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Prevention and treatment of brain damage in streptozotocin
induced diabetic rats with Metformin, Nigella sativa, Zingiber
officinale, and Punica granatum

SibghatullahMuhammad Ali Sangi1,*, Nora Abdulaziz Al Jalaud2

ABSTRACT
Introduction: Diabetes mellitus (DM) is well-known metabolic disorder, which causes serious ef-
fects on human healthwith its complications. Manymechanisms has been postulated to cause DM
related complications. Oneof themain complications is neuronal damage, forwhich noproper pre-
ventive and curative therapies are available. Methods: In this study the effects of Ginger, Nigella
sativa, Punica granatum and Metformin were seen on the prevention and treatment of brain dam-
age caused by diabetes mellitus in streptozotocin (STZ)- induced diabetes in rats. 50 adult Wistar
albinomale rats were used in the study, the rats were divided in 10 study groups. The body weight,
serum glucose levels were measured, and histopathological examination was performed. Results:
In comparison to the diabetic control rats, significant increase in weight was found in animals of all
the studied groups. Serum glucose levels reduced significantly in comparison to the STZ induced
diabetic rats in all the animals. Histopathological examination showed prevention from brain dam-
age and repair of the neuronal tissues by Ginger, Nigella sativa, Punica granatum and Metformin.
Conclusion: The studied substances were observed to possess preventive and curative effects on
the brain damage caused by diabetes mellitus.
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INTRODUCTION
Diabetes mellitus (DM) is a metabolic disorder that
is characterized by an increase in blood glucose (BG)
and excretion of glucose in urine. DM is one of the
major global health hazards of the recent years and
also an emerging threat to public health in Kingdom
of Saudi Arabia. The endemic Saudi population ap-
pears to possess a special genetic trend to develop
Type II DM, that is complicated by an increment in
obesity statistics, and the presence of other causes of
the insulin resistance1.
The main pathology associated with Type II DM is
insulin resistance, which causes insulin deficiency
in the hepatic and peripheral tissues causing hyper-
glycemia 2,3.
In type1 and type II diabetes mellitus, glucose uptake
gets disturbed, especially in muscle and adipose tis-
sues, resulting in hyperglycemia 4. The neurons start
taking up glucose without insulin, therefore, in hyper-
glycemic diabetes mellitus, hyperglycemia causes an
up to four-fold increase in neuronal cell glucose up-
take. Increased cytosolic glucose concentration and
metabolism leads to neuron damage2,5.

In previous human and animal studies, DM has been
found to be associated with pathological changes in
the central nervous system, causing cognitive func-
tion decline, behavior disorders and an increased risk
of vascular abnormalities in the brain2,6,7.
It has been suggested that long-term DM augments
the risk of brain shrinkage, lacunar infarcts and white
matter (WM) abrasions. The functional and behav-
ioral consequences of diabetic brain abnormalities
include cognitive decline and movement disorders.
Many structural brain changes have been described
such as increased hippocampal astrocyte reactivity,
abnormal synaptic plasticity, vascular alterations, de-
creased dendritic complexity and disturbed neuro-
transmission8–10.
In the pathogenesis of diabetes related brain dam-
age, disturbed coupled electron transport systems are
caused by damaged mitochondria, which is the main
foci for reactive oxygen species (ROS) in the neurons.
Therefore, oxidative stress is recognized as amainme-
diating process in the pathogenesis of diabetic compli-
cations, due to increased production of free radicals
and abnormal antioxidant defenses11,12.
Many of herbal substances have been found to possess
antioxidants and protect brain from damages. Nigella
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Sativa is known to possess antioxidants and anti-
hyperglycemic effects and prevents neuronal dam-
age13,14.
Because of the chronic symptoms, the development
of new treatment strategies is requiredto improve the
effectiveness in treatments10.
Ginger has also been found to possess anti-oxidative
properties and has been shown to perfrom neuropro-
tection in diabetic rats and protective and therapeutic
effect on Alzheimer’s disease 15–17.
Pomegranate or Punica granatum, is a small tree or
shrub found in theMediterranean region18. It possess
several biological effects such as antitumor and an-
tibacterial functions, which have been reported with
the extracts from different parts of P. Granatum19,20.
It has been shown that Punica granatum can alleviate
brain oxidative stress in diabetic rats via the regula-
tion of antioxidant defense mechanisms, which can
ameliorate the abnormality in learning and memory
performances in diabetic rats21,22.
Metformin is a standard antidiabetic drug, belonging
to the Biguanide group, which was shown to attenuate
stroke-induced nitrative signaling in GK rats23. Pre-
vious studies showed thatmetformin can significantly
reduce Neuro-inflammation, decrease the loss of neu-
rons in the hippocampus of diabetic animals, and pre-
vent diabetes-induced memory loss in rats24,25.
The main objective of this study was to ascertain the
prophylactic and therapeutic potential of Zingeber of-
ficinale, Nigella sativa, Punica granatum, and Met-
formin in diabetes mellitus associated brain damage
and to discover cost effective treatment of the ailment.

MATERIALS ANDMETHODS
Plant materials
Seeds of Nigella sativa, Ginger (Zingiber officinale),
and Punica granatumwere acquired from the regional
market.

Preparation of Ginger ( Zingiber Officinale )
Extracts
Fresh ginger root was purchased from the local mar-
ket in RafhaMunicipal Council, Northern Border Re-
gion of Saudi Arabia. The roots were identified and
authenticated by the Department of Pharmacognosy,
in the Faculty of Pharmacy, Northern Border Univer-
sity, Rafha, Saudi Arabia.
Preparation was done according to the modified
method used by (Kebe et al., 2015)26. Cleaning of 2.5
kg of fresh ginger rhizome was done with running tap
water. It was shredded into small pieces and air dried

for 2 weeks, then crushed into powder formwith elec-
tric blender. 2000 g of this powdered Zingiber offici-
nale was soaked in 5000 ml of 99.9% ethanol and rat-
tled vigorously. It was left for 48 hours at room tem-
perature and was stirred at different times. The dis-
solved ginger in ethanol was filtered with a mesh with
small pores after 48 hours. Then, it was filtered using
No1 Whatmann paper (filter paper) and funnel. The
percolate was assembled in a tray andwas air dried for
5 days to ensure complete evaporation of the ethanol
used. The ginger paste was collected from the tray
with a spatula into a container and was weighed us-
ing an electric scale. 50g of ginger paste was collected
and then dissolved in extra virgin olive oil 100ml (to
serve as a vehicle). The extract was then kept in a dry
place at 37◦C.

