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Abstract

Background: Herbal medicine has been widely used in controlling diabetes and obesity for avoiding
their complications.
Objectives: The anti-diabetic, antioxidant and anti-lipidemic activity of Salvadora persica leaf aqueous
extract was tested in alloxan induced diabetic male rats.
Methods: 24 male rats were divided into 4 groups; negative control (G1), diabetic positive control (G2)
and two diabetic groups (G3 and G4) supplemented with aqueous extract of S. persica at a dose of 100
and 200 mg/0.5 ml water/100 g body weight, respectively for 28 d.
Results: The positive control diabetic group showed increase in blood sugar, liver enzyme activity,
kidney parameters, lipid peroxidation, immunoglobulines, total cholesterol, triglycerides, low density
lipoprotein, very low density lipoproteins and decrease in alpha amylase, antioxidants and high density
lipoproteins. Treating the diabetic rats in G3 and G4 with S. persica leaf aqueous extract nearly restored
all biochemical and histological changes nearly to the normal as in the control negative.
Conclusion: S. persica leaf aqueous extract has hypoglycaemic, antioxidant and hypolipidemic activity
in alloxan induced diabetic male rats. It restored all biochemical parameters and the injured kidney,
liver and pancreas tissues nearly to the normal as in the negative control group. The high dose of S.
persica leaf aqueous extract was more effective than the low dose.

Keywords: Anti-diabetic, Hypolipidemic, Salvadora persica, Leaf, Alloxan, Rats.
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ALP: Alkaline Phosphatase; ALT: Alanine Aminotransferase;
AST: Aspartate Aminotransferase; BWG: Body Weight Gain;
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FER: Food Efficiency Ratio; FI: Food Intake; G1: The 1st
group was the normal untreated control group fed fat rich diet;
G2: The 2nd group was the positive control diabetic group and
was fed fat rich diet; G3: The 3rd group, was supplemented
with aqueous extract of S. persica by stomach tube at a dose of
100 mg/0.5 ml distilled water/100 g body weight per day; G4:
The 4th group was supplemented with aqueous extract of S.

persica by stomach tube at a dose of 200 mg/0.5 ml distilled
water/100 g body weight per day; GGT: Gamma-Glutamyl
Transferase; GST: Glutathione S-Transferases; HDL: High
Density Lipoprotein; H and E: Hematoxylin and Eosin; LDL:
Low Density Lipoprotein cholesterol; LSD: Least Significant
Difference; MDA: Malondialdehyde; SOD: Superoxide
Dismutase; S. persica: Salvadora persica; SPSS: Statistical
Program for Sociology Scientists; TC: Total Cholesterol; TG:
Triglyceride; VLDL: Very Low Density Lipoproteins
cholesterol; UA: Uric Acid.
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Introduction
Salvadora persica L. (toothbrush tree) is a perennial tree
belongs to the family Salvadoraceae from which, meswak, a
chewing stick is prepared from its stings and roots for tooth
cleaning in Arabian countries. Meswak is widely used in
Islamic countries due to the fact that it is a part of Islam’s
religious practice and its use in maintaining the dental hygiene
and ultimately the potential and safely use as dental remedy
[1]. Stem decoction of S. persica showed hypoglycemic
effects, increased plasma Immunoreactive Insulin (IRI) and
incremented oral-glucose tolerance in normal rats [2].

Leaves of S. persica are eaten as a vegetable in the eastern
tropical Africa and are used in the preparation of a sauce,
tender shoots and are eaten as salad [3]. Recent investigations
showed that S. persica has hypoglycemic and hypolipidemic
activity [4-6]. S. persica has also antimicrobial activity that
enabled it to be used toothpastes manufacture in different
countries [7,8]. Salvadora persica twig powder showed
hypoglycemic, antioxidant and hypolipidemic activity in
alloxan induced diabetic rats [9].

In the present study, the anti-diabetic, the anti-
hypercholesterolemic and the antioxidant activity of the
aqueous extract of S. persica leaf was tested in alloxan induced
diabetic male rats.

Materials and Methods
Chemicals used in this study are of analytical grade.

Plant materials
Leaves of Salvadora persica tree were collected from Jeddah,
Saudi Arabia. The leaves were washed with water, dried and
then milled using mixer for aqueous extract preparation.

