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Abstract  
 
Objective: To evaluate hypoglycemic and hypolipidemic effects of Salvadora persica aqueous extracts on streptozotocin-
induced diabetic rats by measuring fasting blood glucose levels, lipid profiles and histopathological analysis of pancreas. 
 
Materials and Methods: Experimental Diabetes was induced by single intraperitoneal injection of streptozotocin (60 mg/kg) to 
albino Wistar rats. Salvadora persica extracts were administered orally at 250 and 500 mg/kg dose levels for 21 days. Glucose 
tolerance test (GTT) was performed on 16 h fasted rats and changes in blood glucose levels, total cholesterol, triglycerides, low-
density lipoprotein (LDL), very low density lipoprotein (VLDL), high density lipoprotein (HDL) and histopathology of pancreas 
were performed. 
 
Results: At a dose level of 500 mg/kg, blood glucose 85.25 ± 13.20 mg/dl, total cholesterol (TC) 114.57 ± 15.81(mg/dl), 
triglycerides (TG) 75.40 ± 16.47(mg/dl), LDL 42.63 ± 13.17(mg/dl), VLDL 22.78 ± 1.88(mg/dl), and elevation of HDL 44.88 ± 
11.61(mg/dl) were found in comparison with diabetic control on 28th day by Arabic origin Salvadora persica. It also accelerated 
the regeneration of β-cells in experimental animal’s pancreas to 32.6 ± 2.4 compared to diabetic control animal’s pancreas of 8.1 
± 0.5 at the end of 28th day.  
 
Conclusion: This study confirmed that Arabic Salvadora persica aqueous extracts at 500 mg/kg dose level, in comparison to 
other extracts (Indian Salvadora persica, 250 and 500 mg/kg, Arabic Salvadora persica 250 mg/kg) possessed significant 
hypoglycemic and hypolipidemic activities and regenerated pancreatic β-cells in streptozotocin treated diabetic rats. 
 
Key words: Salvadora persica, geo-comparison, antidiabetic activity, hypoglycemic activity, serum lipid profile, glucose 
tolerance test, histopathology, pancreatic β-cells,  
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Introduction  
     Traditionally, many herbal preparations 
have been used for the treatment of diabetes 
as alternative medicines, Miswak being one of 
the oldest. (1) Miswak is a product of Salvadora 
persica L. (Salvadoraceae) which grows in 
different areas of the world and occurs as a 
shrub from northwestern India to Africa, 
especially used in Saudi Arabia as a sunnah of 
the prophet. (2) Miswak, also known as tooth 
brush tree, is 4-6 m tall with a short trunk, 
white bark and smooth green leaves, with a life 
span of 25 years and has been used as a 
brushing stick for more than 1,300 years. (3) (4) 
The history and use of miswak (tooth stick) as 
an oral and dental cleaning tool as well as its 
biological effects have been reviewed. (5) (6) 
     The roots have been mainly used as a 
weak anti-inflammatory agent. (7) Leaves are 
prescribed to treat cough, asthma, scurvy, 
rheumatism like symptoms, and other common 
disorders. (8) The bark is scratched and the 
latex obtained is applied to heal sores. (9) 
Pharmacological studies showed that 
Salvadora persica  plant possessed 
antimicrobial, antiplaque, aphrodisiac, 
alexiteric, antipyretic, astringent, diuretic, 
stomachic activities. It has great medicinal 
uses by herbalists and common man in 
treatment of nose troubles, piles, scabies, 
leucoderma, gonorrhea, boils, toothache, hook 
worm, venereal diseases, to lower cholesterol 
plasma levels, re-establishment of the 
components of gastric mucosa, and as a 
laxative. (10) (11) Salvadora persica extract 
contains several organo-sulphur compounds 
and it is well documented that certain sulphur 
derivatives show hypoglycemic effect. Many 
plants containing organo-sulphur compounds 
are used traditionally as potent hypoglycemic 
for symptoms related to the condition. (12) 
     Trovato et al. observed hypoglycemic 
effect, an increase in plasma immunoreactive 
insulin (IRI) and an incremented oral-glucose 
tolerance in normal rats with significant 
decrease in mean body weights, when treated 
with a stem decoction of Salvadora persica. (13) 
According to Trovato et al. the ability of stem 
decoction to improve the utilization of glucose 
following a glucose load, may indicate the 
possible mechanism of hypoglycemic activity 
of this plant decoction, which further may 
facilitate peripheral utilization of the glucose, 
either by direct stimulation of glucose uptake or 