Preparation of Black Seed (Nigella sativa) 
Extract
This method was adopted from Shahraki et al.27.
To obtain a hydroalcholic extract, powder was made
from 100 g of dried N. sativa seeds. After that, it
was macerated in a solution of 70% alcohol and 30%
DW for 72 hours. To prepare the fractions, 10 g of
the extract was mixed with 100 ml of ethanol and de-
canted by funnel. The n-hexane solvent was added
to the funnel, and the n-hexane fraction was then ex-
tracted. Then, the remaining solvent in the decanter
funnel was mixed with dichloromethane solvent, fol-
lowed by extraction of the dichloromethane fraction.
Finally, the remaining solvent from the previous steps
was mixed with ethyl acetate, and the ethyl acetate
fraction was taken out. The total extract, n-hexane
and ethyl acetate fractions were prepared after the re-
moval of the solvent.

Preparation of Punica granatum peels ex-
tract
The preparation was performed as done by Anibal et
al.28. Fresh fruit, separated into skin, coverings and
seeds, pericarp, and the whole fruit was submitted to
ethanolic extraction (70% ethanol) at 37◦C by macer-
ation. The extract was filtered, the solvents was elimi-
nated under vacuum and lyophilized to get the crude
extract. Crude extracts from all parts of the fruit were
monitored byThin Layer Chromatography.

Animals
50 adults Wistar albino male rats, of 8 weeks old and
weighing 250±10g, were obtained from the animal fa-
cility of faculty of pharmacy, Northern Border Uni-
versity. The experimental animals were kept in tem-
perature controlled rooms (25◦C), with uniform hu-
midity (40–70%) and 12h/light-12h/dark cycle before
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the experiment. All the animals were treated in con-
sensuswith the Principles of LaboratoryAnimal Care.
The research protocol approval was taken fromDean-
ship of Scientific Research at Northern Border Uni-
versity, in conformity with the guidelines for the care
and use of experimental animals.
All rats were fed a proper feed and aqua. The daily
intake of animalwaterwas checked once aweek before
beginning of treatments to determine the amount of
water needed per experimental rat.

Induction of diabetes with STZ

DMwas induced by a single intra-peritoneal injection
of STZ, (Sigma-Aldrich, St Louis, MO, USA) in 0.1
M citrate buffer (pH 4.0), 55 mg/kg body weight29.
Serum glucose concentration and alterations in body
weight were checked regularly. Male Wistar rats were
divided into ten groups, each group comprised of five
rats as follows:
G1: Control rats were given only 5cc saline (0.9%
NaCl).
G2: Control rats were given Zingeber officianale (gin-
ger) (100mg/kg/rat) daily).
G3: Control rats were givenNigella sativa (Black seed)
(80 mg/kg).
G4: Rats were given Punica granatum (Pomegranate)
400 mg/kg/day.
G5: Rats were given Metformin 150 mg/kg/day
G6: Diabetic control (55 mg/kg, single I/p injection
of STZ).
G7: Diabetic group (55 mg/kg, single I/p injection of
STZ) received 100mg/kg/day ginger.
G8: Diabetic group (55 mg/kg, single I/p injection of
STZ) received Nigella sativa 80 mg/kg/day.
G9: Diabetic group (55 mg/kg, single I/p injection of
STZ) received (Pomegranate) 400 mg/rat/day.
G10: Diabetic group (55 mg/kg, single I/p injection
of STZ) received Metformin 150 mg/kg/day.

Histological examination

Anesthetized rats were perfused trans-cardially
with normal saline and 4% paraformaldehyde in
phosphate-buffered solution. The brains of the
sacrificed animals were removed immediately and
post fixed in the same fixative at 4 ◦C, until being
sectioned on a cryostat (Leica, Germany). Coronal
brain sections of 10 µm measurement were obtained
and stored at -20 ◦C until used.
Assessment of neuronal damage in the cortex was
done with Nissl staining. Incubation of the brain sec-
tions was done with a 5% toluidine blue solution at

room temperature for fifteen minutes. The brain sec-
tions were dehydrated and mounted following rinses
water.
The axons and neutrophil, morphology and integrity
were assessed with Bielschowsky’s sliver (BS) staining.

Statistical Analysis
To analyze the data, Statistical Package for Social Sci-
ence (SPSS) version 20 was applied. The data were ex-
pressed as means +/- standard deviation (SD). Com-
parison of variables between groups were performed
using One Way ANOVA test (LSD). Statistical signif-
icance was considered at P-value≤ 0.05.

RESULTS
The body weight in G4 significantly decreased com-
pared to G1, G2, and G3 on the 1stday(142.83±16.36
versus 182.83±16.81, 176.50±20.34 and
174.50±5.68; P =0.001 for all groups), day 15th

