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Ali et al.: Effect of Momordica charantia on Diabetic Rats

The present study was conducted to determine the antidiabetic effect of Momordica charantia on pancreatic
islets of Langerhans in streptozotocin-induced diabetic male Wistar rats in relation to the distribution
of insulin immuno-positive beta cells. Momordica charantia was fed to rats at 2 %, 5 % and 10 % of
the standard diet for 12 w. After sacrifice, the pancreatic tissues were obtained for histopathological and
immunohistochemical observations. In addition, monitoring of fasting blood glucose was applied each
month during experimental period. The results revealed that the oral doses of Momordica charantia at5 %
and 10 % of the daily diet increased the percentage of insulin-positive pancreatic beta cells as well as the
size and number of pancreatic islets. Moreover, significant (p<0.01) dose and time-dependent reduction in
fasting blood glucose levels were observed. In conclusion, these results suggest that Momordica charantia
induces antidiabetic effects via regeneration of insulin-positive pancreatic beta cells and increase the
number of insulin secretory granules; hence, blood glucose reduction.
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Chronic metabolic disorders such as Diabetes Mellitus
(DM) is considered a critical clinical disease in the
world. It has been estimated that 451 million people
had diabetes in 2017 among populations and is
expected to rise to 693 million people worldwide
in 2045M. Hyperglycemia is a common metabolic
symptom of DM, caused by a relative or absolute
lack of insulin secretion or insulin resistance™. DM
is classified according to insulin secretion into Type 1
DM (T1DM, absolute lack) and Type 2 DM (T2DM,
insufficient secretion). In this respect, T2MD represents
90 % of diabetic cases'™. The Kingdom of Saudi Arabia
(KSA) has a high prevalence of DM among people that
caused a major local health problem. In 2011, KSA
was classified as the top 10 globally in the highest
prevalence of diabetic countries*!.

Insulin is a hormone produced from pancreatic beta
cells and binds with tissue insulin receptor to control
blood glucose level by enhancement tissue glucose
utilizing and glycogen synthesis as well as reduction
of hepatic glycogenolysis and gluconeogenesis..
Therefore, total loss or reduced numbers of pancreatic
beta cells lead to insulin reduction and subsequently
diabetes exhibition”. DM treatment drugs included
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insulin and anti-hyperglycemic drugs (sulphonylurea
derivatives, biguanides and thiazolidinediones) have
been reported to rise several side effects!®. Currently,
several medicinal plants have been documented to
possess promised treated effects against T2DM or its
symptoms without known side effects!”.

Momordica charantia (MC) known as bitter melon,
one of those medicinal plants, has been used as
traditional medicine to control hyperglycemia. Several
studies have established the antidiabetic effect of MC
in Streptozotocin (STZ) and alloxan-induced T2DM
in different animal models!'®'? as well as clinical trials
in patients!”!>!4 | Previously, our lab reported that oral
feeding of MC resulted in improvement in pancreatic,
hepatic and renal functions by alleviation of STZ
induced diabetic lesions!''. In addition, MC has been
proved to have potential effect as an antioxidant, anti-
inflammatory, anti-cancer, anti-obesity, antiulcer and
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anti-osteoporosist!>19,

Numerous active ingredients of MC such as
triterpenoids, polysaccharides, alkaloids, insulin-like
peptide, charantin, saponins, flavonoids and other
polypeptides have been investigated and documented
to have hypoglycemic effects!!®?22l.  Moreover,
different suggested antidiabetic mechanisms of MC
such as increasing insulin secretion, decreasing
insulin resistance, and increasing peripheral and
skeletal muscle cell glucose utilization have been
investigated?*»-2], However, more researches are
required to investigate the antidiabetic mechanism of
MC on pancreatic beta cells. Thus, the objective of this
study is to investigate the effect of MC on pancreatic
islets emphasizes with insulin immuno-positive beta
cells in STZ induced diabetic rats.

MATERIALS AND METHODS

Plant:

Fresh whole fruits of MC were procured from local
vegetable markets in Al-Ahsa, Eastern Province, KSA.
The fruits were sliced, oven-dried at 60° temperature
for 24 h, powdered and then added to the powdered
feed at 2 %, 5 % and 10%. The mixture was then made
as pellets!'!).

