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leaves and mix of them against alloxan induced hyperglycemia in rats.
The study was performed on 60 male albino rats divided into 6 groups.
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treated diabetic group. Experimental diabetes was induced by single
intraperitoneal injection of 150 mg/kg body weight alloxan. After one month blood samples
were collected for assessment of blood glucose, insulin, lipid profile (triglycerides, total
cholesterol, high density lipoprotein, and low density lipoprotein, albumin, total protein, urea,
creatinine and the activities of diagnostic marker liver enzymes aspartate aminotransferase,
alanine aminotransferase, the antioxidant properties of the extract were determined by tissue
nitric oxide, reduced glutathione and malondialdehyde. Sections of liver and pancreas organs
were qualitatively examinated under light microscope. The result showed that mean
concentrations of FBS, serum cholesterol, triglycerides, low density lipoprotein, liver
enzymes, serum urea and creatinine were significantly decreased and serum insulin, high
density lipoprotein, albumin, total protein were significantly increased in all treated diabetic
groups compared with the diabetic group. The results showed that the mix of ethanol and
aqueous extracts has higher significant effect in the most biochemical markers than the
individual effect of aqueous and ethanolic extracts respectively.
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INTRODUCTION
Diabetes mellitus (DM) is a complex metabolic disorder that characterized by disturbance in
glucose metabolism, insulin action and/or production with prolonged exposure of the cells
and tissues to hyperglycemia.[1] DM markedly increases the risk of microvascular and
macrovascular complications.[2] The most complication of hyperglycemia is a long-term
damage, dysfunction, and failure of various organs, specially the eyes, kidneys, nerves, heart
and blood vessels.[3]
Oxidative stress as well as defects in antioxidant defense systems is recognized as causative
factors for the development of major diabetic complications.[4] Hyperglycemia in diabetic
states can induce increased formation of reactive oxygen species (ROS) and oxidative stress
that cause damage to biological macromolecules such as lipids, proteins and DNA.[5]
Common antioxidants include glutathione, and the enzymes superoxide dismutase, catalase,
glutathione peroxidase, and glutathione reductase.[6] Decreased levels of glutathione and
elevated concentrations of thiobarbituric acid reactants are consistently observed in diabetes.
In addition, changes in nitric oxide and glycated proteins are also seen in diabetes.[7]
Impairment of the biological action of insulin at the cellular level is believed to be a cardinal
and possibly primary underlying metabolic defect in the development of the characteristic
dyslipidemia observed in diabetes.[8] The key components of diabetic dyslipidemia are
elevated plasma low density lipoproteins (LDL), very low-density lipoproteins (VLDL),
triglycerides (TGs), circulating free fatty acids (FFAs) and lowered high density lipoprotein
cholesterol (HDL-C).[9] Small dense LDL is a strong risk factor for cardiovascular disease, it
is highly atherogenic and serves as a marker for atherosclerosis where the oxidation of LDL
leads to its increased penetration of arterial walls.[10]
Management of DM without any side effects is still a challenge to the medical system. There
is an increasing demand by patients to use natural products with antidiabetic activity, because
insulin and oral hypoglycaemic drugs have undesirable side effects.[11]
Over the past centenary, the phytochemicals and active constituents in plants have played a
pivotal role in pharmaceutical discovery.[12] One of such plants with bioactive materials is

www.wjpps.com

Vol 8, Issue 3, 2019.

146

Dina et al.

World Journal of Pharmacy and Pharmaceutical Sciences

Annona squamsoa (A.squamosa). A. squamosa L. is commonly known as sugar apple,
custard apple, sweet sop and sweet apres, is a member of Annonaceae family.[13] In recent
years, many biological activities of custard apple have been found in a large number of
studies, such as the vitro antioxidant activities of methanol and aqueous extract of A.
squamosa fruit pulp[14]; the antidiabetic activity of the aqueous extract of Annona
squamosa[15]; the antitumour activity and cytotoxic effects of A. squamosa seed extracts.[16]
Annona squamosa leaves has been reported to contain alkaloids, saponins, flavonoids,
terpenoids, glycosides and phenolic compounds that exhibited the medicinal activities like
antimicrobial, antioxidant, anticancerous and antidiabetic activities.[17]
The objective of present study is to investigate hypoglycemic, hypolipidemic effects and
antioxidant activity of ethanolic and aqueous extracts of A.squamosa leaves against alloxan
induced hyperglycemia in rats.
MATERIALS AND METHODS
Materials
-

Animals: 60 male albino rats, weighted 150-200 gm, were obtained from the animal
house of the National Research Centre, Giza, Egypt.

