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ABSTRACT

Introduction: Morus Indica L occupies an important position in the holistic system of Indian medicine ‘Ayurveda’ which has its
roots in antiquity and has been followed for centuries.

'Department of Studies in Food Science and Nutrition, University of Mysore, Manasagangothri, Mysuru -570 006, Karnataka, India;

Objective: Methods: The hypoglycemic potential of apigenin isolated from MI leaves in streptozotocin (STZ) induced diabetic
rats was studied. The rats were divided into four groups (n=6 animals in each group) viz. Group I- Normal healthy control rats
(NC); Group II- STZ-induced diabetic control (DC) rats without treatment; Group IlI- STZ-induced diabetic rats treated with Ami-
noguanidine (AG) (30 mg kg body weight by intraperitoneal); Group IV- STZ-induced diabetic rats treated with Apigenin (API)
(50 mg kg' body weight was given by orally). The protective effect of APl was evaluated by determining the biochemical param-
eters (lipid profile, liver, and kidney) and by studying the histopathological alterations in liver and kidney.

Results: Diabetic control group had altered biochemical values (lipid profile, liver and kidney) when compared with the NC
group. However, treatment with APl showed significant improvement in the biochemical parameters and values are comparable
to the NC group. Histopathological data revealed destruction of the kidney and liver architecture in DC, which was reverted in
the group treated with API.

Conclusions: The present findings suggest that APl might be useful in the management of diabetes mellitus.
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INTRODUCTION proach supported by scientific documentation can serve as

. . . o . a novel, affordable medicine with minimum side effects.”®
Diabetes mellitus (DM) is a metabolic disorder characterized

by insulin resistance and pancreatic B-cell dysfunction as a Morus Indica L. is used as traditional medicine for its hypo-
consequence of unsettled hyperglycemia.' Prolonged hyper- glycemic and diuretic properties.’In our laboratory, Morus
glycaemia may lead to a variety of secondary complications Indica (M1) has been screened for various biological prop-
such as retinopathy, nephropathy, neuropathy and cardiovas- erties such as antioxidant, toxicological studies, anti-hyper-
cular disease.2 Type 2 diabetes mellitus (T2DM) is one of cholesterolemic, and anti-diabetic effect in in-vitro, ex-vivo
the most common forms of diabetes in worldwide. In India, and in-vivo models.”'?In our previous study, Morus Indica-
around 69.2 million people are prone to T2DM and it has the G4 (MI-G4) variety exhibited the highest AGEs inhibition in

second-highest number of people living with DM worldwide BSA-glucose model which could be due to the presence of
following China.® polyphenols and phenolic compounds.!* Further, we isolated

the bioactive compound of apigenin (API) and showed poten-
tial AGEs inhibition in all stages of protein glycation.'* Be-
management of diabetes, there has been no drug developed  gides AP is also proved to inhibit Aldose reductase (ALR)
which has no side effect(s) with low cost-effective.* There- activity, one of the major complications of diabetes (cataract)
fore, natural products have stimulated a new wave of research ) the lens.!s Literature reports research studies carried out in
to look for more efficacious agents with lesser side effects.> {16 crude extract of MI and very limited studies have investi-
¢ Traditional knowledge with its holistic and systematic ap- gated the role of active ingredients from MI of G4 variety for

Even though powerful anti-diabetic drugs are offered for the
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their beneficial effects on DM. Therefore, the present study
was undertaken to assess the role of isolated API from MI for
anti-diabetic efficacy in STZ-induced diabetic rats.

MATERIALS AND METHODS

Chemicals and reagents

Clinical diagnostics kits were purchased from M/s. Agappe
Diagnostics Ltd, Kerala, India. All the chemical reagents
used in this experiment were of analytical grade.