The fat rich diet
The fat rich diet was prepared according to Knapka et al. [10]
by mixing the following constituents: 16% casein, 10% corn
oil, 4% N.N cellulose, 4% salt mixture, 1% vitamin mixture,
0.2% choline chloride, 0.2% DL. methionine and 64.6% corn
starch.

Preparation of the aqueous extract of S. persica leaf
The aqueous extract was prepared according to the method of
Sharma et al. [11]. Briefly, the dry leaves were grinded by
grinder. 100 g of the leaf powder were macerated in 1 litre
purified water and kept in dark for 48 h at room temperature.
1% chloroform was added to avoid microbial growth. The
solution was filtered by Whatman Filter Paper No. 1 and the
filtered extract was then dried in a rotary evaporator to obtain a
dark brown powdery extract (12.5% w/w).

Experiment design
Twenty four male albino rats weighing 165-190 g (two months
age) were obtained from King Fahd Center for medical

research, King Abdulaziz University. The protocol of this study
was approved by the Ethical Committee of King Abdulaziz
University. Animals were housed 6 per polycarbonate cage.
Cages, bedding, and glass water bottles were replaced twice
per week. The stainless steel feed containers were changed
once a week. The 24 rats were divided as follows: 6 rats for the
first group (G1) the normal untreated control group fed fat rich
diet. The other 18 rats were intraperitoneally injected with a
single dose of alloxan monohydrate (150 mg/kg between
dissolved in distilled water) after fasting for 12 h to induce
diabetes [12]. After 5 d of injection, rats with blood glucose
higher than 200 mg/dl in the fasting state were considered as
being diabetic and were divided into 3 groups; the second
group (G2) was the positive control diabetic group and were
fed fat rich diet. The 3rd (G3) and the 4th (G4) groups were
supplemented with aqueous extract of S. persica by stomach
tube at a dose of 100 and 200 mg/0.5 ml distilled water/100 g
body weight per day, respectively for 28 d.

Dissection and blood collection
At the end of the experiment, animals were fasted for 14-16 h
after their last feeding and blood was collected from the heart
of Dimethyl-ether pre-anaesthetized rats in plain tubes for
biochemical analysis. Blood serum was obtained by
centrifugation at 1000 rpm for 10 min at room temperature,
and then stored at -20°C until analysis was performed. Animals
were sacrificed by cervical dislocation, and then the abdomen
was dissected and the target organs (the liver, the two kidneys
and the pancreas) were rapidly excised. A piece of liver (100
mg) was rinsed in saline and then saved in ice-cold for
antioxidant enzymes and lipid peroxidation estimation in liver
tissue homogenate. The rest of the liver, one kidney and the
pancreas were rinsed in saline for few seconds, and then kept
in 10% formalin for histopathological investigations.

Preparation of tissue homogenate
The ice-cold liver sample (100 mg) was homogenized in 0.1M
Tris-HCl buffer (pH 7.4) with a Teflon homogenizer at 4°C.
The homogenate was centrifuged at 12000 rpm for 5 min to
remove the debris, and then the supernatant was used for
estimation of the antioxidant enzymes and lipid peroxide.

Determination of fasting blood sugar (FBS)
Human kit (Germany) was used in determination of fasting
blood sugar according to the method of Trinder et al. [13].

Glycated hemoglobin (HbA1c)
Glycated hemoglobin (HbA1c) was determined in whole blood
according to the method described in variant [14] using kit
supplied by Pointe Scientific, Inc., United States.

Serum α-amylase activity
Serum α-amylase activity was determined according to the
method described by YingFoo et al. [15] using a kit supplied
by Human, Germany.
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Determination of immunoglobulins (Ig)
Immunoglobulins (IgA, IgM and IgG) were estimated in the
serum according to Berne [16] using commercially available
kits from Genway Biotech (USA).

Liver enzymes
Serum Alanine Transaminase (ALT) and Alkaline Phosphatase
(ALP) were estimated spectrophotometrically according to the
method of Thefeld et al. [17] and Schlebusch et al. [18],
respectively using Human Kit (Germany) according to the
instruction of the supplier. Serum Aspartate Aminotransferase
(AST) was estimated spectrophotometrically according to the
method of Thefeld et al. [17] using Swemed Diagnostics kit
(India). Gamma-glutamyl transferase (GGT) activity was
measured in serum using a modified kinetic method of
Gowenlock et al. [19] using kit from Spinreact, Spain.

