, respectively, suggesting its usefulness
in avoiding in vivo oxidative harm.
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Fig. 5. Representative electron micrographs depict ultrastructural characteristics of renal corpuscle in experimental groups

containing (A) standard control, (B) diabetic control, (C) diabetic mice treated with ascorbic acid, and (D) diabetic mice treated

with the MFE. B.M., glomerular basement membrane; F.P., foot processes. Magnification: 2000 .

3.5.1.2 Kidney. The percentage of TUNEL-positive cells
in diabetic control kidney tissue, as depicted in Fig. 7a,b,
was 35%, compared to 6.5% in normal control kidney tis-
sue. When compared to diabetic control in the study, ascor-
bic acid, and MFE treatment were effective in reducing
apoptotic cell death, as TUNEL-positive cells were deter-
mined to be 13% and 16%, respectively.

3.5.2 Determination of Bcl-2 and Caspase-3 Protein
Expressions

This study aimed to see how MFE affected the expres-
sion of Bcl-2 and Caspase 3 proteins in the liver and kidneys
of diabetic mice and to compare the results to those of dia-
betic controls. The following are the outcomes:

3.5.2.1 Liver. Bcl-2 protein expression: The anti-
apoptotic protein Bcl-2 expression was significantly down-
regulated in the liver tissue of diabetic control, as shown in
Fig. 8a,b, with a significant decrease of 0.41-fold (0.18 +
0.01) in protein level compared to standard normal control
(0.30 £ 0.01). However, compared to the diabetic control,
Bcl2 protein expression was elevated by 0.55-fold (0.28 +
0.01) and 0.22-fold (0.22 + 0.008) in the ascorbic acid and
MEFE treatment, respectively.
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Caspase 3 protein expression: Upregulation of cas-
pase three expressions in liver tissue was seen in diabetic
control, as shown in Fig. 8 c¢,d, with a significant increase
of 10.8-fold (0.59 + 0.02) in protein level as compared to
the standard normal control (0.05 &+ 01). Compared to the
diabetic control, ascorbic acid and MFE therapy dramati-
cally reduced caspase three protein expression by 0.74-fold
(0.15 4 0.005) and 0.67-fold (0.19 £ 0.003), respectively,
when compared to the diabetic control.

3.5.2.2 Kidney. Bcl-2 protein expression: Downregula-
tion of Bel2 protein expression in kidney tissue was found
in diabetic control, as shown in Fig. 9a,b, with a signifi-
cant drop of 0.32-fold (0.19 4 0.005) in its expression as
compared to the standard normal control (0.28 + 0.008).
Compared to diabetes control, ascorbic acid and MFE ther-
apy enhanced protein expression by 0.47-fold (0.28 £ 0.01)
and 0.21-fold (0.23 + 0.005), respectively, compared to the
diabetic control.

Caspase 3 protein expression: In comparison to the
standard normal control (0.11 £ 0.006), caspase three pro-
tein expression in the diabetic control was considerably en-
hanced up to 2.7 fold (0.41 £ 0.01) in kidney tissue, as
shown in Fig. 9c,d, indicating an increase in protein ex-
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Fig. 6. Confocal microscopic images showing liver tissue sections of normal control (NC), diabetic control (DC), diabetic mice
treated with ascorbic acid (D+AA), and diabetic mice treated with MFE (D+MFE). DAPI-stained nuclei are shown in fluorescent
blue, whereas TUNEL-positive apoptotic cells are in fluorescent red (a). The corresponding graph shows the percentage of apoptotic

cells (b). Values are expressed as the mean = SEM.Significant differences: ***p < 0.001 against normal control and **p < 0.01, ***p

< 0.001 against diabetic control.

pression. However, treatment with ascorbic acid and MFE
reduced the expression of caspase-3 protein levels by 0.53-
fold (0.19 £ 0.005) and 0.34-fold (0.27 £ 0.008), respec-
tively.