Collection of Plant material

Morus Indica G4 leaves (ISGR Reg. No.: 050564) were
collected from Centre for Sericulture Research and Techni-
cal Institute (CSRTI), Mysore district of Karnataka, India.
Apigenin was isolated from 80% methanol extract of leaves
by preparative HPLC and characterized through Ultra per-
formance liquid chromatography-mass spectra (UP-LCMYS),
Nuclear magnetic resonance (NMR), Fourier transform in-
frared spectroscopy (FTIR) and Scanning electron micro-
scope (SEM).*

Experimental rats

In this experimental study, twenty-four healthy adult male
Wistar Strain rats (140-190 g), were procured from the ani-
mal house facility of the University of Mysore (UoM), Mys-
uru. The obtained animals were kept in polyacrylic cages.
The animals were maintained under standard conditions,
with a temperature of 22 + 2°C, a regular 12/12 hour light-
dark cycle. The animals were fed with pellet diet and water
ad libitum. The animal experimental protocol was approved
by the Ethics Committee of the UoM, Manasagangotri, Mys-
uru. (Animal Sanction Order No: UOM/IAEC/05/2017).

Induction of diabetes and treatment

Diabetes was induced by a single intraperitoneal injection of
streptozotocin (STZ) to animals fasted overnight at a dose
of 45 mg kg' body weight citrate buffer (pH 4.5) and the
normal control rats received freshly prepared citrate buffer
(pH 4.5) alone.' Diabetic condition in rats was confirmed
by measuring the altered fasting blood glucose level (by
Glucometer) after 72 h of STZ injection. The rats with fast-
ing blood glucose above 250 mg dL! were considered to be
hyperglycemic and used for the experiment. Based on their
weights using randomized block design, the rats were divid-
ed into four groups (consisting of 6 rats in each group) viz.
Group I- Normal healthy control rat (NC), Group II- STZ-
induced hyperglycemic rats without treatment (DC), Group
II- STZ-induced hyperglycemic rats treated with Amino-
guanidine (30 mg kg' body weight by intraperitoneal) as
a positive control, Group IV- STZ-induced hyperglycemic
rats treated with Apigenin (API) (50 mg kg' body weight
was given by orally) and treated accordingly for 45 days.

At the end of the study, the rats were made to fast for 12 h
before blood collection. For ease of handling, before blood
sampling, the rats were anaesthetized with diethyl ether. The
blood samples were collected by cardiac puncture using 25
G, 1”7 needle. Approximately 5 ml of blood was taken and
dispensed into labelled plain tubes. The blood samples were
then centrifuged at 3000 rpm at 4 °C for 15 min to separate
the serum. The serum was stored at -40°C until biochemical
assays were carried out.

Estimation of body weight

During the experimental period, the body weights of the ex-
perimental rats were recorded on alternate weeks, i.e on day
0, 14, 28 and 45 by using a digital balance. These weights
were determined at the fixed time in the morning session
throughout the experimental period.

Estimation of blood glucose

Blood glucose levels of experimental rats were measured us-
ing a glucometer (Roche, Germany) by taking 0.5 pL blood
from lateral tail vain onto the test strip on days of bodyweight
determination.

Biochemical studies

Blood serum was used for the evaluation of lipid profile [total
cholesterol (TC), triglyceride (TG) and high-density lipoprotein
(HDL)], renal function test [Creatinine (CR), bilirubin (BIL),
blood urea nitrogen (BUN)] and liver function test [alanine
aminotransferase (ALT), aspartate aminotransferase (AST), al-
kaline phosphatase (ALP) including, total protein (TP), albumin
(ALB)], using commercial kits from (Agappe Diagnostics Ltd.,
India), according to the manufacturer’s protocol.

Histopathological studies

Small portions of the kidney and liver were fixed in 10%
formaldehyde and were dehydrated with graded ethanol se-
ries (50-100%) and were embedded in paraffin. The paraffin
blocks were subsequently cut into (4-5 um) and stained with
haematoxylin and eosin (HE) dyes. The slides were exam-
ined under a microscope for histopathological changes.

Statistical analysis

The values are expressed as mean + SD. The data were sub-
jected to one-way ANOVA followed by Tukey’s multiple
comparisons test for significant difference (<0.05) using
SPSS16.0 software.

RESULTS

Changes in blood glucose level and body
weight of experimental rats

The blood glucose level and body weight of all the groups
of experimental rats are shown in Table 1. There was a
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significant elevation in the blood glucose level and a sig-
nificant decrease in the body weight in diabetic control
compared with normal rats. The daily administration of
API for 45 days tended to decrease the blood glucose
level, while the mean body weight was comparable with
that of the control group.