by enhanced insulin secretion. Trovato et al. 
used alloxan to induce experimental diabetes 
to the albino Wistar rats and no comparison 
with a standard anti-diabetic drug was carried 
out. 
     The present study confirmed the 
hypoglycemic and hypolipidemic activities of 
Salvadora persica obtained from two distinct 
geographical sources, i.e., Saudi Arabia and 
India, in streptozotocin (STZ) induced diabetic 
Wistar rats observed over 4 weeks. This study 
also includes the histopathological findings on 
control and treated experimental rats. 
Glibenclimide was used as a standard drug. 
 
Materials and methods 
Animals 
     Male albino Wistar rats (150-200 g) were 
used. The animals were housed in macrolon 
cages under standard laboratory conditions 
(12h light/12h darkness cycle, 21 ± 2°C room 
temperature). The animals were given 
standard pellets diet (Lipton Rat Feed, Ltd., 
Pune, India) and unrestricted water ad libitum 
throughout the experimental period. The 
animal study was approved by the Institutional 
Animal Ethical Committee (IAEC) 
173/CPCSEA (Committee for the Purpose of 
Control and Supervision of Experiments on 
Animals) of Jamia Hamdard, New Delhi, on 
25th of  March 2010. 
 
Preparation of plant extract 
     Salvadora persica roots for Indian sample 
were procured one week before the study from 
local herbal drugs market at Khari Baoli, Delhi, 
India and the roots of Salvadora persica for 
Arabic origin sample were obtained from 
sources in, Medina Munawwarah, K.S.A. The 
identity of the plant material was confirmed by 
bibliographic data and authenticated by a plant 
Taxonomist (8) (14) Department of Botany, 
Faculty of Science, Jamia Hamdard, New Delhi 
(voucher number PRD/JH/08/56). The finely 
cut air-dried roots (500 g) were extracted with 
hot water (100° C) in a Soxhlet apparatus for 6 
h each. The extracts were evaporated to 
dryness under reduced pressure and 
temperature below 45°C. The dried extracts 
were stored at 0-4°C for further use. 
 
Chemicals 
     Various biochemical estimations in blood 
viz. fasting blood glucose, total cholesterol 
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(TC), triglycerides (TG), low-density lipoprotein 
(LDL), very low density lipoprotein (VLDL) and 
high density lipoprotein (HDL) were carried out 
by using commercially available kits (Sigma-
Aldrich, USA) as per manufacturer’s 
instruction. Streptozotocin was obtained from 
(Sigma-Aldrich, USA). All the other chemicals 
used were of analytical grade.  
 
Induction of diabetes 
     Streptozotocin (STZ) was dissolved in 
freshly prepared 0.1 M cold citrate buffer (pH 
4.5) and administered through injection 
intraperitoneal (i.p.) route (60 mg/kg) to the 
overnight fasted animals. (15) After 6 h of 
administering STZ injection, rats received 5% 
dextrose solution for the next 24 h to prevent 
STZ induced fatal hypoglycemia as a result of 
massive pancreatic insulin release after its 
administration. (16) Diabetes was confirmed 72 
h after STZ administration by measuring blood 
glucose level using glucose meter (Ames One 
Touch Glucometer, Accu Check Roche, 
Germany). Further development of polydipsia 
and polyuria confirmed diabetes. The blood 
glucose level was again determined on day 7th 
and animals with a blood glucose level higher 
than 250 mg/dl were selected for further study. 
 