Kidney function
Serum urea and Uric acid were estimated
spectrophotometrically as described by Fawcett et al. [20],
Fossati et al. [21], respectively using Human kit (Germany).
Serum creatinine was estimated spectrophotometrically as
described by Tietz [22] using Moody International creatinine
kit (UKAS, Germany) according to the instruction of the
supplier.

Estimation of serum electrolytes (Na+ and Ca++)
Serum Na+ and Ca++ were estimated by colorimetric methods
using Electrolytes Test Kit (India) according to Schoenfeld et
al. [23,24], respectively according to the instruction of the
supplier.

Estimation of bilirubin
Spectrum kit (Germany) was used in determination of total
bilirubin spectrophotometrically according to the method
described by Balistreri et al. [25].

Lipid profile
Serum Total Cholesterol (TC) and Triglycerides (TG) were
determined by colorimetric methods as described by Young
[26] using Spinreact Kit (Spain) according to the instruction of
the supplier. Serum High Density Lipoprotein (HDL) was
estimated according to the colorimetric method of Naito [27]
using Spinreact Kit (Spain) according to the instruction of the
supplier. Serum LDL and VLDL were calculated according to
the equation of Srivastava et al. [28] as follows: LDL=TC-
(HDL+TG\5) and VLDL=TC-(LDL+HDL).

Antioxidants and lipid peroxidation
The activities of Glutathione-S-Transferase (GSH), Catalase
(CAT), Superoxide Dismutase (SOD) were assayed in the liver
tissue homogenate according to colorimetric method of Beutler
et al. [29], Aebi [30] and Nishikimi et al. [31], respectively
using Biodiagnostic kit according to the instruction of the
supplier. Glutathione Reductase activity (GR) was assayed
spectrophotometrically as described by Goldberg et al. [32]
using Biodiagnostic kit according to the instruction of the
supplier. Lipid peroxidation was also estimated in the liver
tissue homogenate by measuring the value of Malondialdehyde
(MDA) according to colorimetric method of Satoh [33] using
Biodiagnostic kit according to the instruction of the supplier.

Physiological evaluation
The following biological parameters were estimated: total body
weight, daily Body Weight Gain (BWG), percentage of Body
Weight Gain (BWG%), Food Efficiency Ratio (FER),
percentage of Food Efficiency Ratio (FER%) [34].

Histopathological investigations
A piece of pancreas and liver and one kidney were washed in
sterile saline and fixed in 10% neutral formalin for
histopathological studies. Tissues of liver, pancreas and kidney
were dehydrated in gradual ethanol (50-99%), cleared in
xylene, and embedded in paraffin. Microscopic sections were
prepared and stained with haematoxylin and eosin (H and S)
dye for microscopic investigation [35]. Olympus light
microscope equipped with a digital camera was used in
examination and photography of the stained sections.

Statistical analysis
Values were expressed as means ± the standard errors using
SPSS program. The best group were chosen by analyzing data
using ANOVA of SAS Package. The LSD (least significant
difference was also computed using SAS.

Results

Blood glucose, hemoglobin A1c and α-amylase
Fasting blood glucose and hemoglobin A1c (Table 1)
significantly (P<0.001) elevated after diabetes induction in the
second diabetic group (G2) compared with the negative control
group (G1). On the other hand, α-Amylase (Table 1) was non-
significantly decreased as a result of diabetes in G2. Treating
the diabetic rats of the third and fourth group with the aqueous
extract of S. persica leaf significantly (P<0.001) decreased
fasting blood glucose and hemoglobin A1c and restored them
to that of the negative control group. Meanwhile, the level of
α-Amylase non-significantly increased by treating the diabetic

Salvadora persica leaf aqueous extract attenuates hyperglycemia and hyperlipidemia in alloxan induced diabetic male
rats
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rats of G3 and G4 and nearly restored to the negative control
values.

Table 1. Effect of treating alloxan induced diabetic rats with S. persica leaf aqueous extract on fasting blood glucose, hemoglobin A1c and α-
Amylase.