-

Chemicals: Alloxan was purchased from Sigma Aldrich medical company St.Louis USA.

-

Leaves of A. squamosa: Fresh leaves of Annona squamosa were collected in the month
of November in 2016 from Al-Nobaria, EL-Behera, Egypt. The leaves were identified by
the Taxonomist/curator of Botany Department, Faculty of Science, Port-Said University.

Methods
-

Induction of diabetes

Alloxan monohydrate was dissolved in normal saline and freshly prepared solution was
injected intraperitoneally at a dose of (150 mg/kg.) after 18 hr fasting of animals.[18] After 1
hr of alloxan administration, the animals were fed on standard pellets and water ad libitum.
After 48 hours of the injection by alloxan the blood glucose was estimated. The animals
were considered to be diabetic if fasting glucose level was 200mg/dl or over.[19]
-

Preparation of aqueous extract of leaves of A.squamosa

Fresh leaves of A.squamosa were collected. leaves were cleaned with water then dried at
60Cº for three consecutive days in the oven. Dried leaves (500 g) were extracted with warm
water for 2 hrs. The resulting dark brown extract was cooled and filtered using gauze then
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two times by Whatman no.1 filter paper. The filtrate was centrifuged at 10,000 rpm for 10
min in sorvall centrifuge at room temperature and the sediment was discarded. The
supernatant of extract was concentrated on rotavapour under reduced pressure. The
concentrated crude extract was lyophilized to get a powder (50 g) and was used for the study.
The obtained crude extract was weighed and stored at deep freezer until dissolved with (0.9%
NaCl) before animal treatment.[15]
-