(151.17±15.47 versus 183.00±21.23, 183.33±19.97
and 177.33±5.65; P =0.005, P =0.004 and P =0.019,
respectively) and on 28th day (158.33±15.24 versus
190.00±20.36, 195.50±16.53 and 183.83±9.62; P
=0.004, P =0.001 and P =0.018, respectively). Body
weight in G5 significantly increased compared
to G1, G2, G3 and G4 at 1st (205.33±6.98 versus
182.83±16.81, 176.50±20.34 174.50±5.68 and
142.83±16.36; P =0.011, P =0.001, P =0.001 and P
=0.001, respectively), on day 15th (209.00±12.82 ver-
sus 183.00±21.23, 183.33±19.97, 177.33±5.65 and
151.17±15.47; P =0.020, P =0.021, P =0.005 and P
=0.001, respectively) and on 28th day (218.00±16.46
versus 190.00±20.36, 195.50±16.53, 183.83±9.62
and 158.33±15.24; P =0.010, P =0.035, P =0.002
and P =0.001, respectively). In G6, on 1st day,
body weight significantly increased compared
to G4 (185.80±11.41 versus 142.83±16.36; P
=0.001), but significantly decreased compared to G5
(185.80±11.41 versus 205.33±6.98; P =0.035). While
on 15th day, BW significantly decreased compared to
G5 (166.60±15.53 versus 209.00±12.82, P =0.001);
on 28th day, BW significantly decreased compared to
G1, G2, G3 andG5 (142.5±8.54 versus 190.00±20.36,
195.50±16.53, 183.83±9.62 and 218.00±16.46; P =
0.001 for all).
In G7, on 1st day, BW significantly decreased
compared to G1, G2, G3, G5 and G6 (148.50±9.03
versus 182.83±16.81, 176.50±20.34, 174.50±5.68,
205.33±6.98, 185.80±11.41; P= 0.001. P =0.00. P
=0.004, P =0.001 and P =0.001) at 15th day, BW
significantly increased compared to G4 (181.67±9.07
versus 151.17±15.47; P =0.007) but significantly
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decreased compared to G5 (181.67±9.07 ver-
sus 209.00±12.82; P =0.014); on 28th day, BW
significantly increased compared to G4 and G6
(158.33±15.24 and 194.83±8.08 versus 142.5±8.54;
P =0.001 for both) but significantly decreased
compared to G5 (194.83±8.08 versus 218.00±16.46;
P =0.030). In G8, on 1st day BW significantly
increased than G4 and G7 (185.50±8.89 versus
142.83±16.36 and 148.50±9.03; P =0.001 for both)
but significantly decreased than G5 (185.50±8.89
versus 205.33±6.98; P =0.025); on 15th day, BW
significantly increased than G1-7 (247.33±31.19
versus 183.00±21.23, 183.33±19.97, 177.33±5.65,
151.17±15.47, 209.00±12.82, 166.60±15.53,
181.67±9.07; P =0.001 for all); on 28th day, BW
significantly increased than G1, G2, G3, G4, G5, G6,
and G7 (263.00±33.93 versus 190.00±20.36,
195.50±16.53, 183.83±9.62, 158.33±15.24,
218.00±16.46, 142.5±8.54, 194.83±8.08; P =0.001
for all).
In G9, on 1st day, BW significantly decreased
compared to G1, G5, G6 and G8 (160.50±28.31
versus 182.83±16.81, 205.33±6.98, 185.80±11.41,
185.50±8.89; P = 0.012, P =0.001, P =0.007 and P
=0.005); on 15th day, BW significantly increased
than G4 (175.83±28.58 versus 151.17±15.47;
P =0.026) but significantly decreased than G5
(175.83±28.58 versus 209.00±12.82; P =0.003); on
28 days, BW significantly increased than G4, G6
(195.33±25.56 versus 158.33±15.24 and 142.5±8.54;
P =0.001 for both) but significantly decreased than
G5 and G8 (195.33±25.56 versus 218.00±16.46
and 263.00±33.93; P =0.034 and P =0.001). In
G10, BW increased than G4 (173.50±6.80 versus
142.83±16.36; P =0.001) but significantly decreased
than G5and G7 173.50±6.80 versus 205.33±6.98 and
148.50±9.03; P =0.001 and P =0.005); on 15th day,
BW significantly increased than G4 (179.83±7.83
versus 151.17±15.47; P =0.010) but significantly
decreased than G5 and G8 (179.83±7.83 versus
209.00±12.82 and 247.33±31.19; P =0.009 and P
=0.001); on 28th day, BW significantly increased than
G4 and G6 (186.00±8.60 versus 158.33±15.24 and
142.5±8.54; P =0.011 and P =0.001) but significantly
decreased than G5 and G8 (186.00±8.60 versus
218.00±16.46 and 263.00±33.93; P =0.003 and P
=0.001)Figures 1, 2 and 3.
Blood glucose levels in G6 significantly in-
creased compared to G1, G2, G3, G4 and G5 on
1st (234.80±13.03 versus 130.17±6.46, 126.50±17.00,
116.33±9.05, 121.67±6.95, 122.83±7.33; P =0.001
for all), on 15th (237.20±12.72 versus 119.17±5.04,
124.83±5.27, 125.83±5.42, 124.33±4.03 and

122.67±9.37; P =0.001 for all) and on 28th day
(227.00±8.37 versus 125.17±3.76, 123.67±6.15,
122.67±2.80, 125.83±8.64 and 124.33±5.47; P
=0.001 for all). Blood glucose levels in G7 signifi-
cantly increased compared to G1, G2, G3, G4 and
G5 but significantly decreased compared to G6 on
1st (195.83±10.03 versus 130.17±6.46, 126.50±17.00,
116.33±9.05, 121.67±6.95, 122.83±7.33; P =0.001
for all and 195.83±10.03 versus 234.80±13.03;
P =0.001), on 15th day (157.00±8.00 ver-
sus 119.17±5.04, 124.83±5.27, 125.83±5.42,
124.33±4.03 and 122.67±9.37 and 157.00±8.00
versus 237.20±12.72; P =0.001) and on 28th day
(155.67±7.03 versus 125.17±3.76, 123.67±6.15,
122.67±2.80, 125.83±8.64 and 124.33±5.47; P
=0.001 for all; and 155.67±7.03 versus 227.00±8.37,
P =0.001).
Blood glucose levels in G8 significantly increased
compared to G1, G2, G3, G4 and G5 but significantly
decreased compared to G6 on 1stday (190.67±5.13
versus 130.17±6.46, 126.50±17.00, 116.33±9.05,
121.67±6.95, 122.83±7.33; P =0.001 for all and
190.67±5.13 versus 234.80±13.03; P =0.001), on 15th