Parameters Statistics
G1

negative control

G2

positive control
G3 G4

FBG mg/dl

Mean ± SE
87.33 ± 2.70b 276.16 ± 1.47a 99.66 ± 0.149c 96.00 ± 0.085d

LSD 0.05=9.754

T-test - -57.38*** 82.25*** 50.45***

HbA1C%

Mean ± SE
5.333 ± 0.176b 7.933 ± 0.055a 6.666 ± 0.149c 6.200 ± 0.085d

LSD 0.05=0.3595

T-test - -13.11*** 8.10*** 15.97***

α-Amylase (u/l)

Mean ± SE
45.00 ± 4.479a 39.66 ± 2.654a 43.16 ± 2.797a 43.16 ± 2.785a

LSD 0.05=10.162

T-test - 0.86NS -0.74NS -1.12NS

Data are represented as mean ± SE. T-test values; ***Significant at P<0.001. ANOVA analysis: within each row, means with different superscript; a,b,c,dSignificantly
different at P<0.05, whereas means superscripts with the same letters mean that there is no significant difference at P>0.05. LSD: Least Significant Difference; NSNon-
Significant.

Table 2. Effect of treating alloxan induced diabetic rats with S. persica leaf aqueous extract on serum immunoglobulin’s (IgG, IgM, IgA and IgE).

Immunoglobulin’s (mg/dl) Statistics G1 Negative control G2 Positive control G3 G4

IgG

Mean ± SE
535.00 ± 3.01b 744.33 ± 1.70a 634.83 ± 5.71c 601.50 ± 3.91d

LSD 0.05=20.724

T-test - -55.59*** 18.85*** 33.33***

IgM

Mean ± SE
125.83 ± 2.24e 359.33 ± 4.37a 260.33 ± 3.92c 245.33 ± 2.01d

LSD 0.05=9.523

T-test - -36.38*** 16.26*** 29.24***

IgA

Mean ± SE
103.50 ± 3.64b 343.66 ± 6.13a 233.00 ± 3.92d 304.16 ± 1.24c

LSD 0.05=10.850

T-test - -28.14*** 21.91*** 21.62***

IgE

Mean ± SE
15.56 ± 0.57a 14.06 ± 0.44b 14.91 ± 0.58a 14.90 ± 0.51a

LSD 0.05=1.769

T-test - 6.22*** -1.16 NS -0.90 NS

Data are represented as mean ± SE; T-test values; ***Significant at P<0.001. ANOVA analysis: within each row, means with different superscript. a,b,c,dSignificantly
different at P<0.05, whereas means superscripts with the same letters mean that there is no significant difference at P>0.05. LSD: Least Significant Difference; NSNon-
Significant.

Table 3. Effect of treating alloxan induced diabetic rats with S. persica leaf aqueous extract on serum liver enzymes.

Liver
enzymes (U/l) Statistics G1 negative control G2 positive control G3 G4

ALT
Mean ± SE

23.83 ± 2.02a 23.00 ± 2.43a 27.66 ± 2.92a 22.66 ± 1.81a

LSD 0.05=7.237
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T-test - 0.26 NS -2.34* 0.09 NS

AST

Mean ± SE
21.16 ± 0.70a 21.00 ± 1.98a 23.50 ± 2.07a 21.83 ± 2.10a

LSD 0.05=4.885

T-test - 0.06NS -1.09NS -0.29NS

ALP

Mean ± SE
162.16 ± 10.08b 186.50 ± 10.98a 146.83 ± 4.71bc

123.50 ± 5.14c

 LSD 0.05=21.612

T-test - -5.15*** 5.42*** 4.06**

GGT

Mean ± SE
25.83 ± 2.22b 22.33 ± 1.56b 37.50 ± 2.75a 24.50 ± 2.06b

LSD 0.05=6.278

T-test - 1.03NS -3.85** -0.81NS

Data are represented as mean ± SE. T-test values; ***Significant at P<0.001. ANOVA analysis: within each row, means with different superscript; a,b,c,dSignificantly
different at P<0.05, whereas means superscripts with the same letters mean that there is no significant difference at P>0.05. LSD: Least Significant Difference; NSNon-
Significant.

Table 4. Effect of Effect of treating alloxan induced diabetic rats with S. persica leaf aqueous extract on serum bilirubin.