Preparation of ethanolic extract of leaves of A. squamosa

The leaves were washed with water and dried. About 500 g of crushed leaves were extracted
twice with 70% ethanol for 6 h. The resulting extract was filtered. The filtrate was evaporated
in vaccum evaporator to give a residue (yield: 8.2% w/w).[20]
Experimental design
All rats were housed individually in stainless steel cages for one month; they were fed
standard rodent chow and kept in standard conditions of temperature and light. The animals
were divided into 6 groups with 10 animals in each group:
Group I: Normal control rats received only normal saline intraperitoneally.
Group II: Diabetic rats received only alloxan (150 mg/kg i.p.).
Group III: Diabetic rats received vildagliptin drug (10 mg/kg bw).[21]
Group IV: Diabetic rats received aqueous extract of A. squamosa (300 mg/kg/day).[11]
Group V: Diabetic rats received ethanolic extract of A. squamosa (300 mg/kg/day).[11]
Group VI: Diabetic rats received mix of ethanolic and aqueous extract of A.squamosa (300
mg/kg/day).
Blood sample and tissue collection
At the end of the experiment, one month, the animals were fasted for 14-16 hours. Blood
samples were withdrawn from the orbital vein using ether as general anesthetic. Blood
samples were divided into two portions, the first portion was collected in tubes contain
sodium floride for blood glucose estimation. A second portion collected in plan tube, and
serum was separated at 4000 rpm for 15min for estimation levels of total cholesterol,
triglycerides, HDL-cholesterol, urea, creatinin, AST, ALT insulin, albumin and total protein.
Liver and pancreas were removed quickly on ice and homogenized, prepared for estimation
of MDA in pancreas tissue and NO and GSH in liver tissue.
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Preparation of liver and pancreas homogenate for oxidant / antioxidant parameters
Liver and pancreas were removed quickly and placed in iced normal saline, perfused with the
same solution to remove blood cells, blotted on filter paper and frozen at -80C. The frozen
tissues were cut into small pieces and homogenized in 5 ml cold buffer (0.5g of Na2HPO4 and
0.7 g of NaH2PO4 per 500 ml deionized water (pH 7.4) per gram tissue, then centrifuged at
4000 rpm for 15 minutes at 4C and the supernatant was removed for chemical parameters
estimation.[22]
Histopathological studies
Liver and pancreas organs of different animal groups were collected for microscopic
examinations and stored in 10% formalin. After usual processing 5 µm thick sections were
cut and stained with hematoxylin and eosin.[23] Sections were qualitatively observed under
light microscope.
Biochemical Analysis: The following parameters were investigated:
Fasting blood glucose was performed according to the method of Passing and Bablok[24]
using commercially kit supplied by Biodiagnostic, Egypt.
Serum insulin was estimated by enzyme-linked immunosorbent assay according to
Judzewitsch et al.[25] by the kit provided by DRG, USA.
Serum cholesterol and triglycerides were estimated according to established methods of
Allain et al.[26] and Glick et al.[27] respectively. HDL- cholesterol was measured by the
enzymatic method according to Lopez–Virella[28], while LDL cholesterol was calculated
according to the equation of Friedwald.[29]
Pancreatic malondialdehyde (MDA) was determined using colorimetric kit (from
Biodiagnostics, Egypt) according to the method of Ohkawa et al.[30]
Liver nitric oxide (NO) was estimated by colorimetric methods according to Lisa et al.[31]
Liver glutathione reduced (GSH) was determined using colorimetric kit (from
Biodiagnostics, Egypt) according to the method of Beutler et al.[32]
Serum urea was measured by colorimetric monoreagent according to the method of Fawcett
et al.[33] Kit was purchased from Biodiagnostics, Egypt.
Serum creatinine was measured by kinetic kit (Biodiagnostic, Egypt) according to Belfield
and Goldberg[34] method.
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Serum alanine amino transferase (ALT) and aspartate amino transferase (AST) were
determined using commercial kit purchased from (BioMed Diagnostics, Egypt) based on the
method described by Reitman and Frankel.[35]
Serum albumin was measured by colorimetric kit (Biodiagnostic, Egypt) according to the
method of Doumas et al.[36]
Serum total protein was measured by colorimetric kit (Biodiagnostic, Egypt) according to
the method of Gornal et al.[37]
STATISTI CAL ANALYSIS
Results were expressed as mean ± standard error. Data were analyzed by independent sample
test (SPSS) version 15 followed by (LSD) test to compare significance between groups.
Difference was considered significant when P value <0.05.
RESULTS AND DISCUSSION