Serum lipid profiles, renal and liver function
test of experimental rats

The serum level of lipid profile [total cholesterol (TC), tri-
glyceride (TG) and high-density lipoprotein (HDL)], renal
function test [Creatinine (CR), bilirubin (BIL), blood urea
nitrogen (BUN)] and liver function test [alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), alkaline
phosphatase (ALP) including, albumin (ALB)] and total
protein (TP) activities in all groups are shown in Table 2.
The serum TC, TG, CR, BIL, BUN, ALT, AST and ALP
levels were significantly increased in diabetic control when
compared to normal control. Significant (P<0.05) reduction
in TC, TG, CR, BIL, BUN, ALT, AST and ALP levels along
with the significant (P<0.05) elevation in the HDL, ALB and
TP levels were observed in API treated (50 mg Kg!') diabetic
rats when compared with the diabetic control. Improvement
in the lipid profile, renal and liver function test, was also ob-
served in AG (30 mg kg™")

Histopathological changes in experimental rats
The HE stained sections of the kidney and liver of normal
control, diabetic control and treatment of AG (30 mg Kg)
and API (50 mg Kg) in diabetic rats are shown in Figure
1. Diabetic rats showed glomerular basement membrane
thickening, mesangial expansion in the kidney, whereas in
liver extensive vacuolization with the disappearance of nu-
clei, disaggregation of trabeculae was observed. However, 6
weeks of treatment with API in diabetic rats attenuated the
destruction of tissues and showed regeneration of tissues/
cells in kidney and liver architecture.

DISCUSSION

Experimentally induced diabetes through the intra-peritoneal
injection of f-cytotoxic drugs such as STZ is well charac-
terized and this chemical compound is the first choice for
diabetes induction in animals.!” STZ diabetes is caused by
the specific necrosis of the pancreatic f-cells results in insu-
lin insufficiency and causes hyperglycemia. Administration
of STZ rapidly produces the characteristic signs which are
similar to diabetes mellitus non-ketosis hyperglycemia, The
symptoms include such as increased intake of both water
and food, dyslipidemia, loss of protein mass, failure to gain
weight, increased blood glucose concentrations, damage to
the liver and other organs resulting in major disturbance of
central metabolic balance.'®

Insulin plays a major role in glucose uptake into muscle and
adipose tissue, deficiency of insulin leads to failure of glu-
cose uptake resulting in a decline of stored energy."” In our
present study, API treatment to the diabetic rats resulted in a
decrease in fasting blood glucose levels, which might be by
stimulation of pancreatic B-cells resulting in the secretion of
insulin. The observations from this study are in agreement
with a study by Salem and El-Azab who showed that treat-
ment with Aloe vera extract had blood glucose-lowering ef-
fects with a possible protective role in pancreatic B-cells of
STZ-induced diabetic rats.?

In the present study, a severe decrease in body weight was
observed in diabetic control rats. However, API treatment
decreased the percentage of loss of the body weight in the di-
abetic rats which may be explained by regenerating of - cell
capacity which leads to the increases in insulin secretion®!
thus confirming the anti-hyperglycemic activity of the ex-
tract as reported by our earlier established studies.!! Insulin
being an anabolic hormone promotes lipogenesis and inhib-
its protein catabolism promoting weight gain or maintain-
ing the weight preventing further loss.!” These observations
are in agreement with a study reporting the regeneration of
B-cell and decreased weight loss following administration
of Quercetin from Azadirachta indica in STZ induced dia-
betic rats.??> Under normal circumstances, insulin activates
the enzyme lipoprotein lipase, which plays an essential role
in triglyceride metabolism. However, in the diabetic state,
lipoprotein lipase is not activated due to insulin deficiency,
resulting in hypertriglyceridemia and hypercholesterolemia
and also due to metabolic defects.?® In our study, we noticed
a significant increase in serum TC and TG with a marked de-
crease in serum HDL levels in STZ-induced diabetic control
rats. This may be due to an increase in the mobilization of
free fatty acids from peripheral fat depots since insulin in-
hibits the hormone-sensitive lipase. Remarkably, the results
of API treated groups were improved indicating the positive
effect on overall lipid metabolism. Treatment with mulberry
leaves has shown blood-glucose-lowering effect accompa-
nied by amelioration in lipid abnormalities associated with
diabetes in STZ induced rats.''?*