Parameters
(mg/dl) Statistics G1 negative control G2 positive control G3 G4

Total bilirubin

Mean ± SE
0.566 ± 0.049a 0.566 ± 0.033a 0.600 ± 0.036a 0.700 ± 0.073a

LSD 0.05=0.149

T-test - 0.00NS -0.54NS -1.86NS

Direct bilirubin

Mean ± SE
0.150 ± 0.022b 0.183 ± 0.016ab 0.166 ± 0.021ab 0.233 ± 0.021ab 

LSD 0.05=0.065

T-test - -1.00NS 0.54NS -1.46NS

Indirect bilirubin

Mean ± SE 0.416 ± 0.040a

0.383 ± 0.040a 0.433 ± 0.049a 0.466 ± 0.071a

LSD 0.05=0.164  

T-test - 0.59NS -0.59NS -1.11NS

Data are represented as mean ± SE. ANOVA analysis: within each row, means with different superscrip; a,bsignificantly different at P<0.05, whereas means superscripts
with the same letters mean that there is no significant difference at P>0.05. LSD: Least Significant Difference. NSNon-Significant.

Table 5. Effect of treating alloxan induced diabetic rats with S. persica leaf aqueous extract on kidney function and electrolytes.

Parameters mg/dl Statistics G1 negative control G2 positive control G3 G4

Urea

Mean ± SE
22.33 ± 1.49c 49.83 ± 1.42a 26.78 ± 4.64b 25.66 ± 1.58c

LSD 0.05=4.105

T-test - -10.61*** 4.12*** 11.94***

Creatinine

Mean ± SE
0.600 ± 0.05d 1.550 ± 0.056a 0.833 ± 0.033bc 0.633 ± 0.042d

LSD 0.05=0.128

T-test - -9.58*** 23.32*** 15.25***

Uric acid

Mean ± SE
4.066 ± 0.223a 3.833 ± 0.180ab 3.850 ± 0.133ab 3.416 ± 0.188b

LSD 0.05=0.508

T-test - 0.59NS -0.07NS 1.68NS

Na+ Mean ± SE 131.33 ± 2.95a 137.50 ± 1.25a 138.33 ± 2.71a 136.00 ± 2.03a
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LSD 0.05=6.910

T-test - -1.72NS -0.37NS 0.57NS

Ca++

Mean ± SE
9.233 ± 0.13b 9.416 ± 0.21ab 9.483 ± 0.13ab 9.733 ± 0.10a

LSD 0.05=0.414

T-test - -1.10NS -0.40NS -1.49NS

Data are represented as mean ± SE. T-test values; ***significant at P<0.001 ANOVA analysis: within each row, means with different superscript; a,b,c,dsignificantly different
at P<0.05 whereas means superscripts with the same letters mean that there is no significant difference at P<0.05; LSD: Least Significant Difference; NSNon-Significant.

Table 6. Effect of treating alloxan induced diabetic rats with S. persica leaf aqueous extract on serum lipids.

Serum lipids Statistics G1 negative control G2 positive control G3 G4

TG (mg/dl)

Mean ± SE
99.16 ± 1.01b 272.83 ± 1.44a 205.00 ± 1.57c 186.00 ± 1.48d

LSD 0.05=13.074

T-test - 83.0*** 30.45*** 56.51***

TC (mg%)

Mean ± SE
132.50 ± 2.17c 293.66 ± 1.74a 223.00 ± 18.66b 230.66 ± 1.38b

LSD 0.05=31.506

T-test - 45.84*** 3.6*** 24.04***

HDL (mg/dl)

Mean ± SE
51.16 ± 1.47a 25.83 ± 0.83b 29.50 ± 0.99c 32.66 ± 0.71d

LSD 0.05=2.179

T-test - 17.43*** 3.2** 41.0***

LDL (mg/dl)

Mean ± SE
63.13 ± 2.88b 210.46 ± 1.93a 170.73 ± 1.91c 159.00 ± 1.34d

LSD 0.05=9.754

T-test - ***-31.02 ***13.59 ***21.89

VLDL (mg/dl)

Mean ± SE
19.83 ± 0.20b 54.56 ± 0.28a 41.00 ± 0.31c 37.20 ± 0.29d

LSD 0.05=5.614

T-test - 83.0*** 30.45*** 56.51***

Data are represented as mean ± SE. T-test values; ***Significant at P<0.001, **significant at P<0.01. ANOVA analysis: within each row, means with different superscript;
a,b,c,dsignificantly different at P<0.05, whereas means superscripts with the same letters mean that there is no significant difference at P>0.05. LSD: Least Significant
Difference.

