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Abstract

Background: Cerebral ischemia and reperfusion (I/R) is a pathological condition that arises by reduction or cessation in cerebral blood
flow and return of oxygen and metabolites to brain cells, which cause oxidative damage.

Objectives: The aim of this study was to investigate the neuroprotective effects of Withania coagulans (WC) extract on brain cortex in a rat
model of IR.

Materials and Methods: Thirty-two adult male Wistar rats weighing 280 -300 g were used in this study. Animals were randomly divided
to four groups (n = 8) as follow: sham operated group (I), I|R group (II), WCE500 + I/R (IIl) and WCE1000 + I/R groups (IV). Pretreatment
with WC extract (500, 1000 mg/kg) was done by oral gavage for 30 days and global brain ischemia was induced by the common carotid
occlusion for 30 minutes. After 72 hours, the animals were perfused transcardially and then the brains were prepared for histological study
(H&E and TUNEL staining).

Results: The I/R group showed a significant increase in pycnotic (dying) neurons and pretreatment with WC at doses of 500 mg/kg and
1000 mg/kg significantly reduced pycnotic and TUNEL positive neurons, in a dose dependent manner in ischemic brain cortex.
Conclusions: Our findings indicated that WC has neuroprotective effects and is able to reduce histopathological alterations and apoptosis

in brain cortex I/Rin rats.
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1. Background

Brain stroke is a pathological condition, which leads
to disability or mortality in human beings (1). It is
caused by cessation or reduction of blood flow in parts
or the entire brain that cause oxygen and glucose de-
privation of cerebral tissue (2). Initiation of perfusion
due to free radical production, promotes tissue dam-
age, inflammation and apoptosis (3). Nowadays, neu-
roprotective strategies to prevent, inhibit or dimin-
ish brain ischemia complications are concentrated in
neuroscience investigations. Many natural product
derivatives of plants possess antioxidant and anti-
inflammatory effects and are used for treatment of
neurological disorders like parkinson, alzheimer and
brain ischemia (4-6). Withania coagulans (WC) belongs
to the Solanaceae family; also known as “paneerbad”,
it has been used in traditional medicine in Iran (7). In
vivo and in vitro studies have demonstrated that WC

extract has anti-inflammatory, antioxidant and neuro-
protective effects (8).

Withanolides are categories of alkaloids, which are the
most bioactive constitutes of WC.The major withanolides
in WC are withaferin A and withanolide A (8).

Withania and withanolides have been shown to act as
potent inhibitors of pro-inflammatory transcription fac-
tors like nuclear factor-kappa B (NF«B) (9).

Wube et al. showed the inhibitory effect of WC on cy-
clooxygenase-2 (COX-2) (10). Also it has been reported
that withanolides from WC have neuroprotective ef-
fects in alzheimer’s disease and its associated problems
(11, 12). Mohanty et al. demonstrated that withania has
protective effects against myocardial ischemia-reperfu-
sion injury (13). Jain et al. studied neuroprotective and
antiapoptotic effects of withania in hippocampus of
stressed rats (14).
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2. Objectives

In the present study we investigated the protective role
of extracts of WC in preventing apoptosis and histopath-
ological alterations in rat’s brain cortex following isch-
emia and reperfusion (I/R).

3. Materials and Methods

Roots of WC plant were collected in May 2014 from the
herbarium center of Sistan and Baluchestan university.
The shade dried and ground roots of WC were extracted
with a mixture of distilled water and ethanol (1:3, v/v) for
24 hours at room temperature. After filtration, the sol-
vent was dried by rotary evaporation and the resulting
crude extracts were stored at -20°C.

3.1. Animals

A total of 32 adult male Wistar rats (280 - 300 g) sup-
plied by the laboratory animal research center of Za-
hedan University of Medical Sciences were used. The
rats were kept in standard cages at a temperature of
22°C, humidity (40% - 60%), and light period-controlled
(07.00 - 19.00 hours) environment with free access to
food and water. Experimental procedures were con-
firmed by the ethics committee of Zahedan University
of Medical Sciences and national institute of health
(NIH) guide-lines for the care and use of laboratory ani-
mals (EC/93-8613). The animals were randomly divided
to four groups (n = 8) and received vehicle or extract by
oral gavage for 30 days:

Sham: received distilled water and surgical process
without bilateral common carotid occlusion (BCCO).