The diabetic hyperglycemia induces the elevation of renal
function markers like CR, BUN and uric acid which are as-
sociated with interstitial atrophy, epithelial necrosis as well
as atrophic changes in the glomeruli.”® In the present study,
serum CR and BUN levels were increased in STZ-induced
diabetic control rats, which may be the result of hypergly-
cemia, oxidation of glycated biomolecules leads to non-en-
zymatic reactions and polyol metabolic pathway are greatly
influenced resulting in depletion of the reduced glutathione
(GSH) content in the tissue and leads to increased produc-
tion of ROS causing multilevel organ damage .**However,
the administration of API retrieved these parameters close to
normal levels. The main effect of the API may mediate their
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effect by directly quenching ROS induced by STZ exposure
or by chelating the catalytic metal ions which are accounta-
ble for initiating peroxidation reaction, thus further confirm-
ing the antiglycation activity of the API as reported by our
earlier study.”’

It was observed that the liver damages in STZ-induced dia-
betic rats resulted in abnormal liver enzymes levels (ALP,
AST and ALT). However, increased levels of these enzymes
may result in low levels of serum ALB and TP was also ob-
served in STZ induced diabetic control rats. A decrease in
serum ALB and TP levels may contribute to the inhibition
of oxidative phosphorylation process, leading to a reduction
in protein absorption, a decline in protein synthesis, and an
increase in the catabolic process.”® In the present study, a
significant decrease in serum ALB and TP levels and an in-
crease in the markers of liver injury (ALP, AST and ALT) re-
flected the hepatocytes damage in STZ-induced diabetic rats.
This finding is consistent with the reported results.? How-
ever, the treatment with API reverted the serum biomarkers
level of liver damage (ALP, AST and ALT), ALB and TP
levels near normal range which might be due to the stimula-
tion of insulin and reduce the catabolism of protein in STZ-
induced diabetic rats. These results are in line with Patel et
al., which reported that anti-diabetic medicinal plants having
insulin mimetic property.* Hyperglycemia leads to increased
production of ROS which is involved in the aetiology of sev-
eral diabetic complications. The ROS diminish the antioxi-
dant defences of the cell thus making it more susceptible to
oxidative damage. It further targets lipid, carbohydrate and
nucleic acid leading to their oxidation which further leads
to dysfunction of organ architecture and its function.?® In
our study, diabetic control rats showed glomerular basement
membrane thickening, mesangial expansion and extensive
vacuolization with the disappearance of nuclei, disaggrega-
tion of trabeculae of kidney and liver respectively. Treatment
with API significantly reduced the aforementioned altera-
tions and thereby protecting the renal and hepatocyte, thus
confirming the antioxidant activity of the extract as reported
by our earlier study.” These observations are in agreement
which was reported that Mucuna pruriens seeds are capable
of exerting positive structural changes in pancreas and liver
through its antioxidant and anti-diabetic properties.’!

CONCLUSION

This study shows the ameliorative effect of apigenin from
Morus Indica in STZ induced diabetic rats that can be
beneficial to maintain the glycemic level in diabetes and
may prevent the secondary complications of hyperglycemia.
Its hypoglycemic activity seems to be principally by means
stimulations of insulin secretion and which may contribute to
the normalization of biochemical parameters of lipid profile,
renal and liver function test. Based on the outcomes of the

present study, it is proven that apigenin from Morus Indica
has potential hypoglycemic activities and the result scientifi-
cally valid their use in traditional medicine. However, further
studies are required to understand the mechanisms of action
underlying the beneficial effects of Apigenin on this pathol-

ogy.
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Table 1: Blood glucose level and weights of rats of the groups at various at intervals of the study

Mean body weight (g)

Blood glucose level (mg/dL)