Table 7. Effect of treating alloxan induced diabetic rats with S. persica leaf aqueous extract on antioxidants and lipid peroxidation in the kidney
tissue homogenate of diabetic rats.

Antioxidant and MDA Statistics G1 Negative control G2 Positive control G3 G4

CAT (U/g) Mean ± SE 4.018 ± 0.048a 0.418 ± 0.006f 1.871 ± 0.041c 2.580 ± 0.160b

LSD 0.05=0.209

T-test - 77.22*** -38.78*** -13.21***

SOD (U/g) Mean ± SE 1116.21 ± 6.59a 422.88 ± 3.49f 786.49 ± 4.01c 814.01 ± 3.16b

LSD 0.05=18.285

T-test - 7.29*** -370.66*** -63.74***

GST (U/g) Mean ± SE 7727.66 ± 28.19a 3172.50 ± 21.06f 5113.33 ± 14.78c 5487.16 ± 22.60b

LSD 0.05=74.858

T-test - 102.38*** -81.62*** -93.68***
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Lipid peroxide (MDA)
(nmol/g) liver tissue

Mean ± SE 2.861 ± 0.152f 11.883 ± 0.319a 7.683 ± 0.064d 6.968 ± 0.182e

LSD 0.05=0.532

T-test - -20.13*** 13.59*** 11.74***

Data are represented as mean ± SE. T-test values; ***Significant at P<0.001. ANOVA analysis: within each row, means with different superscript; a,b,c,dSignificantly
different at P<0.05, whereas means superscripts with the same letters mean that there is no significant difference at P>0.05; LSD: Least Significant Difference.

Table 8. Effect of treating alloxan induced diabetic rats with S. persica leaf aqueous extract on physiological evaluation.

Physiological
evaluation Statistics G1 Negative control G2 Positive control G3 G4

FI (g/d)

Mean ± SE
16.433 ± 0.316a 16.233 ± 0.252a 16.43 ± 0.228a 16.46 ± 0.218a

LSD 0.05=0.418

T-test - 1.36NS -1.06NS -1.22NS

BWG (g/4 week)

Mean ± SE
34.833 ± 2.329a -7.833 ± 1.013b 27.66 ± 0.843a 28.16 ± 1.013a

LSD 0.05=8.191

T-test - 16.55*** -57.33*** -20.33***

BWG (g/d)

Mean ± SE
1.161 ± 0.077a -0.261 ± 0.033c 0.922 ± 0.028b 0.938 ± 0.033b

LSD 0.05=0.171

T-test - 16.57*** -57.45*** -20.35***

BWG (%)

Mean ± SE
23.580 ± 1.793a -5.291 ± 0.653c 15.16 ± 0.537b 15.44 ± 0.624b

LSD 0.05=3.933

T-test - 14.54*** -45.32*** -18.52***

FER (g/d)

Mean ± SE
0.070 ± 0.004a -0.016 ± 0.002b 0.056 ± 0.001a 0.057 ± 0.002a

LSD 0.05=0.021

T-test - 16.54*** -54.29*** -19.79***

FER (%)

Mean ± SE
7.065 ± 0.472a -1.608 ± 0.208c 5.612 ± 0.171b 5.702 ± 0.205b

LSD 0.05=1.049

T-test - 16.55*** -54.29*** -20.26***

Data are represented as mean ± SE. T-test values; ***Significant at P<0.001. ANOVA analysis: within each row, means with different superscript; a,b,c,dSignificantly
different at P<0.05, whereas means superscripts with the same letters mean that there is no significant difference at P>0.05. LSD: Least Significant Difference; NSNon-
Significant.

Immunoglobulin’s (IgG, IgA and IgM)
All immunoglobulin’s (IgG, IgA and IgM) indicate
significantly (P<0.001) increased in the positive diabetic group
(G2) compared with the negative control (Table 2). The co-
supplementation of S. persica leaf aqueous extract in G3 and
G4 significantly (P<0.001) decreased the studied
immunoglobulin’s (IgG, IgA and IgM) and restored them to the
normal values of that of the negative control.

Liver enzymes
Liver function enzymes; ALT, AST, ALP and GGT activities
significantly (P<0.001) increased in the positive diabetic group
(G2) compared with the negative control (Table 3). The co-
supplementation of S. persica leaf aqueous extract in G3 and

G4 significantly (P<0.001) decreased the elevated liver
function enzyme activity and restored them to the normal
values of that of the negative control.