Ischemia/reperfusion (I/R): received distilled water and
BCCO.

I/R+ WC500: received WC extract 500 mg/kg and BCCO.

IR + WC1000: received WC extract 1000 mg/kg and
BCCO.

Two hours after the last dose of the administration of
the extract or vehicle, ischemia was induced by bilat-
eral common carotid artery occlusion for 30 minutes
(15) under anesthesia with an intraperitoneal injec-
tion of ketamine (80 mg/kg) and xylazine (8 mg/kg)
mixture.

Seventy-two hours after ischemia, the animals were
deeply anesthetized and transcardially perfused with
paraformaldehyde (4%) in phosphate buffered saline
(PBS). Next, brains were removed and post-fixed in the
same fixator, overnight. After dehydration in graded con-
centration of ethanol, tissues were embedded in paraffin
and then cutinto 5-um thick serial sections. A histopatho-
logical study was done on the sections stained with he-
matoxylin and eosin (H & E).

To detect apoptotic cell death, sections were pro-
cessed for terminal deoxynucleotidyl transferase (TdT)-

mediated dUTP nick end-labeling (TUNEL) staining us-
ing an in situ cell death detection kit (Roche Molecular
Biochemicals kit, Germany). Briefly, tissue sections
were deparaffinised and treated with proteinase K so-
lution. To block endogenous peroxidase activity, tissue
sections were incubated in 3% H,0, for ten minutes,
re-incubated in TUNEL reaction buffer for ten minutes,
then incubated in TUNEL reaction mixture for one
hour at 37- 40°C. Finally, sections were incubated with
diaminobanzidine (DAB) substrate for one to two min-
utes to visualize apoptotic cells and counterstained
with hematoxylin for 30 seconds. Apoptotic cells were
observed under a light microscope with 400X magni-
fication (Olympus, Hamburg, Germany). Four micro-
scopic fields at 400X in five sections in each animal
were captured and the numbers of pycnotic neurons
in hematoxylin and eosin and apoptotic neurons in TU-
NEL staining were counted. Cell counts from the cortex
on each of the five sections were averaged to provide
the mean value (16).

3.2. Statistical Analysis

All Data were presented as means * standard error of
the mean (SEM). One way analysis of variance (ANOVA)
and Tukey post hoc test was used for analysis of data be-
tween different groups. P values of < 0.05 were consid-
ered significant.

4. Results

4.1. Histological Assessment

The histopathological results of the H & E staining
are shown in Figure 1. As shown by Figure 1A, no his-
topathological abnormalities were observed in the
sham group. In contrast, in the I/R group, perivascular
edema was observed and most neurons were observed
as shrunken with triangulated pycnotic nucleus, and
wided perinuclear space (12.5 £ 0.56) (Figure 1B). In
both pretreatment groups with WC, the pycnotic neu-
rons in brain cortex markedly decreased (Figure 1C and
Figure 1D) (P < 0.001). The number of these neurons in
the pretreatment group with a dose of 1000 mg/kg was
less (5.25 £ 0.36) than the 500 mg/kg dose (8.62 £ 0.36)
(Figure 1E).

The TUNEL staining results are shown in Figure 2 ; TU-
NEL-positive neurons were very rarely detected in the
sham group (Figure 2A). The number of apoptotic neu-
rons remarkedly increased in the I/R group (17.8 + 0.71)
compared to the sham group (1+ 0.16) (Figure 2B,2E ). Fur-
thermore, TUNEL-positive cells in the WC1000 mg/kg pre-
treated group was significantly lower (11 + 1.3) than that
of the WC 500 mg/kg (14.25 + 0.95) compared to I/R group
(P<0.001) (2C-E).
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Figure 1. Effects of Withania coagulans Extract (WCE) on Ischemia/Reperfusion in the Brain Cortex of Different Groups
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Figure 2. Effects of Withania coagulans Extract (WCE) on Ischemia-Induced Apoptosis in the Brain Cortex of Different Groups
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number of counted TUNEL positive neurons. All values are mean + SEM. * (P < 0.001) compare to sham, ** (P < 0.05) compare to I/R group, # (P < 0.001)
compare to the I|R group.
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5. Discussion