Experimental design 
     The rats were randomized into seven 
groups comprising of six animals in each 
group. The aqueous extracts of Indian origin 
Salvadora persica (ISpAq) and Arabic origin 
Salvadora persica (ASpAq) (250 and 500 
mg/kg dose levels) were administered orally 
(p.o.) as aqueous suspensions (3% v/v with 
Tween 80 in water) once per day. 
 
Group 1: Normal control rats received vehicle 
(3% v/v Tween 80 in water), (1 ml/kg, i.p.). 
Group 2: Diabetic control rats, received STZ in 
single dose (60 mg/kg, i.p.). 
Group 3: ASpAq treated diabetic rats (250 
mg/kg/day, p.o.), 7 days after STZ (60 mg/kg) 
treatment and continued for 21 days. 
Group 4: ASpAq treated diabetic rats (500 
mg/kg/day, p.o.), 7 days after STZ (60 mg/kg) 
treatment and continued for 21 days. 
Group 5: ISpAq treated diabetic rats (250 
mg/kg/day, p.o.), 7 days after STZ treatment 
(60 mg/kg) and continued for 21 days. 

Group 6: ISpAq treated diabetic rats (500 
mg/kg/day, p.o.), 7 days after STZ treatment 
(60 mg/kg) and continued for 21 days. 
Group7: Diabetic rats were treated with 
Glibenclamide (5 mg/kg/day, p.o.), 7 days after 
STZ treatment (60 mg/kg) and continued for 21 
days. 

 
ISpAq and ASpAq, standard drug 

Glibenclamide (5 mg/kg) and vehicle were 
administered orally with the help of feeding 
cannula. On the last day of experiment, blood 
samples were collected for biochemical 
estimations and, the animals were sacrificed, 
pancreas removed, cleaned and washed in 
ice-cold normal saline for histological studies. 
(17) 
 
Glucose tolerance test 
     Intraperitoneal glucose tolerance test (GTT) 
was performed on 16 h fasted rats using 2 g 
glucose/kg body weight. For all groups, the 
blood samples were collected from animals at 
0, 30, 90, and 120 min after glucose load at the 
end of 21 days (GTT TESTS ONLY AFTER 21 
DAYS FOR EACH GROUP?) of drug 
treatment. 
 
Histological examination preparation  
     After sacrificing the animals receiving 500 
mg/kg of both ASpAq and ISpAq extract 
samples (as pronounced results were obtained 
at 500 mg/kg than 250 mg/kg), the pancreas 
were removed, washed with normal saline and 
part of, cleared tissue was fixed in 10% natural 
buffered solution (pH 7.0-7.2). After proper 
fixation, the tissue was processed for 
dehydration in ascending grade of ethanol, 
clearing with toluene, followed by impregnation 
in paraffin wax, and then sections of 5 µm in 
thickness were cut with the help of 
semiautomatic rotary microtome. The 
histopathological examination and grading 
were carried out on chromealum hematoxiline-
phloxine stained sections at 5 μm thickness of 
tissue with 30 μm distances used for 
morphometric analysis. (18) 
     The number of islets and the number of β-
cells of each islet were counted by Olympus 
BX-51T-32E01 research microscope 
connected to DP 12 Camera with 3.34 million 
pixel resolution and Olysia Bio software 
(Olympus Optical Co. LTD, Tokyo, Japan).  
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Biochemical estimations 
     Blood glucose level was estimated by Ames 
One Touch Glucometer (Accu Check Roche, 
Germany). Serum TC, LDL, VLDL and HDL 
were estimated at the end of 4th week by using 
standard enzymatic colorimetric kits (Span 
diagnostics Ltd. Surat, India). (19) (20) (21) 
 
Statistical analysis 
     Data were expressed as mean ± SEM and 
statistical analysis was carried out using Graph 
Pad Prism, V 5.02, San Diego, CA, USA 
software. The means of data were compared 
with an analysis of variance (ANOVA) followed 

by Dunnett’s t-test. All the values were 
considered statistically significant when 
p<0.05. 
 