Chemicals and materials:

STZ was purchased from Sigma Chemical Co, S0130,
USA and a OneTouch® ultra-blood glucose meter was
procured from Lifescan, Milpitas, California (CA),
United States of America (USA).

Animals:

Fifty male Wistar albino rats of specific pathogen
free grade weighing (150-200) g were used in this
study. Rats were obtained from Laboratory Animals
Center, College of Veterinary Medicine, King Faisal
University, Al-Ahsa, KSA. Animals were housed
in hygienic fiberglass cages, 10 rats per cage, with
a 12 h light and dark cycle at 22°+2° and (55+5) %
relative humidity and were fed on balanced commercial
pellets obtained from the Grain Silos and Flourmills
Organization, Riyadh, KSA. Before the experiment, all
rats were acclimatized for 2 w in laboratory conditions
with free access to food and water. All the experimental
procedure and protocol was approved by the Animal
Ethics Committee of Deanship of Scientific Research,
King Faisal University, Al-Ahsa, KSA.
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Induction of diabetic rats:

A freshly prepared single dose (85 mg/kg body
weight) of STZ (Sigma Chemical Co, S0130, USA)
was injected intra-peritoneal in all rats. After 72 h of
STZ injection, fasting blood was collected from the
tail vein for measuring the fasting blood glucose level.
Rats were exhibited fasting blood glucose levels within
500 mg/dl, were considered as diabetic and were set
subsequently in the experiment!!-?"),

Experimental design:

The diabetic rats were randomly allotted into four
groups of ten rats each group and normal rats (n=10)
were used in the fifth group as a negative control.
Negative control Gl was given untreated diet and
water ad-libitum; while, the G2 was given STZ only
and was kept as a positive control. G3, G4 and G5
were given STZ then daily fed with MC at 2 %, 5 %
and 10 % of the standard diet respectively. During
the experimental period (12 w), fasting blood glucose
levels were measured once a month (4 w). At the end
of the experiment, rats were humanly sacrificed and
pancreatic tissue specimens were collected and fixed
in 10 % buffered formalin for histopathological and
immunohistochemical studies.

Measurement of fasting blood glucose levels:

Fasting blood was collected from the tail vein for
measuring glucose levels each month (4 w) during the
experimental period, using a OneTouch® ultra-blood
glucose meter (Lifescan, Milpitas, CA, USA) according
to the manufacturer instruction.

Histopathological technique:

For histopathological examination, conventional
Hematoxylin and Eosin (H&E) stain was applied
according to Bancroft*®. Breifly, collected tissue were
fixed in 10 % formalin for 48 h followed by immersion
in 70 % alcohol for 72 h. Pancreatic tissue then
trimmed and embedded in parafin wax using tissue-
processing machine (Leica, ASP300, Germany). After
tissue sectioning (4 wm) on charged microscopic slides,
the tissues were stained with H&E, dehydrated and
coverslipped for microscopic examination.

Immunohistochemical technique:

Sectioned tissues were deparaffinised and rehydrated.
Antigen retrieval was applied by microwaving in
preheated sodium citrate buffer (pH 6) for 30 min. After
retrieval, the sections were immersed in 1 % hydrogen
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peroxidase for 10 min were then covered with normal
goat serum for 10 min after washing in Tris-Buffered
Solution (TBS) 3 times for 5 min each. The primary
antibody of insulin (Dako, Polyclonal Guinea Pig Anti-
Insulin, A0564) was added for 18 h at 4°. After washing
for in TBS, the secondary biotinylated antibody (Dako,
rabbit anti-guinea pig immunoglobulins/Horseradish
Peroxidase (HRP), P0141) was added for 10 min
at room temperature. After washing, streptavidin-
HRP conjugate (HSS-HRP) was added for 10 min
and then incubated for 10 min with freshly prepared
Diaminobenzidine (DAB) (chromogen solution).
Counterstaining was applied for nuclei staining. Finally,
the slides were dehydrated, cleared and mounted. The
primary antibodies were omitted in negative control
sections. All slides were examined using Olympus
BX51, Japan for positive signals.

Statistical analysis:

Data were statistically evaluated by one way Analysis
of Variance (ANOVA) and Duncan test using IBM
Statistical Package for the Social Sciences (SPSS) V. 26
software. All results were expressed as mean+Standard
Error (SE) and p<0.01 was identified as significantly
different.