day (156.40±6.88 versus 119.17±5.04, 124.83±5.27,
125.83±5.42, 124.33±4.03 and 122.67±9.37 and
156.40±6.88 versus 237.20±12.72; P =0.001) and
on 28th day 143.00±4.00 versus 125.17±3.76,
123.67±6.15, 122.67±2.80, 125.83±8.64 and
124.33±5.47; P =0.001 for all; and 143.00±4.00
versus 227.00±8.37, P =0.001) and significantly
decreased compared to G7 on 28th day (143.00±4.00
versus 155.67±7.03; P =0.009).
Blood glucose levels in G9, on 1st day significantly
increased compared to G1, G2, G3, G4, G5 and G8
(208.67±18.93 versus 130.17±6.46, 126.50±17.00,
116.33±9.05, 121.67±6.95, 122.83±7.33,
190.67±5.13; P =0.001, P =0.001, P =0.001, P =0.001,
P =0.001 and P =0.008, respectively) but significantly
decreased compared to G6 (208.67±18.93 versus
234.80±13.03; P =0.001), on 15th day (174.83±12.84
versus 119.17±5.04, 124.83±5.27, 125.83±5.42,
124.33±4.03, 122.67±9.37 and 156.40±6.88; P
=0.001 for all) but significantly decreased compared
to G6 (174.83±12.84 versus 237.20±12.72; P =0.001)
and 28th days blood glucose levels significantly
increased compared to G1, G2, G3, G4 and G5
(144.67±4.97 versus 125.17±3.76, 123.67±6.15,
122.67±2.80, 125.83±8.64 and 124.33±5.47; P
=0.001 for all) but significantly decreased compared
to G6 and G7 (144.67±4.97 versus 227.00±8.37 and
155.67±7.03; P =0.001 and P =0.017).
Blood glucose levels in G10, on 1st day signif-
icantly increased when compared to G1, G2,
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Figure 1: Comparison of the body weight (grams) in different studied groups at 1stday. Data are expressed
as mean± standard deviation. The body weight in G4 significantly decreased compared to G1, G2, and G3 on 1st

(142.83±16.36 versus 182.83±16.81, 176.50±20.34 and 174.50±5.68; P =0.001 for all the studied groups. Using
one-way analysis of variance test (least significant difference).

Figure 2: Comparison of the bodyweight (grams) in different studied groups at 15thday. Data are expressed
as mean ± standard deviation.The body weight in G4 significantly decreased compared to G1, G2, and G3 on
day 15th(151.17±15.47 versus 183.00±21.23, 183.33±19.97 and 177.33±5.65; P =0.005, P=0.004 and P =0.019,
respectively). Using one-way analysis of variance test (least significant difference).
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Figure 3: Comparison of the bodyweight (grams) in different studied groups at 28th day. Data are expressed
as mean ± standard deviation. In G6, on 28th day, BW significantly decreased compared to G1, G2, G3 and G5
(142.5±8.54 versus 190.00±20.36, 195.50±16.53, 183.83±9.62 and 218.00±16.46; P = 0.001 for all). Using one-
way analysis of variance test (least significant difference).

G3, G4, G5, G7 and G8 (209.17±10.26 ver-
sus 130.17±6.46, 126.50±17.00, 116.33±9.05,
121.67±6.95, 122.83±7.33, 195.83±10.03 and
190.67±5.13; P = 0.001, P =0.001, P =0.001, P
=0.001, P =0.001, P =0.046 and P =0.006) but
significantly decreased when compared to G6
(209.17±10.26 versus 234.80±13.03; P = 0.001);
on 15th day, blood glucose levels significantly
increased compared to G1, G2, G3, G4 and G5
(158.00±10.37 versus 119.17±5.04, 124.83±5.27,
125.83±5.42, 124.33±4.03, 122.67±9.37; P =0.001
for all) but significantly decreased compared to
G6 and G9 (158.00±10.37 versus; 237.20±12.72
and 174.83±12.84; P =0.001 for all); on 28th

day, blood glucose levels significantly decreased
compared to G6, G7, G8 and G9 (131.17±16.30
versus 227.00±8.37, 155.67±7.03, 143.00±4.00,
144.67±4.97; P= 0.001, P =0.001, P =0.015 and P
=0.004, respectively)Figures 4, 5 and 6.
The control group showed that most vital neurons
(cortical, hippocampal and cerebellar Purkinje cells)
have active large vesicular lightly stained nuclei figure
7. STZ inducedType 2 diabetic rat showed an increase
in dark degenerated neurons compared to cells with
highly active stained nuclei, the cortex and striatum
of the diabetic animalswere characterized by demyeli-
nation and axonal degradation (Figures 7 and 8).

In all the treated groups, brain tissue sections show
cerebral cortex with distinct gray and white mat-
ter areas. Cortex shows normal neuronal cells with
scattered glial cells and neutrophils in background
(Figure 9).

DISCUSSION
Diabetes mellitus type II is a common prevailing
metabolic disorder emerging as global health hazard
and it is associated with various complications such
as micro-angiopathy, nephropathy, retinopathy, and
neuropathy. Dating back to 1922, it has been noticed
that diabetes mellitus may even lead to central ner-
vous system disorder30.
Long-standing hyperglycemia DM affects the brain
and manifests anatomical, structural, neurophysio-
logical, and neuropsychological changes. Various
pathophysiological factors are found to be involved in
the development of the cerebral dysfunction in dia-
betes mellitus, such as the hypoglycemic bouts, cere-
brovascular changes, insulin’s role in the brain and
associated structures, and the mechanisms of hyper-
glycemia induced alterations31.
Diabetes mellitus type II is known to cause a decrease
in different areas of cognitive functioning. The risk of
cognitive dysfunction is higher for the patients, who
suffer from diabetes mellitus, prediabetes and from
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Figure 4: Comparison of the blood glucose (mg/dl) in different studied groups at 1stday. Data are expressed
asmean± standard deviation. Bloodglucose levels inG7 significantly remained increased thanG1, G2, G3, G4 and
G5butwere significantly decreased thanG6 at 1st (195.83±10.03 versus 130.17±6.46, 126.50±17.00, 116.33±9.05,
121.67±6.95, 122.83±7.33; P=0.001 for all and 195.83±10.03 versus 234.80±13.03; P =0.001). Using one-way
analysis of variance test (least significant difference).

metabolic syndrome, characterized by dyslipidemia,
central abdominal obesity and hyperglycemia 32,33.
Hyperglycemia decreases antioxidant levels and at the
same time, causes an increase in the production of free
radicals. These effects add to the deleterious effects
on tissues, facilitating the complications/tissue dam-
age inDM, leading to changes in the redox potential of
the cells with consequent activation of redox-sensitive
genes34.
Neurons are especially sensitive to oxidative stress,
and because of that, reactive oxygen species (ROS)
cause several neural degenerative processes in dia-
betes35–37.
In the current study, it was discovered that long-
standing hyperglycemia in rats causes significant
damage in different areas of the brain. Treatment
with different substances containing antioxidants pre-
vented the harmful effects of diabetesmellitus on neu-
rological tissues.
In the previous studies38–40, it has been found that
metformin prevents the brain damage by reducing ox-
idative stress. The results of our study are in line with
these studies, and significant prevention of the neu-
ronal tissue damage was found in all areas of the brain
of the animals.