Results 
 
Glucose tolerance test 
     At the end of 120 min GTT results has 
shown the glucose concentration in normal 
control, STZ control, with ISpAq and AspAq 
extracts at a dose of 500 mg/kg viz 91.9 ± 2.9, 
357.4 ± 21.6 mg/dl and 97.7 ± 4.3, 95.6 ± 3.5 
mg/dl that were found to be significant with 
STZ control (Figure 1).

 

 

 

 
Figure (1). Glucose tolerance test for control, STZ, ASpAq and ISpAq at 500 mg/kg dose. Values 
are given in mean ± SD, and n=6.
 
 
Effect of Arabic and Indian origin Salvadora 
persica aqueous extracts on hyperglycemia 
 
     In all the groups, prior to STZ 
administration, basal level of blood glucose 
was nearly same for any statistical implication. 
However, there was a significant elevation in 
glucose levels 72 h after the administration of 
STZ. Although a significant hypoglycemic 
effect was evident from the first week onwards, 
decrease in blood glucose levels was more  

 
 
prominent in the third week in groups receiving 
ISpAq and ASpAq (250 and 500 mg/kg). After  
STZ administration, increase in blood glucose 
was observed in diabetic control rats (Group 2) 
when compared with normal control rats 
(Group 1). The administration of ISpAq and 
ASpAq at 500 mg/kg (Groups 4 and 6) 
decreased the glucose levels in diabetic rats 
as compared with diabetic control rats (Group 
2). The administration of ISpAq and ASpAq at 
250 mg/kg (Groups 3 and 5) decreased the 
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glucose levels in diabetic rats as compared to 
diabetic control rats. Thus, the levels of blood 
glucose returned to near normal range in 
diabetic rats treated with ISpAq and ASpAq 
(250 and 500 mg/kg) by the end of the 4th 
week. 
     The animals treated with the Arabic extract, 
ASpAq, have shown the glucose level (mg/dl) 
in the groups as: Control, Diabetic control, 
ASpAq 250 mg/kg, ASpAq 500 mg/kg and 
standard Glibenclamide at 83.16 ± 10.16, 
336.65 ± 18.41, 379±18.71, 370.83 ± 15.95, 
388 ± 15.31 on the 7th day; whereas on 14th 
day it was 88.32 ± 15.60,343.67 ± 15.71, 
157.17 ± 13.29, 139.50 ± 13.73, 265.83 ± 
18.21; on 21st day 85.45 ± 13.78, 356.57 ± 
18.11, 114.67 ± 12.71, 96.50 ± 13.78, 95.83 ± 
16.34, and on the 28th day the level was 
found to be 90.23 ± 17.45, 387.50 ±19.76, 

90.53 ± 12.84 (P < 0.05), 85.25 ± 13.20 (P < 
0.01), 81.35 ± 18.67 (P < 0.01). Whereas the 
animals treated with the Indian extract, ISpAq, 
has shown the glucose level (mg/dl) in the 
groups as: Control, Diabetic control, ISpAq 250 
mg/kg, ISpAq 500 mg/kg and standard 
Glibenclamide at 83.16 ± 10.16, 336.65 ± 
18.41, 349.45 ± 17.71, 359.73 ± 16.75, 388 ± 
15.31 on the seventh day; whereas on 14th day 
88.32 ± 15.60, 343.67 ± 15.71, 142.73 ± 17.88, 
127.50 ± 13.73, 265.83 ± 18.21;on 21st day 
85.45 ± 13.78, 356.57 ± 18.11, 123.21 ± 13.71, 
116.65 ± 13.78, 95.83 ± 16.34, and on 28th day 
the level was found to be 90.23 ± 17.45, 
387.50 ± 19.76, 97.83 ± 14.64 (P < 0.05), 
92.33 ± 11.70(P < 0.01), 81.35 ± 18.67 (P < 
0.05) (All other significant comparisons have 
been illustrated in Figure 2). 

 
 
 
Table (1).    Effect of Indian origin aqueous extract (ISpAq) and Arabic origin aqueous extract (ASpAq) 
of Salvadora persica on hyperglycemia (mg/dl). 
 
 

 

aP<0.001 diabetic control compared with control group; bP<0.001 compared with diabetic control 
group; cP<0.05 compared with diabetic control group; Values are given in mean  ± SEM, and n = 6. 
 