Groups Initial 15 days 30 days 45 days Initial 15 days 30 days 45 days
Normal control 72.1+1.5 74.2+1.8 76.5%1.9 81.5+3.2 174.7+2.1 187.6+5.8 198.5+5.3 218+5.1
Diabetic control  350.6+5.97  371.8+2.8®  388.6+1.47 396.8+4.27  179.6%£4.97  154+3.87  148.3%4.3" 143+5.3
AG 358.2+4.2 210.2+8.3 174.3%1.3 131.0%4.2 195+3.8 175+6.7 168.5+6.5  159.85%5.2
API 348.8+10.5 269.8+7.1 187.6+9.1 141.2+8.7 189+2.9 178.7£6.5  169.58+4.5 161.1£3.4

Initial refers to 1 day of the treatment after diabetic induction and final values were taken before sacrifice. Values are the mean of values for six rats
with standard deviation. AG: Aminoguanidine (30 mg Kg?) treated group, API:Apigenin (50 mg Kg?) treated group. Values are mean of each group
(n=6) and + indicate standard errors according to Tukey’s Multiple Comparison Test, p < 0.05 (Normal vs Diabetic), *p < 0.05 (Diabetic vs AG and
API). AG: Aminoguanidine (30 mg Kg) treated group, API:Apigenin (50 mg Kg™) treated group.

Table 2: Effect of 6 weeks of treatment of API on biochemical parameters in STZ-induced diabetic rats.

Biochemical Analysis of blood serum

RATS ALT AST ALP CR BUN ALB TP BIL TG TC HDL
(ULY) (ULY) (ULY) (mgdly) (mgdl) (gdl') (gdl") (mgdl') (mgdl') (mgdl) (mgdl?)

1Gr0up 85.19+2.87  268.31+4.91 246.06£20.61 0.71+0.055 18.49+1.12 3.62+0.35 7.46+0.39 0.27+0.04 47.56+2.07 56.10£2.24 49.54+2.09

Sroup 195.42%5.34* 481.19+4.797 825.96+8.657 0.95+0.0317 53.54%2.827 1.41£0.14™ 4.91£0.277 0.37£0.017 144.82+3.44 79.18+2.757 39.45%+1.07
3Group 109.10+4.13  271.50+3.12  273.67£6.78 0.74+0.029" 25.76+1.4° 2.44%0.19" 6.85+0.29° 0.2120.03° 60.1t1.44  59.16%1.25" 43.64%1.41°
Group

123.88£1.89  325.15%4.15 398.11+9.96  0.74+0.012° 26.88+1.68" 2.48+0.13" 6.90+0.18" 0.22£0.3" 63.44%1.92 60.191.77" 44.18+1.08"

Note: Lipid profile [total cholesterol (TC), triglyceride (TG) and high-density lipoprotein (HDL)], Renal function test [Creatinine (CR), bilirubin (BIL), blood urea nitrogen
(BUN)] and Liver function test [alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP) including, total protein (TP), albumin (ALB)],
Values are mean of each group (n=6) and + indicate standard errors according to Tukey’s Multiple Comparison Test, p < 0.05 (Normal vs Diabetic), *p < 0.05 (Diabetic vs AG and
API) and p > 0.05 (AG vs API). AG: Aminoguanidine (30 mg Kg") treated group, API:Apigenin (50 mg Kg") treated group. Group 1- Healthy control rats; Group 2- STZ-induced
hyperglycemic rats without treatment; Group 3- STZ-induced hyperglycemic rats treated with AG; Group 4- STZ-induced hyperglycemic rats treated with API.
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Figure 1: The histopathological effect of APl in STZ-induced diabetic rats was carried in the kidney and liver. (A) and (E) are the
cross sections of Kidney and Liver respectively of Normal rats. (B) and (F)are the cross sections of Kidney and Liver respectively
of STZ induced diabetic control rats, (C) and (G)are the cross sections of Kidney and Liver respectively of STZ induced diabetic
rats treated with aminoguanidine , (D) and (H)are the cross sections of Kidney and Liver respectively of STZ induced diabetic
rats treated with API. AG: Aminoguanidine (30 mg Kg') API:Apigenin (50 mg Kg).

reep. .. |
Int J Cur Res Rev | Vol 13 « Issue 02 « January 2021 L