Studies conducted by41–43 revealed that Nigella
sativa, which is rich in antioxidants, reduces neuro-
inflammatory damage and improves cognitive func-
tions. The results in this study are in conformity with
the previous studies regarding these findings.
The previous research suggests that ginger shows a
neuroprotective effect by speeding up the processes of
brain antioxidant defense anddown-regulating theN-
MDA levels to the normal range in diabetic rats44–46.
The current research results also verify the obser-
vations found in previous studies regarding the de-
crease, prevention and improvement by Ginger in the
damage caused by DM in the brain.
In previous studies, Pomegranate (Punica granatum),
has been found to be effective in reducing oxidative
stress and damage caused by oxidative stress. It has
also been found effective in reducing the blood glu-
cose levels47–49. In the current study, it was found
to possess neuro-protective effects. The results of the
current study show promising preventive and repair-
ing effects of brain damage caused by DM.

CONCLUSION
DM is notorious to cause irreversible complications
including peripheral neuropathy and brain dam-
age, leading to the early occurrence of dementia
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Figure 5: Comparison of the blood glucose (mg/dl) in different studied groups at15th day. Data are ex-
pressed as mean± standard deviation. Blood glucose levels in G8 were significantly increased than G1, G2, G3,
G4 and G5 but were significantly decreased than G6 on 15thday (156.40±6.88 versus 119.17±5.04, 124.83±5.27,
125.83±5.42, 124.33±4.03 and 122.67±9.37 and 156.40±6.88 versus 237.20±12.72; P =0.001). Using one-way
analysis of variance test (least significant difference).

Figure6: Comparisonof thebloodglucose (mg/dl) indifferent studiedgroupsat28thday. Data are expressed
as mean ± standard deviation. Blood glucose levels inG10, on 28th day, significantly decreased than G6, G7, G8
and G9 (131.17±16.30 versus 227.00±8.37, 155.67±7.03, 143.00±4.00, 144.67±4.97; P=0.001, P =0.001, P =0.015
and P =0.004, respectively). Using one-way analysis of variance test (least significant difference).
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Figure 7: Examination of sections from different regions of control rat brain showing the most vital neu-
rons (cortical, hippocampal and cerebellar Purkinje cells) have active large vesicular lightly stained nuclei
(arrows). H&E stain, Magnification 100&400.

Figure8: Examination sections fromdifferent regionsof STZ-type2diabetic rat indicatesdarkdegenerated
neurons dark degenerated neurons compared to cells with highly active stained nuclei, (black arrows) the
cortex and striatum of the diabetic animals are characterized by demyelination and axonal degradation
figure (dotted arrows). H&E stain magnification 100&400
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Figure 9: Examination sections of brain after treatment of diabetes in groups with different substances, it
shows normal neuronal cells with scattered glial cells and neutrophils in the background. H&E stain, magni-
fication 100&400

(Alzheimer’s disease). The substances used in the
study, including Metformin, Nigella sativa, Ginger
and Punica granatum, effectively prevented the brain
damage and repaired the damaged neurons. These
substances can be used as adjuvant therapy to pre-
vent DM related complications. It is highly suggested
that the active ingredients of these substances should
be studied for their effects on oxidative stress pa-
rameters, and composition to pinpoint exact neuro-
protective mechanism.

COMPETING INTERESTS
Theauthors declare that there is no conflict of interest.

AUTHORS’ CONTRIBUTIONS
Author 1 responsible for research /experimental de-
sign, histopathological study and interpretation of re-
sults. Author 2 responsible for literature review, com-
pilation of results.

ACKNOWLEDGMENTS
The author wishes to acknowledge the approval and
the support of this research study by the grant
No (7267-PHM-2017-1-8-F) from the Deanship of
Scientific Research in Northern Border University
(N.B.U.), Arar, KSA.

REFERENCES
1. AlAAK,NishaS. Risk FactorsAssociatedwithDiabete sMellitus

in a Saudi Community: A Cross-Sectional Study. Prim Health
Care. 2017;7(270):2167–1079.

2. Biessels GJ, Gispen WH. The impact of diabetes on cognition:
what can be learned from rodent models? Neurobiol Aging.
2005;26(1):36–41. PMID: 16223548. Available from: 10.1016/j.
neurobiolaging.2005.08.015.

3. Kahn SE, Cooper ME, Prato SD. Pathophysiology and
treatment of type 2 diabetes: perspectives on the past,
present, and future. Lancet. 2014;383(9922):1068–83. PMID:
24315620. Available from: 10.1016/S0140-6736(13)62154-6.

4. Association AD. Diagnosis and classification of diabetesmelli-
tus. Diabetes Care. 2014;37:81–90. PMID: 24357215. Available
from: 10.2337/dc14-S081.

5. Tomlinson DR, Gardiner NJ. Glucose neurotoxicity. Nat Rev
Neurosci. 2008;9(1):36–45. PMID: 18094705. Available from:
10.1038/nrn2294.

6. Moheet A, Mangia S, Seaquist ER. Impact of diabetes on
cognitive function and brain structure. Ann N Y Acad Sci.
2015;1353(1):60–71. PMID: 26132277. Available from: 10.
1111/nyas.12807.

7. Munshi MN. Cognitive dysfunction in older adults with di-
abetes: what a clinician needs to know. Diabetes Care.
2017;40(4):461–7. PMID: 28325796. Available from: 10.2337/
dc16-1229.