Medicinal plants are a good source of natural antioxidants believed to exert their effect by
reducing the formation of the final active metabolite of the drug-induced systems or by
scavenging the reactive molecular species to prevent their reaching a target site.[38] The aim
of this work was studying the efficacy of the aqueous and ethanolic extracts of Annona leaves
extract as a natural antidiabetic treatment rather than synthetic chemical drugs in the
experimental treatment of alloxan induced diabetes in rats, and how we can avoid major side
effects of currently used chemical drugs. In the present study alloxan induce diabetes by
pancreatic cell damage mediated through generation of oxygen free radicals. The primary
target of these radicals is the DNA fragmentation of pancreatic cells.[39]
As regard administration of aqueous and ethanolic extract of A. squamosa leaves to diabetic
rats showed a significant decrease in the levels of blood glucose and an increase in the levels
of serum insulin. These results are in agreement with Gupta et al.[20] and Shirwaikar et al.[40]
who reported the anti-diabetic effect of aqueous and ethanolic extract of leaves of A.
squamosa in experimental diabetic animals table 1.
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Table (1): Levels of fasting blood sugar and serum insulin in different treated groups.
Parameter
F.B.S
Serum Insulin
mg/dl
μIU/ml
Groups
76.2 ±2.2
15.1 ±0.7
Control
a
287.8 ±6.1
6.2 ±0.2 a
Diabetic
Diabetic treated with
144.0 ±3.2b
8.1 ±0.1 b
vildagliptin drug
Diabetic treated with aqueous
117.4 ±2.8bce
9.9 ±0.2 bce
extract of leaves
Diabetic treated with ethanolic
119.2 ±2.8bce
9.5 ±0.2 bce
extract of leaves
Diabetic treated with mix of the
93.4 ±2.6b
11.9±0.4b
aqueous and ethanolic extracts
a = significant versus control group, b = significant versus diabetic group, c = significant
versus diabetic treated with vildagliptin drug, d = significant versus diabetic treated
with aqueous extract of leaves. e = significant versus mix.
The possible mechanism by which A. squamosa achieved its hypoglycemic action in diabetic
rats may be by potentiating the insulin action by either increasing the pancreatic secretion of
insulin from the existing beta cells or by its release from the bound form.[40] Moreover, Ren et
al.[41] reported that A. squamosa might exert anti-diabetic effect by inhibiting of alphaglycosidase enzyme.
After treatment with A. squamosa leaves extracts at a dose of 300 mg/ kg, islets of
Langerhans showed an improvement and restoration of normal cellular population size. The
histopathological finding of diabetic liver and pancreas treated with both extracts of
A.squamosa leaves showed marked improvement and minimal pathological changes. These
results are in agreement with Raj et al.[42] who reported the hepatoprotective potential of the
alcoholic extract of A. squamosa leaves in DEN-induced liver injury in mice thus the
histopathological pattern of treated groups showed a minimal inflammation with moderate
portal triaditis and their lobular architecture were normalized.
The current results of the pancreatic tissues of diabetic group illustrated in figure (1) showed
moderate degeneration of pancreatic acini (A), with markedly shrunken islets size with
moderate edema and congestion (C and E). There was moderate inflammatory cells
infiltration formed of lymphocytes surrounding pancreatic islets (dashed arrow) with vacuolar
degenerated islets cells (arrow), vessels showed slight wall thickening (arrowhead). As regard
diabetic treated with mix of the two extracts, the pancreatic tissues showed marked
improvement, islets size were restored, cells (arrow) showed pale eosinophilic cytoplasm
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with rounded nuclei. No degenerative changes were seen in normal pancreatic acini (A).
While, residual focal edema (E) and small capillary sized islets vessels (arrowhead) were
showed as compared with other treated groups.
As shown in figure (2), the liver tissue showed partially disturbed architecture, hepatocytes
are arranged in thick and thin cell plates with distended cytoplasm showing moderate
hydropic degeneration and steatosis (Arrow), enlarged nuclei (Arrowhead) with few
sinusoids (S). There are foci showing an inflammatory cells infiltrate formed of lymphocytes
and plasma cells (Dashed arrow). The central veins showed marked congestion (C). On the
other hand, in diabetic treated mix of extracts the liver tissue is formed of hepatocytes (arrow)
that have abundant cytoplasm with marked improvement, minimal hydropic degeneration and
arranged in thin cell plates with normal sinusoids (S), some cells showed nucleoli
(arrowhead). There is minimal residual inflammation (dashed arrow) surrounding central vein
(C) as compared with other treated group.