RESULTS AND DISCUSSION

Tissues from the negative control group (G1) exhibited
normal number, size and shape of pancreatic islets
of Langerhans (fig. la and fig. 1b). However, the
positive control group (G2) showed atrophy in the
size and reduction in the number of pancreatic islets.
In addition, destruction of pancreatic islets cells with
few survival remaining cells (fig. 1c and fig. 1d). After
12 w of MC treatment, all treated groups showed dose-
dependent alleviation of pancreatic lesions caused by
STZ induced diabetes. In group 3 (G3=STZ+2 % MC),
mild restoring of pancreatic islets atrophy, represented
by the appearance of individual small rounded islets,
was observed (fig. le and fig. 1f). However, closely
normal appearance of pancreatic islets, characterized
by an increase in the number and size of pancreatic
islets were seen in group 4 and group 5 (G4=STZ+5 %
MC and G5=STZ+10 % MC respectively) (fig. 1g-fig.
1j).

Strong insulin immuno-reactivity was observed in all
pancreatic islets of the negative control group (G1),
characterized by normal distribution with normal
number and size of pancreatic islets (fig. 2a and fig.
2b), while, the positive control group (G2) revealed
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faint signal of insulin immuno-reactivity with few
numbers and small size of pancreatic islets (fig. 2c
and fig. 2d). In addition, rats that fed 2 % MC (G3),
showed no significant differences compared with the
positive control group (G2), (fig. 2e and fig. 2f). While,
in groups G4 and G5, strong insulin immuno-reactivity
with increase in the number and size of pancreatic
islets were observed (fig. 2g-fig. 2j) respectively.
The improvement in the number and size of insulin
immuno-reactive pancreatic islets was more obvious in
G5 which fed with 10 % MC.

In the negative control group (G1), numerous normal
insulin immuno-positive beta cells within all pancreatic
islets were observed (fig. 3a). However, fewer insulin
immuno-positive beta cells were seen in diabetic
rats (G2) (fig. 3b). In group (G3), in spite of the rats
fed 2 % MC, the insulin immuno-positive beta cells
were still fewer compared to the control group (fig.
3c). Nevertheless, moderate restoring in the insulin
immuno-positive beta cells were observed in group G4
(fig. 3d). While, group G5 showed numerous insulin
immune-positive beta cells closely similar to the
negative control group (fig. 3e).

As shown in Table 1, rats in (G1) showed normal blood
glucose level, whereas, G2 showed a significant (p<0.01)
sharp increase in blood glucose level during each month
along the experimental period. However G3, G4 and
G5 showed gradual recovery represented by decreased
glucose values in all treated groups related to the level
of MC given and the duration of the experiment. In
addition, there is a time-depended significant difference
(p<0.01) in the glucose parameters between rats treated
with 2 %, 5 % and 10 % MC.

DM is a chronic metabolic disorder caused by failure
in any anti-hyperglycemic mechanisms includes
insulin secretion from pancreatic beta cells. All anti-
hyperglycemic drugs as well as exogenous insulin
administration have been exhibiting several side
effects!®. Thus, several traditional approaches have
been used to treat the DM. MC was promised traditional
and medicinal plant that have antidiabetic effects via
different mechanisms!*.

In the present study, the histopathological
observations in negative control rats (G1) have shown
a normal number, size and shape of pancreatic islets
of Langerhans. Whereas, the positive control (diabetic
control G2) showed atrophy in the size and reduction
in the number of pancreatic islets and in addition, the
destruction and disappearance of pancreatic islets
cells. These results correspond with the findings of
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Abdollahi et al. and Hafizur et al.P%*", The effect of
STZ at a single dose of 85 mg/kg body weight to rats is
sufficient to induce multiple lesions in pancreatic islets
related to T2DM. Meanwhile, all histopathological
pancreatic lesions showed in G2 due to STZ injection
were constant with the results obtained from study of
Abdollahi et al. and Jin et al.*%3%, However, all treated
rats with 2 %, 5 % and 10 % MC (G3, G4 and G5)
respectively, showed dose-dependent alleviation of
pancreatic lesions caused by STZ-induced diabetes.
It has been observed that the recovery of the islets is
directly proportional to the dose of MC given to rats
represented by mild restoring of pancreatic islets
atrophy in G3 (2 % MC) and closely normal appearance
of pancreatic islets, characterized by an increase in
number and size of pancreatic islets in G4 and G5 (5
% and 10 % MC) respectively. These results were in
parallel with the results obtained!'!-3%3"-33,