 
 
 
 
 

 Arabic Origin, ASpAq Indian Origin, ISpAq  

 Control 
  

Diabetic 
Control   

Extract (250 
mg/kg) 

Extract 
(500mg/kg) 

Extract 
(250 
mg/kg) 

Extract 
(500mg/kg) 

Standard 

7th 
Day 

83.16 ± 
10.16 

336.65 ± 
18.41a 

379.00 ± 18.71 370.83 ± 15.95 349.45 ± 
17.71c 

359.73 ± 
16.75c 

388.00 ± 
15.31 

14th 
Day 

88.32 ± 
15.60 

343.67 ± 
15.71a 

157.17 ± 13.29c 139.50 ± 13.73b 142.73 ± 
17.88b 

127.50 ± 
13.73b 

265.83 ± 
18.21b 

21st 
Day 

85.45 ± 
13.78 

356.57 ± 
18.11a 

114.67 ± 12.71c 96.50 ± 13.78b 123.21 ± 
13.71c 

116.65 ± 
13.78b 

95.83 ± 
16.34b 

28th 
Day 

90.23 ± 
17.45 

387.50 ± 
19.76a 

90.53 ± 12.84c 85.25 ± 13.20b 97.83 ± 
14.64c 

92.33 ± 
11.70b 

81.35 ± 
18.67b 
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Figure (2). A. Effect of Arabic origin aqueous extract (ASpAq) of Salvadora persica on 
hyperglycemia. B. Effect of Indian origin aqueous extract (ISpAq) of Salvadora persica on 
hyperglycemia. aP<0.001 diabetic control compared with control group; bP<0.001 compared with 
diabetic control group; cP<0.05 compared with diabetic control group; Values are given in mean ± 
SEM, and n=6. 
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Effect of ISpAq and ASpAq on 
hyperlipidemia 
     In STZ-induced diabetic rats, TC, TG, LDL 
and VLDL levels were increased and HDL 
level was decreased as compared to normal 
control rats. In diabetic rats, administration of 
ISpAq 250 mg/kg (P<0.01) and ASpAq 500 
mg/kg (P<0.001) dose showed reduction in 
TC, TG, LDL and VLDL levels as compared to 
diabetic control rats. Increased level of HDL 
was observed in diabetic rats treated with 250 
and 500 mg/kg doses of ISpAq and ASpAq 
and diabetic rats treated with Glibenclamide as 
compared to diabetic control rats.  
     The animals treated with the Arabic extract 
of Salvadora persica have shown serum lipid 
profile in normal control, diabetic control, 
ASpAq 250 mg/kg, ASpAq 500 mg/kg and 
standard Glibenclamide as: for TC 103.13 ± 
12.39, 194.50 ± 13.82, 124.77 ± 13.05, 114.57 
± 15.81, 108.10 ± 13.62; for TG 87.34 ± 12.17, 

134.30 ± 14.13, 88.73 ± 13.81, 75.40 ± 16.47, 
72.63 ± 3.86; for HDL 52.60 ± 11.86, 29.53 ± 
11.02, 36.38 ± 4.92, 44.88 ± 11.61, 46.88 ± 
12.40; for LDL 31.02 ± 1.81, 77.72 ± 12.25, 
53.57 ± 12.62, 42.63 ± 13.17, 40.69 ± 11.41; 
for VLDL 21.55 ± 1.43, 35.34 ± 1.64, 25.94 ± 
1.96, 22.78 ± 1.88, 20.52 ± 1.40. Whereas 
animals treated with the Indian origin extract 
have shown serum lipid profile in normal 
control, diabetic control, ISpAq 250 mg/kg, 
ISpAq 500 mg/kg and standard Glibenclamide 
as: for TC 103.13 ± 12.39, 194.50 ± 13.82, 
156.37 ± 13.05, 120.15 ± 12.81, 108.10 ± 
13.62; for TG 87.34 ± 12.17, 134.30 ± 14.13, 
91.54 ± 12.71, 80.40 ± 13.41,72.63 ± 3.86; for 
HDL 52.60 ± 11.86, 29.53 ± 11.02, 31.33 ± 
1.92, 42.85 ± 11.61, 46.88 ± 12.40; for LDL 
31.02 ± 1.81, 77.72 ± 12.25, 63.77 ± 11.61, 
51.03 ± 12.14, 40.69 ± 11.41; for VLDL 21.55± 
1.43, 35.34 ± 1.64, 28.62 ± 1.54, 20.31 ± 1.40, 
20.52 ± 1.40. 