Fig. 1 – Effect of different extracts on histopathological features of pancreas: (A)
normal control group; (B) diabetic control group; (C) diabetic treated Vildagliptin
drug; (D) diabetic treated aqueous extract of leaves; (E) diabetic treated alcohol extract
of leaves (F) diabetic treated mix of extracts.
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Fig. 2 – Effect of different extracts on histopathological features of liver: (A) normal
control group; (B) diabetic control group; (C) diabetic treated Vildagliptin drug; (D)
diabetic treated aqueous extract of leaves; (E) diabetic treated alcohol extract of leaves
(F) diabetic treated mix of extracts.
The liver and the kidney are the major organs that affected by diabetes. If the liver enzyme
activity and kidney functions increased, it may indicated to liver and kidney damage.[43] Liver
enzymes are good indicators for liver functioning. Diabetic conditions also caused secretion
and release of liver enzymes to blood circulation due to destruction of cells due to changes in
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membrane structure.[44] Oral administration of aqueous and alcoholic extracts by 300 mg/kg
doses significantly reduces the levels of AST and ALT enzymes in blood. In accordance with
our results, Saleem et al.[45] were reported the protective effect of alcoholic extract of A.
squamosa leaves on liver and improvement of its functional efficiency in rifampicin induced
hepatotoxic rats through significant decrease in total bilirubin, alkaline phosphatase (ALP),
AST and ALT.
In the present work, alloxan-induced diabetic rats exhibited significantly higher serum urea
and creatinine levels compared to the control group. These results were in agreements with
Kaleem et al.[11] who reported that DM increased production of reactive oxygen species that
causes renal damage and abnormal glucose regulation causes haemodynamic changes within
the kidney tissue that could be due to increased oxidative stress.
As well as, reduction in serum total protein and albumin levels was observed in alloxaninduced diabetic group compared to control group and this was consistent with the results
obtained by Kaleem et al.[11] The decrease in protein and albumin may be due to
microproteinuria and albuminuria, which are important clinical markers of diabetic
nephropathy [46] and may be due to increased protein catabolism.[47] The results of the present
study demonstrated that the administration of aqueous and alcoholic extracts of A. squamosa
to diabetic rats was significantly elevate the levels of total protein and albumin and
significantly decrease urea and creatinine levels compared with diabetic group.
The hepatoprotective effect and enhancing renal function of the extracts may be due to that A.
squamosa leaves contain flavonoids which posses antioxidative effects might have scavenged
the free radical, so offering hepato and renal protection[11,38] table 2.
Table (2): Levels of kidney function parameters in different treated groups.
Parameters
Groups
Control
Diabetic
Diabetic treated with vildagliptin drug
Diabetic treated with aqueous extract of leaves
Diabetic treated with alcoholic extract of leaves
Diabetic treated with mix of aqueous and
alcoholic extracts