8. Magariños AM, McEwen BS. Experimental diabetes in rats
causes hippocampal dendritic and synaptic reorganization
and increased glucocorticoid reactivity to stress. Proc Natl
Acad Sci USA. 2000;97(20):11056–61. PMID: 11005876. Avail-
able from: 10.1073/pnas.97.20.11056.

9. vanElderenSG,deRoosA, deCraenAJ,WestendorpRG, Blauw
GJ, Jukema JW, et al. Progression of brain atrophy and cogni-
tive decline in diabetes mellitus: a 3-year follow-up. Neurol-
ogy. 2010;75(11):997–1002. PMID: 20837967. Available from:
10.1212/WNL.0b013e3181f25f06.

10. Moran C, Phan TG, Chen J, Blizzard L, Beare R, Venn A, et al.
Brain atrophy in type 2 diabetes: regional distribution and
influence on cognition. Diabetes Care. 2013;36(12):4036–42.
PMID: 23939539. Available from: 10.2337/dc13-0143.

11. Ceriello A. New insights on oxidative stress and diabetic com-
plications may lead to a causal antioxidant therapy. Diabetes
Care. 2003;26(5):1589–96. PMID: 12716823. Available from:
10.2337/diacare.26.5.1589.

12. Oswald MC, Garnham N, Sweeney ST, Landgraf M. Regula-
tion of neuronal development and function by ROS. FEBS
Lett. 2018;592(5):679–91. PMID: 29323696. Available from:
10.1002/1873-3468.12972.

13. Sen N, Kar Y, Tekeli Y. Antioxidant activities of black cumin
(Nigella sativa L.) seeds cultivating in different regions of
Turkey. J Food Biochem. 2010;34:105–19. Available from:
10.1111/j.1745-4514.2009.00309.x.

14. Sangi SM, SulaimanMI, El-WahabMF, Ahmedani EI, Ali SS. An-
tihyperglycemic effect of thymoquinone and oleuropein, on
streptozotocin-induced diabetesmellitus in experimental an-
imals. PharmacognMag. 2015;11(44):251–7. PMID: 26664013.
Available from: 10.4103/0973-1296.166017.

15. El-Akabawy G, El-KholyW. Neuroprotective effect of ginger in
the brain of streptozotocin-induced diabetic rats. Ann Anat.
2014;196(2-3):119–28. PMID: 24680376. Available from: 10.
1016/j.aanat.2014.01.003.

16. Karam A, Nadia A, Abd EF, Nemat A, Siham MA. Protective ef-
fect of ginger (Zingiber officinale) on Alzheimer’s disease in-
duced in rats. J Neuroinfect Dis. 2014;5(159):2.

3283

https://www.ncbi.nlm.nih.gov/pubmed/16223548
10.1016/j.neurobiolaging.2005.08.015
10.1016/j.neurobiolaging.2005.08.015
https://www.ncbi.nlm.nih.gov/pubmed/24315620
10.1016/S0140-6736(13)62154-6
https://www.ncbi.nlm.nih.gov/pubmed/24357215
10.2337/dc14-S081
https://www.ncbi.nlm.nih.gov/pubmed/18094705
10.1038/nrn2294
https://www.ncbi.nlm.nih.gov/pubmed/26132277
10.1111/nyas.12807
10.1111/nyas.12807
https://www.ncbi.nlm.nih.gov/pubmed/28325796
10.2337/dc16-1229
10.2337/dc16-1229
https://www.ncbi.nlm.nih.gov/pubmed/11005876
10.1073/pnas.97.20.11056
https://www.ncbi.nlm.nih.gov/pubmed/20837967
10.1212/WNL.0b013e3181f25f06
https://www.ncbi.nlm.nih.gov/pubmed/23939539
10.2337/dc13-0143
https://www.ncbi.nlm.nih.gov/pubmed/12716823
10.2337/diacare.26.5.1589
https://www.ncbi.nlm.nih.gov/pubmed/29323696
10.1002/1873-3468.12972
10.1111/j.1745-4514.2009.00309.x
https://www.ncbi.nlm.nih.gov/pubmed/26664013
10.4103/0973-1296.166017
https://www.ncbi.nlm.nih.gov/pubmed/24680376
10.1016/j.aanat.2014.01.003
10.1016/j.aanat.2014.01.003


Biomedical Research and Therapy, 7(6):3274-3285

17. Kota N, Krishna P, Polasa K. Alterations in antioxidant status
of rats following intake of ginger through diet. Food Chem.
2008;106(3):991–6. Available from: 10.1016/j.foodchem.2007.
07.073.

18. Kaur G, Jabbar Z, Athar M, Alam MS. Punica granatum
(pomegranate) flower extract possesses potent antioxidant
activity andabrogates Fe-NTA inducedhepatotoxicity inmice.
Food Chem Toxicol. 2006;44(7):984–93. PMID: 16426722.
Available from: 10.1016/j.fct.2005.12.001.

19. Afaq F, Saleem M, Krueger CG, Reed JD, Mukhtar H.
Anthocyanin- and hydrolyzable tannin-rich pomegranate
fruit extract modulates MAPK and NF-kappaB pathways
and inhibits skin tumorigenesis in CD-1 mice. Int J Cancer.
2005;113(3):423–33. PMID: 15455341. Available from:
10.1002/ijc.20587.

20. Prashanth D, AshaMK, Amit A. Antibacterial activity of Punica
granatum. Fitoterapia. 2001;72(2):171–3. PMID: 11223228.
Available from: 10.1016/S0367-326X(00)00270-7.

21. Cambay Z, Baydas G, Tuzcu M, Bal R. Pomegranate (Punica
granatum L.) flower improves learning and memory perfor-
mances impaired by diabetes mellitus in rats. Acta Physiol
Hung. 2011;98(4):409–20. PMID: 22173022. Available from:
10.1556/APhysiol.98.2011.4.4.

22. Middha SK, Usha T, RaviKiran T. RaviKiran T. Influence of
Punica granatum L. on region specific responses in rat brain
during Alloxan-Induced diabetes. Asian Pac J Trop Biomed.
2012;2(2):905–9. Available from: 10.1016/S2221-1691(12)
60334-7.