Previously, increase pancreatic islet size and number
in STZ or alloxan-induced diabetic rats treated with
MC have been noted??***3, Recently, Abdollahi et
al.BY suggested that MC may has a significant role in
the renewal of pancreatic beta cells in the STZ rats
by restoring degenerated mitochondrial structure via
its antioxidant properties and increased the number of
beta cells. Moreover, modulation of beta-cell function
by increasing to almost double of islet size, total beta-
cell area and number of beta cells were concluded?'*!,
However, this hypothesized mechanism has not been
considered in studies73*,

Martinez et al.*”) suggested that there is a correlation
between the decrease in hyperglycemia, the
reduction of oxidative stress and the improvement
of histopathological lesions. Moreover, Mahmoud
et al. concluded that the MC pre-treatment before
STZ induced diabetes protects the pancreatic tissues
from injury due to antioxidants enhancement and
reduction of lipid peroxidation. Hence, in our results,
the improvement of pancreatic injury in MC treated-
diabetic rats might be modulated due to the antioxidant
effects of MC.

The present immunohistochemical observations
revealed a normal topographical distribution involved
normal number and size of insulin immuno-positive
pancreatic islets and a normal number of insulin
immuno-positive beta cells which is verified by strong
insulin immune-reactivity in all negative control rats
(G1). While, all positive control rats (G2) showed a
reduced number and small size in positive pancreatic
islets as well as few insulin immuno-positive beta cells
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verified by a faint signal of insulin immuno-reactive
staining. These observations are harmonized with the
results reported***#!, It has been reported that the
dose of STZ injection is responsible for partial or total
pancreatic beta-cell destruction results in insufficient
insulin secretion that considered the most common
reason of T2DM[P"!. Thus, in our results the reduction of
immuno-reactive staining of pancreatic islets in G2 is
related to the STZ given to the rats that play important
role in decreasing the number of beta cells and the
number of insulin secretary granules. Nevertheless,
rats fed 2 % MC (G3), have not showed any significant
improvement in insulin immune-reactive pancreatic
islets compared with the positive control group (G2).
These results suggest that the MC dose (2 %) was not
sufficient to alleviate the STZ effect and improve the
number of beta cells as well as the number of insulin
secretary granules. These observations are parallel with
our previous observations!'), However, G4 and G5 (5
% and 10 % MC respectively) showed strong variations
in immune-positive signals of pancreatic islets and an
increase in the number and size of insulin immune-
positive pancreatic islets. Rats were fed with 5 % MC
showed moderate restoring in the number of positive
beta cells whereas, normal positive beta cells numbers,
similar to the negative control group, were shown in
rats fed with 10 % MC. These results agree with the
results concluded!!!-30-3341],

It has been assumed that MC might have several
mechanisms to ameliorate diabetic lesions and
symptoms such as increase serum insulin levels and
upregulates insulin gene in pancreatic beta cells**4%,
increase in adenosine monophosphate-activated
protein kinaset***, glucose utilizing and up-regulation
of Glucose Transporter 4 (GLUT4), Peroxisome
Proliferator Activator Receptor Gamma (PPARY) and
Phosphatidylinositol-3 Kinase (PI3K)*! and renewal,
regeneration as well as a proliferation of surviving
pancreatic beta cells¥. In addition, several studies have
demonstrated that MC possesses different ingredients
appear to have animal insulin-like polypeptides such
as lecithin, charantin and triterpenoids responsible
for augmentation of glucose as well as amino acid
uptake into skeletal muscle cells?**!, Therefore,
our immunohistological results confirmed that MC
has improved mechanism against pancreatic injury
via renewal, regeneration as well as proliferation of
surviving insulin immune-positive pancreatic beta cells
and subsequently ameliorate insulin secretion.