 
Table (2).    Effect of Indian origin aqueous extract (ISpAq) and Arabic origin aqueous extract (ASpAq) 
of Salvadora persica on hyperlipidemia (mg/dl). 
 

 Arabic Origin, ASpAq Indian Origin, ISpAq  

 Control Diabetic 
Control 

Extract 
(250 

mg/kg) 

Extract 
(500mg/kg) 

Extract 
(250 

mg/kg) 

Extract 
(500mg/kg) 

Standard 

TC 103.13 ± 
12.39 

194.50 ± 
13.82x 

124.77 ± 
13.05c 

114.57 ± 
15.81c 

156.37 ± 
13.05b 

120.15 ± 
12.81a 

108.10 ± 
13.62b 

TG 87.34 ± 
12.17 

134.30 ± 
14.13x  

88.73 ± 
13.81b 

75.40 ± 
16.47b 

91.54 ± 
12.71 

80.40 ± 
13.41a 

72.63 ± 
3.86b 

HDL 52.60 ± 
11.86 

29.53 ± 
11.02x 

36.38 ± 
4.92b 

44.88 ± 
11.61a 

31.33 ± 
1.92 

42.85 ± 
11.61a 

46.88 ± 
12.40b 

LDL 31.02 ± 
1.81 

77.72 ± 
12.25x 

53.57 ± 
12.62a 

42.63 ± 
13.17b 

63.77 ± 
11.6b 

51.03 ± 
12.14a 

40.69 ± 
11.41b 

VLDL 21.55 ± 
1.43 

35.34 ± 
1.64x 

25.94 ± 
1.96a 

22.78 ± 
1.88a 

28.62 ± 
1.54b 

20.31 ± 
1.40a 

20.52 ± 
1.40a 

 

aP<0.001 diabetic control compared with control group; bP<0.001 compared with diabetic control 
group; cP<0.05 compared with diabetic control group; xP<0.001 compared with control group; Values 
are given in mean ± SEM, and n=6. 
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Figure (3) A. Effect of Arabic origin aqueous extract (ASpAq) of Salvadora persica on hyperlipidemia. 
B. Effect of Indian origin aqueous extract (ISpAq) of Salvadora persica on hyperlipidemia. aP<0.001 
diabetic control compared with control group; bP<0.001 compared with diabetic control group; cP<0.05 
compared with diabetic control group; xP<0.001 compared with control group; Values are given in 
mean ± SEM, and n=6. 
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Effect of ISpAq and ASpAq on β cell of 
pancreas (histopathology) 
     Histopathological studies showed normal 
acini and cellular populations in the pancreatic 
islets of control rats (Group 1). Extensive  
 
 
damage to the islets of Langerhans and 
reduced dimensions of islets to diabetic control  

(Group 2), restoration of normal cellular 
population size of islets with hyperplasia by 
Glibenclamide (Group 7) were observed thus 
resulting in lowering of blood glucose caused 
by increase secretion of insulin in Group 7. The 
partial restoration of normal cellular population 
and enlarged size of β-cells with hyperplasia 
were shown by aqueous Salvadora persica 
extracts (Group 3, 4, 5 and 6) (Table-1), Figure 
4A, 4B, 4C, 4D. 