www.wjpps.com

Creatinine
mg/ dl
0.7 ±0.06
1.9 ±0.1a
1.2 ±0.07b
0.98 ±0.05bce
1.1 ±0.04be

15.8 ±0.5
34.4 ±1.2 a
27.4 ±0.8 b
24.8 ±0.6 bce
25.4 ±0.7 be

Total
protein g/dl
10.0 ±0.2
4.3 ±0.2 a
6.6 ±0.3 b
6.9 ±0.4be
7.2 ±0.4 be

0.8 ±0.07b

20.2 ±0.4 b

8.4 ±0.24 b

Vol 8, Issue 3, 2019.

Urea mg/dl

154

Dina et al.

World Journal of Pharmacy and Pharmaceutical Sciences

a = significant versus control group, b = significant versus diabetic group, c = significant
versus diabetic treated with vildagliptin drug, d = significant versus diabetic treated
with aqueous extract of leaves. e = significant versus mix.
Table (3): Levels of liver functions parameters in different treated groups.
Parameters

Albumin
g/dl

GOT
U/L

GPT
U/L

Groups
4.4 ±0.1
35.0 ±1.6
21.0 ±1.2
Control
a
a
2.3 ±0.2
94.8 ±0.3
74.6 ±2.6 a
Diabetic
Diabetic treated with vildagliptin
3.3 ±0.05 b
62.2 ±1.6 b
39.0 ±1.2 b
drug
Diabetic treated with aqueous
3.9 ± 0.17bc 46.8 ±1.6bc
37.6 ±1.8be
extract of leaves
Diabetic treated with alcoholic
3.5 ±0.06 b 44.8 ±0.6 bc
40.0 ±1.7 be
extract of leaves
Diabetic treated with mix of
3.9 ±0.2 b
43.4 ±0.4 b
28.4 ±1.0 b
aqueous and alcoholic extracts
a = significant versus control group, b = significant versus diabetic group , c =
significant versus diabetic treated with vildagliptin drug, d = significant versus diabetic
treated with aqueous extract of leaves. e = significant versus mix.
It has been demonstrated that insulin deficiency in diabetes mellitus leads to a variety of
derangements in metabolic and regulatory processes.[48] In the present study, level of
cholesterol, TGs, LDL-cholesterol was significantly increased and HDL-cholesterol was
significantly decreased in diabetic group compared to control group. These results were in
agreement with finding of Otamere et al.[9] who reported that the most common lipid
disorders associated with diabetes are increased levels of cholesterol, triglyceride-rich
lipoproteins, low level of HDL and the presence of small dense LDL particles. Defect in
insulin secretion associated with a diminished level of LDL receptor causes the increase in
LDL particles.[10]
Deficiency of insulin is associated with increase in cholesterol levels due to the enhanced
mobilization of lipids from the adipose tissue to the plasma.[48] On the other hand,
hypertriglyceridemia results from accumulation of VLDL particles, either by overproduction,
decreased catabolism or both due to lack of insulin, which normally activates the enzyme
lipoprotein lipase which catalyses the hydrolysis of the TGs component of circulating
chylomicrons and VLDL particles.[50]
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The decreased HDL level in diabetic rats may be due to the decreased production of HDL by
intestine and liver or due to the nonenzymatic glycation of HDL or its apolipoprotein A-I
which results in a decrease in Lecithin cholesterol acyltransferase (LCAT) activity which
catalyzes the maturation of HDL particles by esterifying free cholesterol molecules [51]. These
findings indicate that DM is accompanied with increased risk of atherosclerosis and coronary
artery diseases. Lowering of serum lipid levels through dietary or drug therapy seems to be
associated with a decrease in the risk of vascular disease.[52]
As regard to aqueous and ethanolic extracts of A.squamosa leaves treatment to diabetic
group, the mean level of cholesterol, triglyceride, LDL-cholesterol was significantly
decreased and HDL-cholesterol was significantly increased compared to diabetic group.
These results were in agreement with Tomar and Sisodia[53] who reported that A. squamosa
L. extract at a dose of 350 mg/kg b.w. caused significant decrease in serum lipids cholesterol
and triglycerides and significant increase in serum HDL levels after 28 days of treatment
when compared to diabetic control group. Also, Gupta et al.[20] reported that after 15-day
treatment of ethanolic extract of A.squamosa leaves brought down the elevated levels of TC,
LDL and VLDL cholesterol and TG in diabetic animals to nearly normal level and increased
the HDL cholesterol which considered a desirable effect. Shirwaikar et al.[40] attributed the
significant control of the levels of serum lipids in the aqueous extract of A. squamosa leaves
treated diabetic to improvements in insulin levels upon A. squamosa therapy table (4).
Disturbances in the normal redox state of cells can cause toxic effects through the production
of peroxides and free radicals that damage all components of the cell, including proteins,
lipids, and deoxyribonucleic acid (DNA). Chemically, oxidative stress is associated with
increased production of oxidizing species or a significant decrease in the effectiveness of
antioxidant defenses, such as glutathione. Oxidative stress has been considered to be a
pathogenic factor of diabetic complications.[54]
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Table (4): Levels of lipid profile parameters in different treated groups.
Parameters
Groups