23. AbdelsaidM, Prakash R, Li W, CouchaM, Hafez S, JohnsonMH,
et al. Metformin treatment in the period after stroke prevents
nitrative stress and restores angiogenic signaling in the brain
in diabetes. Diabetes. 2015;64(5):1804–17. PMID: 25524911.
Available from: 10.2337/db14-1423.

24. Oliveira WH, Nunes AK, França ME, Santos LA, Lós DB, Rocha
SW, et al. Effects of metformin on inflammation and short-
term memory in streptozotocin-induced diabetic mice. Brain
Res. 2016;1644:149–60. PMID: 27174003. Available from: 10.
1016/j.brainres.2016.05.013.

25. Mousavi SM, Niazmand S, Hosseini M, Hassanzadeh Z,
Sadeghnia HR, Vafaee F, et al. Beneficial effects of Teucrium
polium and metformin on diabetes-induced memory impair-
ments andbrain tissue oxidative damage in rats. International
Journal of Alzheimer’s Disease. 2015;2015.

26. Kebe EO, Ede PO, Isaac VN, Obasee PP. Ethanolic Extract
of Ginger on the Histology of the Pancrease in Adult Wistar
Rats. International Journal ofMedical andHealth Sciences Re-
search. 2015;2(2):25–35. Available from: 10.18488/journal.9/
2015.2.2/9.2.25.35.

27. Shahraki S, Khajavirad A, Shafei MN, Mahmoudi M, Tabasi NS.
Effect of total hydroalcholic extract of Nigella sativa and its
n-hexane and ethyl acetate fractions on ACHN and GP-293
cell lines. J Tradit Complement Med. 2015;6(1):89–96. PMID:
26870685. Available from: 10.1016/j.jtcme.2014.11.018.

28. Anibal PC, Peixoto IT, Foglio MA, Höfling JF. Antifungal activ-
ity of the ethanolic extracts of Punica granatum L. and eval-
uation of the morphological and structural modifications of
its compounds upon the cells of Candida spp. Braz J Micro-
biol. 2013;44(3):839–48. PMID: 24516425. Available from:
10.1590/S1517-83822013005000060.

29. Mahesh T, Menon VP. Quercetin allievates oxidative stress
in streptozotocin-induced diabetic rats. Phytother Res.
2004;18(2):123–7. PMID: 15022163. Available from: 10.1002/
ptr.1374.

30. Miles WR, Root HF. Psychologic tests applied to diabetic pa-
tients. Arch Intern Med (Chic). 1922;30(6):767–77. Available
from: 10.1001/archinte.1922.00110120086003.

31. BrandsMW, Bell TD, Gibson B. Nitric oxidemay prevent hyper-
tension early in diabetes by counteracting renal actions of su-
peroxide. Hypertension. 2004;43(1):57–63. PMID: 14656952.
Available from: 10.1161/01.HYP.0000104524.25807.EE.

32. Feinkohl I, Price JF, Strachan MW, Frier BM. The impact of dia-
betes on cognitive decline: potential vascular, metabolic, and

psychosocial risk factors. Alzheimers Res Ther. 2015;7(1):46.
PMID: 26060511. Available from: 10.1186/s13195-015-0130-5.

33. Tamaddonfard E, Farshid AA, Asri-Rezaee S, Javadi S, Khosravi
V, Rahman B, et al. Crocin improved learning andmemory im-
pairments in streptozotocin-induced diabetic rats. Iran J Basic
Med Sci. 2013;16(1):91–100. PMID: 23638297.

34. Bonnefont-Rousselot D. Glucose and reactive oxygen species.
Curr Opin Clin Nutr Metab Care. 2002;5(5):561–8. PMID:
12172481. Available from: 10.1097/00075197-200209000-
00016.

35. Jackson GR, Werrbach-Perez K, Pan Z, Sampath D, Perez-Polo
JR. Neurotrophin regulation of energy homeostasis in the
central nervous system. Dev Neurosci. 1994;16(5-6):285–90.
PMID: 7768207. Available from: 10.1159/000112121.

36. Dugan LL, Sensi SL, Canzoniero LM,Handran SD, Rothman SM,
Lin TS, et al. Mitochondrial production of reactive oxygen
species in cortical neurons following exposure toN-methyl-D-
aspartate. J Neurosci. 1995;15(10):6377–88. PMID: 7472402.
Available from: 10.1523/JNEUROSCI.15-10-06377.1995.

37. Yuan J, Yankner BA. Apoptosis in the nervous system. Nature.
2000;407(6805):802–9. PMID: 11048732. Available from: 10.
1038/35037739.

38. Patil SP, Jain PD, Ghumatkar PJ, Tambe R, Sathaye S. Neuro-
protective effect of metformin in MPTP-induced Parkinson’s
disease in mice. Neuroscience. 2014;277:747–54. PMID:
25108167. Available from: 10.1016/j.neuroscience.2014.07.
046.

39. Tang G, Yang H, Chen J, Shi M, Ge L, Ge X, et al. Metformin
ameliorates sepsis-induced brain injury by inhibiting apopto-
sis, oxidative stress and neuroinflammation via the PI3K/Akt
signaling pathway. Oncotarget. 2017;8(58):97977–89. PMID:
29228667. Available from: 10.18632/oncotarget.20105.

40. Akinola O, Gabriel M, Suleiman AA, Olorunsogbon F. Treat-
ment of alloxan-induceddiabetic ratswithmetformin or glita-
zones is associated with amelioration of hyperglycaemia and
neuroprotection. Open Diabetes J. 2012;5(1):8–12. Available
from: 10.2174/1876524601205010008.

41. Sheikh T, Joshi D, Patel B, Modi C. Protective role of Nigella
sativa against experimentally induced type-II diabetic nuclear
damage in Wistar rats. Vet World. 2013;6(9):698–702. Avail-
able from: 10.14202/vetworld.2013.698-702.