 
Table (3).  Effect of ISpAq and ASpAq on glucose level (mg/dl) and number of β cells of Pancreas 
Groups Initial blood 

glucose mg/dl 
Blood glucose mg/dl (end 

of 4th week) 
   β-cells (end of 4th week) 

Control  83.1±10.1 90.2±17.4 208.3±12.5 

Diabetic control 336.6±18.4a 387.5±15.7a 8.1±0.5a 

ISpAq 500 mg/kg 359.7±16.7c 92.3±11.7b 25.3±4.1c 

ASpAq 500 mg/kg 370.8±15.9b 85.2±13.2b 32.6±2.4b 

Standard 388.0±16.0b 81.3±18.6b 39.3±3.6b 

aP<0.001 diabetic control compared with control group; bP<0.001 compared with diabetic control 
group; cP<0.05 compared with diabetic control group; Values are illustrated as Mean ± SEM. 

 

 
Figure (4). Effect of Arabic origin Aqueous extract (ASpAq) and Indian origin Aqueous extract 
(ISpAq) of Salvadora persica on β cell of pancreas (histopathology). A Normal control. B. β-cell 
destruction of Diabetic control. C. β-cell regeneration of ISpAq (500mg/kg) group. D. β-cell 
regeneration of ASpAq (500mg/kg) group. 

53 



Maria Khan et al… 
 

Discussion 
     Currently, diabetes is controlled by a 
handful of available drugs such as oral 
hypoglycemic agents and insulin, but their 
use is going to be limited due to their own 
drawbacks like secondary failure of 
hypoglycemic drugs etc. To overcome the side 
effects or unwanted effects of synthetic drugs 
and hormones, there is a need to find safer 
and more effective antidiabetic drugs that can 
also take care of the associated disorders and 
can be used as maintenance therapy. 
Considerable research work is being carried 
out to find supplements to delay the onset 
and severity of the disease. An alternative 
cure, which could work through early to late 
stages of the disease, is needed as the 
effectiveness of any hypoglycemic drug in 
lowering blood glucose to a desired level 
decreases in many patients over a period of 
time. This may happen due to progression of 
the severity of diabetes or due to diminished 
responsiveness to the drug. This phenomenon 
is known as secondary failure.  
     The glucose tolerance of the ISpAq and 
ASpAq (500 mg/kg) showed that the serum 
glucose of treated animals significantly 
increased at 30 min, the serum glucose 
concentration was higher than at zero time but 
decreased significantly from 30 to 120 min for 
all the extract doses administered. Fasting 
plasma glucose (measured before the OGTT) 
for normal control and ASpAq (500mg/kg) were 
nearly below 6.1 mmol/L (110mg/dl) showing 
normal state and ISpAq (500mg/kg) had 
fasting plasma glucose between 6.1 and 7.0 
mmol/L (110 and 125 mg/dl) thus showing 
borderline/impaired fasting glycaemia. The 
effect of ASpAq (500 mg/kg) on oral glucose 
tolerance is evidently better than ISpAq 
(500mg/kg) as shown in the graph (Figure 1). 
     The decrease in blood glucose is 
statistically significant in the first week of 
treatment and is more evident in the 3rd week 
of treatment with ISpAq and ASpAq (250 and 
500 mg/kg). The decrease in blood glucose 
showed in a dose dependent manner, 500 
mg/kg produced better results than 250 mg/kg 
and also showed a better response to ASpAq 
than ISpAq. 
     Administration of ISpAq and ASpAq extract 
for 21 days exhibited dose-dependent 
hypoglycemic effect in STZ-induced diabetic 
rats. This was found to be in contrast to the 