Bilirubin
Serum bilirubin (Table 4) was not significantly affected either
by diabetes induction or treatment with S. persica leaf aqueous
extract.

Kidney function
Table 5 shows the kidney function parameters; urea, creatinine
and uric acid. The positive control group (G2) showed
significant (P<0.001) increase of all studied kidney function
parameters compared with the negative control group. The co-
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supplementation of S. persica leaf aqueous extract in G3 and
G4 significantly (P<0.001) decreased the all elevated kidney
function parameters and restored them nearly to the normal
values of that f the negative control. In addition, sodium and
calcium ions were not significantly affected either by diabetes
induction or treatment with S. persica leaf aqueous extract.

Serum lipids
Table 6 shows that induction of diabetes in G2 significantly
(P<0.001) increased the level of Triglyceride (TG), Total
Cholesterol (TC), Low Density Lipoprotein (LDL) and Very
Low Density Lipoprotein (VLDL) and significantly (P<0.001)
decreased the useful High Density Lipoprotein (HDL)
compared with the negative control group. Treating diabetic
rats in G3 and G4 with S. persica leaf aqueous extract
significantly (P<0.001) decreased all elevated lipid profile
(TG, TC, LDL and VLDL) and significantly (P<0.001)
increased HDL and restored all lipid profile indices nearly to
their normal values of the negative control.

Antioxidant and lipid peroxidation
Table 7 shows that induction of diabetes in G2 significantly
(P<0.001) decreased the activity of catalase, super oxide
dismutase, glutathione-S-transferase and significantly
(P<0.001) increased lipid oxidation (as determined by
malondialdehyde) in the liver tissue homogenate compared
with the negative control group. Treating diabetic rats in G3
and G4 with S. persica leaf aqueous extract significantly
(P<0.001) increased all antioxidants and decreased MDA and
restored them nearly to their normal values of the negative
control.

Physiological evaluation
Table 8 shows that induction of diabetes in G2 did not affect
daily food intake and significantly (P <0.001) decreased Body
Weight Gain (BWG), Body Weight Gain percentage (BWG%),
Food Efficiency Ratio (FER) and Food Efficiency Ratio
percentage (FER%) compared with the negative control group.
Treating diabetic rats in G3 and G4 with S. persica leaf
aqueous extract significantly (P<0.001) increased BWG, BWG
%, FER and FER% and restored them nearly to their normal
values of the negative control.

Histopathology
Kidney: Figure 1 shows the histology of kidney. Figure 1A
shows renal tissues of a rat from the negative control group
(G1) showing normal histological structure of renal
parenchyma. Figure 1B shows renal tissues of a rat from the
diabetic positive control group (G2) with vacuolation of
epithelial lining renal tubules and atrophy of glomerular tuft.
Figure 1C shows renal tissues of a rat from group 3 treated
with the lowest concentration of S. persica showing slight
vacuolation of epithelial lining renal tubules and atrophy of
glomerular tuft. Figure 1D shows kidney of rat from group 4
treated with the highest concentration of S. persica with

restored normal renal tissues showing no histopathological
changes.

Figure 1. (A) Renal tissues of rat from group 1; (B) Renal tissues of
rat from the diabetic group (G2); (C) Renal tissues of rat from G3;
(D) Kidney of rat from G4; Arrows: Glomeruli (H and E, X400).

Liver: Figure 2 shows the histology of liver. In Figure 2A,
hepatic tissues of rat from group 1 showing normal histological
structure of hepatic lobule. In Figure 2B, hepatic tissues of rat
from the diabetic untreated group (G2) showing focal hepatic
necrosis associated with inflammatory cells infiltration. Figure
2C shows the hepatic tissue of a rat from G3 showing nearly
normal tissues as a result of treatment with S. persica. Figure
2D, hepatic tissues of a rat from group 4 showing restored
normal hepatic tissues.

Figure 2. (A) Hepatic tissues of rat from the negative control group
(G1); (B) Hepatic tissues of rat from the positive control group G2;
(C) Hepatic tissues of rat from G3; (D) Hepatic tissues of rat from
G4; Arrows: Central vein (H and E X400).