4. Discussion

The pathogenesis of DM and its possible management
by existing therapeutic agents having negligible side ef-
fects have drawn interest in recent years [33]. Antioxi-
dants generated from plants operate as radical scavengers;
therefore, they have gotten much attention. Polyphenols
are a class of secondary metabolites that have lately gained
popularity due to their potent antioxidant efficacy and abil-
ity to protect against chronic illness. Plant phenolics are
secondary metabolites generated from phenylalanine and
tyrosine extensively dispersed throughout the plant king-
dom [34]. HPTLC fingerprinting is an accurate and well-
established method for the herbal identification of medici-
nal plants that may also be used to authenticate and charac-
terize them [35]. HPTLC fingerprinting of MFE revealed
the presence of two phytoconstituents in the MFE, ascor-
bic acid and naringenin, accountable for the pharmaceuti-

cal properties of MFE, which implies that ascorbic acid and
naringenin perhaps are the active compound present in the
extract.

Alloxan (2,4,5,6-tetraoxypyrimidine;2,4,5,6 pyrim-
idinetetrone) is an oxygenated pyrimidine derivative found
as alloxan-hydrate in aqueous solution with diabetes-
inducing effects when administered intravenously, in-
traperitoneally, or subcutaneously in rodents [36]. Alloxan
induces insulin-dependent diabetes, which culminates in
the selective necrosis of beta cells by selectively blocking
the production of glucose-induced insulin through specific
inhibition of the enzyme glucokinase and by its capacity to
generate ROS generation [37].

Under diabetes mellitus conditions, the glucose trans-
porter protein GLUT4 in the cell membrane is reduced due
to the lack of insulin sensitivity. This leads to decreased
cell glucose uptake or hyperglycemia [38]. Insulin reg-
ulates the presence or absence of GLUT4 on the plasma
membrane’s cell surface. The effect of MFE on the ex-
pression of GLUT4 protein in the skeletal muscles of di-
abetic mice was studied. The study found that GLUT4
expression was downregulated in diabetic mice, indicating
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Fig. 7. Confocal microscopic images showing kidney tissue sections of normal control (NC), diabetic control (DC), diabetic mice
treated with ascorbic acid (D+AA), and diabetic mice treated with MFE (D+MFE). DAPI-stained nuclei are shown in fluorescent
blue, whereas TUNEL-positive apoptotic cells are in fluorescent red (a). The corresponding graph shows the percentage of apoptotic

cells (b). Values are expressed as the mean = SEM. Significant differences:*** p < 0.001 against normal control and ***p < 0.001

against diabetic control.

a relative insulin deficit. In contrast, after MFE therapy,
GLUT#4 expression was shown to be increased and equiv-
alent to GLUT4 expression in metformin-treated diabetic
mice, indicating an increase in insulin availability in the
treated groups. Increased GLUT4 protein levels would in-
crease glucose absorption in skeletal muscle, assisting in
treating hyperglycemic conditions. MFE was discovered to
have an anti-hyperglycemic effect against alloxan-induced
hyperglycemia, according to the study’s findings.

High glucose concentrations cause the tricarboxylic
acid cycle (TCA cycle) to overproduce electron donors,
increasing the mitochondrial proton gradient and the pro-
duction of mitochondrial superoxide [39,40]. An increase
in free radicals then causes oxidative stress-induced lipid
peroxidation. This process causes a decrease in cell mem-
brane fluidity and changes the activity of membrane-bound
enzymes and receptors, resulting in membrane malfunc-
tion [41]. Lipid peroxidation attacks the lipids contain-
ing carbon-carbon double bond(s), such as polyunsaturated
fatty acids (PUFAs). The present study also showed a sig-
nificant elevation of MDA levels in all three liver and kid-
ney organs of alloxan-induced diabetic mice, notably due
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to the formation of increased ROS in the tissues. Intraperi-
toneal administration of MFE to diabetic mice at a dose
of 350 mg/kg b.w showed a significant reduction in MDA
level. It implies the antioxidative nature of MFE to stop free
radical chain reaction, parallel to the activity exhibited by
intraperitoneal administration of ascorbic acid at a dose of
50 mg/kgb.w.

Ultrastructural examination of diabetic liver and kid-
ney tissues revealed unhealthy tissues. MFE administration
produced positive results in restoring hepatocyte and kidney
tissues, with effects comparable to ascorbic acid. As a re-
sult of the antioxidant activity exerted by the MFE, it was
deduced from the ultrastructural experiments that it demon-
strated a good response in repairing tissue architecture.