The results of the present study show that the WC ex-
tract reduced histopathological changes in the brain cor-
tex of the rat model of I/R. Furthermore, we found that
pretreatment with WC extract can decrease apoptotic
neurons after I/R. After reperfusion ischemia, production
of free radicals in tissue increases, which leads to tissue
damages and cell death (17).

Despite numerous defense mechanisms, the brain tis-
sue is very sensitive to oxidative damages caused by I/R.
Ischemia-induced histopathological alterations in the
brain are prominent in the cortex, hippocampus and
striatum regions (18). According to the report of Margari-
tescu et al. dark basophilic and shrunken nucleus with
eosinophilic cytoplasm is the earliest signs of neuronal
injury in the brain cortex (19).

In line with our results, Sarshoori et al. also showed that
pycnotic neurons increased in the brain cortex after 24
hours of IR (16). Some studies have shown that natural
products of plant origin can prevent neuronal cell death
(4,20, 21). Withania coagulans has many properties, such as
anti-inflammatory, antiapoptotic and neuroregeneration
effects (8). Accumulating experimental evidence showed
that withanolides of WC had antioxidant properties (22).
Prasad etal. showed that WC extracts increased catalase and
superoxide dismutase enzymes in diabetic rats (23). Anoth-
er study showed that treatment with WC extract increases
total antioxidant capacity (TAC) and decreases malondial-
dehyde (MDA) in benign prostatic hyperplasia in rats (24)
According to previous studies, antioxidant therapy can at-
tenuate side effects of ischemia reperfusion (25-27).

The results of our study showed that WC extract admin-
istration before ischemia was able to reduce the pycnotic
nucleus and widened the perinuclear space in the pari-
etal brain cortex, which is in agreement with the findings
of Budhiraja et al. that showed cytoprotective effects of
WC extract against CCL4-induced hepatotoxicity in rats
(28). Another study showed that pretreatment with with-
ania at a dose of 1000 mg/kg significantly improved the
neurological deficit in rats (12).

The results of our study are in agreement with previous
studies, which indicated that WC extract at a dose of 1000
mg/kg for 30 days leads to improved histopathological
outcomes (12, 27).

Several studies indicated that, withaferin A purified
from WC had an anti-inflammatory effect and could re-
duce tumor necrosis factor-alpha (TNF-a) and inhibit NF-
kB activity (29, 30).

Evidences have shown that proinflammatory cytokines
such as TNF-o have important roles in the pathogenesis of
ischemic brain damage (31).

Experimental evidences suggest that attenuation of in-
flammation may reduce the progression of ischemia-in-
duced brain damage (32, 33). In the present study, the ben-
eficial effect of WC may be because of anti-inflammatory
effects and the ameliorating of free radicals by improved
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anti-oxidant defense. We also showed that pretreatment
with WC decreased TUNEL-positive cells in the brain cortex.
Mohanty et al. also stated that WC extract pretreatment
protected myocardial cells from apoptotic death in myo-
cardial reperfusion. They proposed that this process could
be exerted via upregulation of the expression of Bcl-2 and
down-regulation of the expression of Bax (13).

In another study it was shown that WC extract with
inhibition of excessive influx of Ca?* in neuronal cells
could protect them from apoptosis (34). We showed, in
our previous study, that TUNEL-positive cells were mark-
edly reduced in the hippocampal CAl region of ischemic
rats when pretreated with WC extract (27). These findings
reveal the protective actions of WC extract against isch-
emia-induced apoptosis and cell injury.

The results of our study showed that the Withania coag-
ulans extract significantly attenuates ischemia/reperfu-
sion-induced brain cortex apoptosis and histopathologi-
cal alterations.
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