hypoglycemic activity reported by Trovato et al. 
(13) in which the Salvadora persica decoction 
was not capable of lowering blood glucose in 
alloxan-diabetic rats. The data of their study 
showed that Salvadora persica stem decoction 
at two doses lowered the plasma glucose and 
increased plasma insulin levels in normal and 
glucose loaded rats, in a dose-dependent 
fashion. These results indicated that the 
hypoglycemic activity of the decoction was 
mediated through an increase of plasma 
insulin levels. Since the decoction did not show 
a hypoglycemic effect in the alloxan-diabetic 
rats, they hypothesized that in the drug there 
were water-soluble active principles which 
could influence the mechanism to produce 
and/or liberate insulin from the β-cells of the 
pancreas, but no regenerative properties 
regarding β-cells were observed. (13) 
     The histopathological studies performed on 
STZ treated diabetic rats with ISpAq and 
ASpAq showed partial restoration of normal 
cellular population and enlarged size of β-cells 
with hyperplasia by the end of 4th week. This is 
indicative of the action of ISpAq and ASpAq 
extract at the cellular level with evident 
regenerative action on the β-cells of the 
pancreas. 
     The present study showed significant 
lowering of TC, TG, LDL and VLDL plasma 
levels in rats and an increase in HDL during 
the 4 weeks of treatment. In contrast to earlier 
studies performed on the anti-hyperlipidemic 
activities of Salvadora persica with STZ 
untreated rats in which HDL and triglycerides 
were found unchanged. (22) 
     Salvadora persica has proved to contain 
trimethylamine, related to urea alkaloids, 
sulphur monocline, organic sulphur 
compounds, β-sitosteroland small amounts of 
saponins. (7) (23) (24) Five lignan glycosides were 
isolated from the stems. (25) Antioxidant 
potential of β-sitosterol was proved using an 
experimental model for diabetes-induced 
oxidative damage. Results showed a decrease 
in glycated haemoglobin, serum glucose and 
nitric oxide, with concomitant increase in 
serum insulin levels as insulin secretagogue. 
β-Sitosterol has promising antidiabetic as well 
as antioxidant effects. (26) From aqueous 
extract of Salvadora persica many amides 
were reported which may be responsible for its 
antidiabetic action as insulin secretagogue. (27) 
Several amides have been reported to have α-
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glucosidase inhibition activity, mainly N-p-
coumaroyl-N-feruloylputrescine and N-N′-
diferuloylputrescine. These compounds were 
active in reducing the post-prandial glucose 
levels. (28) The presence of CONH group and 
its position in the molecule is critical for activity 
in the said compounds. The difference in the 
activities observed in plants from Arabic and 
Indian origin is probably due to genetic 
variability re-stressing the fact that Salvadora 
persica is a native of Middle Eastern region 
and may contain a rich source of sulphorganic 
and other relevant Phytoconstituents. This in 
turn can be the basis for a novel work to find 
active phytoconstituents from the plants and 
their identification through modern 
spectroscopic methods.  
 
Conclusion 
     The potential of β-sitosterol and its various 
analogs found in Salvadora persica are well 
known as promising antidiabetics and 
antioxidants, this can provide a clue towards 
the hypoglycemic, anti-hyperlipidemic 
activities, improved oral glucose tolerance 
effect, and also regeneration of β-cells of 
pancreas recorded in the present study. In this 
study we also compared the difference in 
activity of Salvadora persica obtained from two 
different geographical sources as most of the 
studies performed by earlier scientists were 
done only on the plant material obtained from 
Middle Eastern countries but as Salvadora 
persica has also been used effectively in the 
Indian subcontinent for the treatment of 
symptoms related to diabetes i.e. 
hyperglycemia, hyperlipidemia, etc. The need 
to evaluate and compare their activities and 
chemical contents becomes indispensable to 
provide further insight on this subject. The 
extract obtained from Arabic Salvadora persica 
at dose 500 mg/kg showed slightly better 
results than Indian Salvadora persica 
especially with glucose tolerance test. The 
underlying reason may be that the plant is a 
native of Middle East and thus better quantity 
of constituents may be present. A thorough 
characterization, evaluation, and identification 
of the compounds found in the extracts should 
be done to confirm this, which can form the 
basis of a novel study. 
     Compounds related to sulphonyl urea 
alkaloids, already proved to be present in 
Salvadora persica by various scientists, shows 

the α-glucosidase inhibitory activity as 
demonstrated by β-sitosterol can be one of the 
cause of hypoglycemic and hypolipidemic 
effect of Salvadora persica extract in STZ-
diabetic and normal rats and further extensive 
studies are needed to confirm this. The above 
study may provide a platform for further work 
on this topic with its strong potential as a 
natural hypoglycemic and hypolipidemic.  
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