The histopathological and immunohistochemical
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observations of the present study were confirmed by
measuring the blood glucose levels, where the rats that
given only STZ (G2) showed a sharp increase in blood
glucose level (hyperglycemia) compared to normal
control (G1) during every month along the experimental
period. However, the rats which were treated with 2 %,
5% and 10 % MC (G3, G4 and G5) after STZ injection
showed gradual dose and time-dependent recovery
represented by decreased glucose values during each
month along the experimental period. This finding is
consistent with the results obtained!!"*>47),

Any impairment in insulin regulation, secretion, uptake
or breakdown leads to hyperglycemia. On the other
hand, any pancreatic beta cells damage will lead to
persistent hyperglycemia®®. Our findings confirmed

Mamberaf pancreatic idets

that MC increased insulin secretion by increasing the
number and size of insulin immuno-positive pancreatic
islets and beta cells subsequently reduce the fasting
serum glucose in diabetic rats through 12 w treatment.
Increase insulin secretion exerts the body cells to utilize
blood glucose and maintaining blood hyperglycemia.
In addition, MC may be responsible for ameliorating
insulin resistance. [thas been reported that MC treatment
increases GLUT-4 protein in the plasma membrane!*”,
increases hepatic glycogenesis and reduced glycolysis©®”
and improves insulin sensitivity*?.

In conclusion, these results confirmed that MC might
have a role in the renewal of pancreatic beta cells by
increasing the number of beta cells and the number
of insulin secretary granules in STZ-induced diabetic

Fig. 1: Rat pancreatic tissues stained with HE (bar=200 pm and 100 pm). (a and b): Negative control group (G1) showing normal
appearance represented by a normal number (arrows) and size of pancreatic islets; (c and d): G2 (only STZ) showing a reduction
in number (arrow) and size of pancreatic islets and destruction of pancreatic islets cells (head arrows); (e and f): G3 (STZ+2 %
MC) showing individual small rounded islets (arrow); (g and h): G4 (STZ+5 % MC) showing increase number (arrows) and size of
pancreatic islets and (i and j): G5 (STZ+10 % MC) showing alleviation of pancreatic lesions and restoring to the normal number

(arrows) and size appearance of pancreatic tissue
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Fig. 2: Rat pancreatic tissues stained with insulin-immunostaining, (bar=200 pm and 100 pm). (a and b): Negative control group (G1)
showing a normal immune-reactive appearance of positive islets, characterized by normal number and size of positive pancreatic is-
lets; (c and d): G2 (STZ only); (e and f): G3 (STZ+2 % MC) showing faint signal and reduction in number and size of immune-positive
staining pancreatic islets (arrows); (g and h): G4 (STZ+5 % MC) showing increase in number and size of immune-positive staining
pancreatic islets (arrows) and (i and j): G5 (STZ+10 % MC) showing strong immune-positive staining and, normal number and size

restoring of positive pancreatic islets (arrows)
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Fig. 3: Rat pancreatic tissues stained with insulin-immunostaining, (bar=50 pm). (a): Negative control group (G1) showing numerous
immune-positive staining of endocrine beta cells within the individual pancreatic islet; (b): G2 (STZ only); (¢): G3 (STZ+2 % MC) showing
few numbers of immune-positive endocrine beta cells; (d): G4 (STZ+5 % MC) showing an increase number of immune-positive staining
endocrine beta cells and (e): G5 (STZ+10 % MC) showing normal numbers of immune-positive staining endocrine beta cells
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TABLE 1: EFFECT OF MC ON FASTING BLOOD GLUCOSE LEVELS (mg/dl) EACH MONTH DURING THE

EXPERIMENTAL PERIOD
Groups
Month
G1 G2 G3 G4 G5
15t mo 128.20+2.195 504.00+13.832* 471.63+13.307 390.89+18.979% 347.11£11.569%
2" mo 126.60+2.926 568.14+9.450* 482.20+13.684% 311.86+17.765" 281.00+£16.218%
34 mo 126.40+2.202 579.20+9.521* 480.20+12.644% 262.67+£12.170% 192.43+8.693%

Note: Data are represented as the mean+SE of values (n=10) and *p<0.01 represents significant difference in comparison to the control
group. “p<0.01 represents significant variations compared to STZ alone and STZ with MC dose dependent treatment groups

rats, subsequently promoting insulin secretion and
controlling hyperglycemia.
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