It has been established that under hyperglycemia-
induced oxidative stress, various cell types undergo a ubiq-
uitous phenomenon known as apoptosis (cell death) [42]. A
characteristic feature of apoptotic cell death is DNA strand
breakage. This study used the TUNEL assay to detect apop-
totic cells because the TUNEL reaction preferentially labels
DNA strand breaks generated during apoptosis. The study
found a substantial number of TUNEL-positive cells and
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Fig. 8. Comparison of Bcl-2 and Caspase 3 protein expressions in the liver between normal control (NC), diabetic control (DC),
diabetic mice treated with ascorbic acid (D+AA), and diabetic mice treated with MFE (D+MFE). Western blot analysis of Bcl-2
and Caspase 3 protein expression, corresponding relative intensity after normalization with [-actin (a), and fold differences between
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Fig. 9. Comparison of Bcl-2 and Caspase 3 protein expressions in kidneys between standard control (NC), diabetic control (DC),
diabetic mice treated with ascorbic acid (D+AA), and diabetic mice treated with MFE (D+MFE). Western blot analysis of Bcl-
2 and Caspase 3 protein expression, corresponding relative intensity after normalization with S-actin (a), and fold differences between
experimental groups in the kidney (b,c). Values are expressed as the mean + SEM of triplicate measurements; Significance difference:***

p < 0.001 against the standard control and **p < 0.01 against the diabetic control.
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a 37% and 35% increase in apoptotic cells in the liver and
kidney, respectively, in the diabetic state caused by alloxan.
However, administration of ascorbic acid and MFE lowered
the number of TUNEL-positive cells in diabetic mice’s liver
and kidney tissues, indicating reduced apoptosis. As a re-
sult, the findings of the TUNEL assay may be corroborated
by the study’s western blot analysis of apoptosis-associated
proteins.

To observe the effect of MFE apoptotic cell death, cas-
pase three and Bcl-2 protein expression in mice’s hepato-
cytes and renal tissues were studied. In the current study,
diabetic mice had lower Bcl-2 expression and higher cas-
pasethree3 expressions. Diabetic mice treated with ascor-
bic acid and MFE showed reduced caspase three expres-
sions and increased Bcl-2 expression. Thus, the study’s
TUNEL assay and western blot analysis results indicate
the anti-apoptotic nature of MFE against hyperglycemia-
induced oxidative stress apoptosis. However, ascorbic acid
was taken as a positive control for conducting all the ex-
periments. A similar outcome was observed, implying that
ascorbic acid could be the active compound, as its presence
was confirmed in the HPTLC method.

Phytochemicals are essential components, specifically
for their role as antioxidants [43]. ROS generated during
hyperglycemic conditions are molecules that are unstable in
nature and thus create oxidative stress. Antioxidants neu-
tralize these unstable molecules by losing some of their own
electrons. HPTLC of MFE revealed the presence of two
phytochemicals, ascorbic acid, and Naringenin. Ascorbic
acid, an antioxidant, works by donating a single reducing
equivalent, forming monodehydroascorbate, which is rad-
ical in nature, and monodehydroascorbate reacts preferen-
tially with radicals instead of non-radical compounds [44].
Ascorbic acid has also been proven to regenerate the antiox-
idant form of vitamin E to protect the membrane and hy-
drophobic compartments from damage. Further, a resident
of hydrophobic compartments, reduced coenzyme Q, inter-
acts with vitamin E to regenerate its antioxidant form [45].
Naringenin is a flavonoid that prevents injury caused by free
radicals, where radicals oxidize flavonoids. In the process,
the radical becomes a more stable and less-reactive form.
The high reactivity of the hydroxyl group of flavonoids
makes radicals inactive. This potential mechanism of the
phytochemicals in MFE could be the combined effect in its
therapeutic diabetes treatment. The confirmed mechanism
needs to be studied in the future [46].

5. Conclusions

In conclusion, it can be inferred from the study that
DI extract possesses free radical scavenging properties giv-
ing insights regarding its antioxidative and anti-apoptotic
effects in alloxan-induced diabetic mice. The bioactivity of
DI in the study presents opportunities as a potential source
of therapeutic agents for treating diabetes and its associated
complications.
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