Cholesterol
mg/dl

TGs mg/dl

HDLcholesterol
mg/dl
92.4 ±9.2
29.0 ±0.9 a

LDLcholesterol
mg/dl
54.0± 1.3
111 ±2.9 a

57.8 ±9.2
67.0 9.±3
Control
a
131.0 ±2.7
145.0 ±3.2 a
Diabetic
Diabetic treated with
71.8 ±1.7b
109.2 ±2.0 b 30.2 ±0.5 b
76± 1.1b
vildagliptin drug.
Diabetic treated with aqueous
64.4 ±1. 4bce
77.4 ±3.4bc
33.8 ±1.2bc
73± 1.3be
extract of leaves.
65.4 ±3.1b
92.2 ±1.6bcde 32.6 ±1.2be 77 ±1. 8bde
Diabetic treated with alcoholic
extract of leaves.
72.0± 2.7 b
73.3 ±1.6 b
40.6 ±2.0 b
64 ±1.2 b
Diabetic treated with mix of
aqueous and alcoholic extracts
a = significant versus control group, b = significant versus diabetic group, c = significant
versus diabetic treated with vildagliptin drug, d = significant versus diabetic treated
with aqueous extract of leaves. e = significant versus mix.
Lipid peroxidation is a free radical-induced process leading to oxidative deterioration of
polyunsaturated fatty acids. lipid peroxidation is evaluated by measuring the level of MDA
which is formed when polyunsaturated fatty acyl chains are attacked by hydroxyl radicals.[55]
We have observed a significant increase in MDA level in pancreatic tissues of diabetic rats
compared to control group. This result was in agreement with a study of Bagri et al. [56] who
reports that MDA was significantly increased in pancreas of STZ induced diabetic animals
(table 5).
Nitric oxide is a potent vasodilator and cytostatic agent and may therefore be involved in
diabetic angiopathies. NO interact with superoxide to produces another potent oxidant, the
peroxynitrite anion, which rapidly decomposes to give significant quantities of hydroxyl
radical, nitrate and nitrite.[57] The present data indicated that alloxan-induced diabetes
disrupted the level of NO. Bhatia et al. [57] observed a significant increase of NO end products
in serum of diabetic patients accompanied with nephropathy.
GSH is a well known and an important inhibitor of free radical mediated lipid
peroxidation.[58] Data of the current work showed a marked depletion in the GSH content of
liver in alloxan-induced diabetic rats compared to control rats. Several studies have also
reported the decreased levels of plasma GSH in diabetic rats.[56] This decreased level of GSH
in diabetes may result from increased utilization in trapping the oxyradicals.[56]
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As regard, aqueous and ethanolic extracts of A.squamosa leaves treatment showed a
significant increase in liver GSH content, decrease in pancreatic MDA and liver NO levels of
diabetic rats. In agreement with these results, Nandhakumar and Indumathi[14] reported that
the aqueous and alcoholic extracts of A.squamosa leaves counteract the effect of nitric
oxide, exhibited NO scavenging activity and arrest the chain of reactions, initiated by excess
generation of NO in vitro. Furthermore; Gupta et al.[15] reported that the water extract
significantly decreased the MDA and increased GSH levels in diabetic rats in comparison to
diabetic control rats. Kalidindi et al.[59] reported that antioxidant and free radical scavenging
activities of A. squamosa leaves extracts contributed to the presence of the flavonoids and
phenols.
Table (5): Levels of oxidant and antioxidant parameters in different studies groups.
Parameters
Groups
Control
Diabetic
Diabetic treated with vildagliptin drug
Diabetic treated with aqueous extract
of leaves
Diabetic treated with alcoholic extract
of leaves
Diabetic treated with mix of aqueous
and alcoholic extracts
a = significant versus control group,

MDA
nmol/gm
49.8 ±2.3
117.2 ±3.07a
80.6 ±1.7b
63.6 ±1.9bce

NO
μmol / gm
7.2 ±0.4
17.3 ±0.5 a
10.4 ±0.5 b
11.0 ±0.3be

GSH
mg/gm
48.0 ±1.5
25.6 ±1.3 a
33.4 ±1.2 b
36.2 ±1.3b

63.2 ±1.8bce

12.9 ±0.4bcde

33.4 ±1.2be

44.2 ±1.6b

9.5 ±0.4 b

38.8 ±1.0 b

b = significant versus diabetic group , c =

significant versus diabetic treated with vildagliptin drug, d = significant versus diabetic
treated with aqueous extract of leaves. e = significant versus mix.
The present results showed that no significant difference was found between diabetic group
treated with aqueous extract of leaves and diabetic group treated with alcoholic extract of
leaves in the most markers. Furthermore, the results obtained clearly suggested that the mix
of ethanol and aqueous extracts has an effective anti-diabetic and antioxidant activities than
the aqueous extract or ethanol extract individually that could be due to a higher presence of
phenolic and flavonoidal constituents in the mixes of extracts.
CONCLUSIONS
No significant difference was found between diabetic groups treated aqueous extract of
leaves and diabetic group treated alcohol extract of leaves in the most markers. Mix extracts
ethanolic and aqueous of A. squamosa leaves showed more potent hypoglyceamic,

www.wjpps.com

Vol 8, Issue 3, 2019.

158

Dina et al.

World Journal of Pharmacy and Pharmaceutical Sciences

hypolipidemic effect and antioxidant activities in most marker compared with the aqueous
extract or ethanolic extracts individually.
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