Pancreas: Figure 3 shows the histology of pancreas in the 4
groups under study. In Figure 3A, the pancreatic tissues of the
negative control rats (G1) showed no histopathological
changes. In Figure 3B, the pancreatic tissues of rat from the
diabetic group (the positive control group, G2) showing
histopathological changes illustrated in vacuolation of islets of
Langerhan’s. In Figure 3C, the pancreatic tissues of rat from
G3 showing slight vacuolation of islets of Langerhan’s. Figure
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3D, pancreatic tissues of rat from group 4 showing no
histopathological changes.

Figure 3. (A) Pancreatic tissues of rat from the negative control G1;
(B) pancreatic tissues of rat from the diabetic group (G2); (C)
Pancreatic tissues of rat from G3; (D) Pancreatic tissues of rat from
G4; Arrows: Islets of Langerhans (H and E, X400).

Discussion
This study was focused at studying the medicinal benefit of S.
persica leaf aqueous extract. To achieve the objective of this
study, diabetes was induced in male rats by the intraperitoneal
injection of alloxan according to Dash et al. [12] and two doses
of leaf aqueous extract were used in treating the alloxan
diabetic rats for 28 d. In this study, induction of diabetes
damaged insulin secreting β-pancreatic cells, reduces the
endogenous insulin release and lowers the intake of glucose by
the cells which leads to increase blood sugar level and
hemoglobin A1c [36-38]. The serum alpha-amylase which is
considered as an indication of proper pancreatic function
[39,40] was also decreased as a result of diabetes and nearly
restored its normal levels by treating with S. persica leaf
aqueous extract. In addition, the immunoglobulin’s (IgG, IgA
and IgM) levels were increased by diabetes [38,41] and they
were decreased with the administration of the aqueous extract
of S. persica to the alloxan induced diabetic rats in G3 and G4
for 4 weeks. This result is consistent with recent studies by
Deepti et al. [42] who reported that there was a positive
correlation between the two parameters elevated HbA1c and
Immunoglobulin level. Immunoglobulin levels in diabetes
revealed significant increase of IgG, IgA and IgM in patients
compared to healthy controls [9,43].

In the current study, serum liver enzymes; AST, ALP, GGT and
ALT were elevated as a result of alloxan induced diabetes
reflecting active liver damage and inflammatory hepatocellular
disorders result in extremely elevated transaminase levels
[44,45]. Therefore, the increment of the activities of AST, ALT
and ALP in plasma may be mainly due to the leakage of these
enzymes from the liver cytosol into the blood stream [46].
Treating the diabetic rats with S. persica leaf aqueous extract
nearly restored all liver enzymes to their normal levels [9,43].

In addition, the increased level of serum protein, albumin and
globulin in alloxan induced diabetic rats are presumed to be
due to the increased protein catabolism and gluconeogenesis
during diabetes [47].

The elevation in renal parameters caused by alloxan induced
diabetes in the positive control diabetic group is a sign of the
major complication of diabetes called diabetic nephropathy
[9,38,43]. On the other hand, treating the diabetic rats with S.
persica leaf aqueous extract succeeded in restoring all altered
renal parameters nearly to the negative control value [43].

Alloxan induced hyperglycemia in the current study decreased
all antioxidants and increased lipid peroxidation due to the
increased oxidative stress and free radicals. This is ascribed to
the increase in oxidative stress and depleting the activity of the
anti-oxidative defense system and resulting in elevated levels
of oxygen free radicals [48]. Treating the diabetic rats with S.
persica leaf aqueous extract succeeded in increasing all
antioxidant and decreasing lipid peroxidation restoring them to
the negative control values [43].

In the current study, diabetic elevated the levels of serum TC,
TG, LDL-C and VLDL-C and decreased the level of HDLC
compared with normal control rats [49]. Treating the diabetic
rats with the two doses of S. persica leaf aqueous extract
succeeded in lowering TC, TG, LDL-C and VLDL-C and
increased the level of HDLC. This result is consistent with that
of El-Gawad [50] who reported that alloxan treatment reduced
the body weight gain of rats and increased the organ-to-body
weight ratio for liver, kidney and pancreas.

Conclusion
The current study revealed that S. persica leaf aqueous extract
succeeded in controlling hyperglycemia. In addition, S. persica
leaf aqueous extract revealed also an antioxidant and
hypolipidemic activity in alloxan induced diabetic male rats. It
restored all biochemical parameters and the injured kidney,
liver and pancreas tissues nearly to the normal as in the
negative control group.
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