42. Farkhondeh T, Samarghandian S, Shahri AM, Samini F. The
neuroprotective effects of thymoquinone: A review. Dose
Response. 2018;16(2):1559325818761455. PMID: 29662431.
Available from: 10.1177/1559325818761455.

43. Khazdair MR. The protective effects of Nigella sativa and its
constituents on induced neurotoxicity. Journal of toxicology.
2015;2015.

44. Shanmugam KR, Mallikarjuna K, Kesireddy N, Reddy KS. Neu-
roprotective effect of ginger on anti-oxidant enzymes in
streptozotocin-induced diabetic rats. Food Chem Toxicol.
2011;49(4):893–7. PMID: 21184796. Available from: 10.1016/j.
fct.2010.12.013.

45. Wattanathorn J, Jittiwat J, Tongun T, Muchimapura S, Ingkan-
inan K. Zingiber officinale mitigates brain damage and im-
proves memory impairment in focal cerebral ischemic rat.
Evidence-Based Complementary and Alternative Medicine.
2011;2011.

46. Sangi SM, Elwahab MF. Experimental evaluations of the
nephroprotective properties of ginger (Zingiber officinale),
Cinnamomum verum and Nigella sativa in STZ induced dia-
betic rats. International Journal of Biology, Pharmacy and Al-
lied Sciences. 2017;6(6):1195–1209.

47. Cambay Z, Baydas G, Tuzcu M, Bal R. Pomegranate (Punica
granatum L.) flower improves learning and memory perfor-
mances impaired by diabetes mellitus in rats. Acta Physiol
Hung. 2011;98(4):409–20. PMID: 22173022. Available from:
10.1556/APhysiol.98.2011.4.4.

48. Mollazadeh H, Sadeghnia HR, Hoseini A, Farzadnia M,
Boroushaki MT. Effects of pomegranate seed oil on oxidative
stress markers, serum biochemical parameters and patholog-

3284

10.1016/j.foodchem.2007.07.073
10.1016/j.foodchem.2007.07.073
https://www.ncbi.nlm.nih.gov/pubmed/16426722
10.1016/j.fct.2005.12.001
https://www.ncbi.nlm.nih.gov/pubmed/15455341
10.1002/ijc.20587
https://www.ncbi.nlm.nih.gov/pubmed/11223228
10.1016/S0367-326X(00)00270-7
https://www.ncbi.nlm.nih.gov/pubmed/22173022
10.1556/APhysiol.98.2011.4.4
10.1016/S2221-1691(12)60334-7
10.1016/S2221-1691(12)60334-7
https://www.ncbi.nlm.nih.gov/pubmed/25524911
10.2337/db14-1423
https://www.ncbi.nlm.nih.gov/pubmed/27174003
10.1016/j.brainres.2016.05.013
10.1016/j.brainres.2016.05.013
10.18488/journal.9/2015.2.2/9.2.25.35
10.18488/journal.9/2015.2.2/9.2.25.35
https://www.ncbi.nlm.nih.gov/pubmed/26870685
10.1016/j.jtcme.2014.11.018
https://www.ncbi.nlm.nih.gov/pubmed/24516425
10.1590/S1517-83822013005000060
https://www.ncbi.nlm.nih.gov/pubmed/15022163
10.1002/ptr.1374
10.1002/ptr.1374
10.1001/archinte.1922.00110120086003
https://www.ncbi.nlm.nih.gov/pubmed/14656952
10.1161/01.HYP.0000104524.25807.EE
https://www.ncbi.nlm.nih.gov/pubmed/26060511
10.1186/s13195-015-0130-5
https://www.ncbi.nlm.nih.gov/pubmed/23638297
https://www.ncbi.nlm.nih.gov/pubmed/12172481
10.1097/00075197-200209000-00016
10.1097/00075197-200209000-00016
https://www.ncbi.nlm.nih.gov/pubmed/7768207
10.1159/000112121
https://www.ncbi.nlm.nih.gov/pubmed/7472402
10.1523/JNEUROSCI.15-10-06377.1995
https://www.ncbi.nlm.nih.gov/pubmed/11048732
10.1038/35037739
10.1038/35037739
https://www.ncbi.nlm.nih.gov/pubmed/25108167
10.1016/j.neuroscience.2014.07.046
10.1016/j.neuroscience.2014.07.046
https://www.ncbi.nlm.nih.gov/pubmed/29228667
10.18632/oncotarget.20105
10.2174/1876524601205010008
10.14202/vetworld.2013.698-702
https://www.ncbi.nlm.nih.gov/pubmed/29662431
10.1177/1559325818761455
https://www.ncbi.nlm.nih.gov/pubmed/21184796
10.1016/j.fct.2010.12.013
10.1016/j.fct.2010.12.013
https://www.ncbi.nlm.nih.gov/pubmed/22173022
10.1556/APhysiol.98.2011.4.4


Biomedical Research and Therapy, 7(6):3274-3285

ical findings in kidney and heart of streptozotocin-induced
diabetic rats. Ren Fail. 2016;38(8):1256–66. PMID: 27453190.
Available from: 10.1080/0886022X.2016.1207053.

49. Aboonabi A, Rahmat A, Othman F. Antioxidant effect
of pomegranate against streptozotocin-nicotinamide gener-

ated oxidative stress induced diabetic rats. Toxicol Rep.
2014;1:915–22. PMID: 28962304. Available from: 10.1016/j.
toxrep.2014.10.022.

3285

https://www.ncbi.nlm.nih.gov/pubmed/27453190
10.1080/0886022X.2016.1207053
https://www.ncbi.nlm.nih.gov/pubmed/28962304
10.1016/j.toxrep.2014.10.022
10.1016/j.toxrep.2014.10.022

	Prevention and treatment of brain damage in streptozotocin induced diabetic rats with Metformin, Nigella sativa, Zingiber officinale, and Punica granatum
	Introduction
	Materials and Methods
	Plant materials
	Preparation of Ginger ( Zingiber Officinale ) Extracts
	Preparation of Black Seed ( Nigella sativa)  Extract
	Preparation of Punica granatum peels  extract
	Animals
	Induction of diabetes with STZ
	Histological examination
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Competing Interests
	Authors' Contributions
	Acknowledgments
	References




