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Objective(s): The study was intended to investigate the combined influence of two neuroprotective
agents pramipexole and n-acetylcysteine on global cerebral ischemic reperfusion injury (GCIRI)
model in rats.

Materials and Methods: GCIRI was induced by bilateral common carotid artery ligation (BCCA) in rats.
Animals were divided into six groups. Groups I, I, and III received saline intraperitoneally (IP) (5 ml/kg/
day, 0.9 % saline). The remaining groups 1V, V, and VI were treated with n-acetylcysteine (NAC-150 mg/kg/
day, IP), pramipexole (PPX-0.23 mg/kg/day, IP) alone and in combination, respectively. BCCA was done in
all groups except in groups I (control) and II (sham control) of animals. The treatment was given for one
week before the surgery and continued for two days after surgery. Subsequently, behavioral performances,
biochemical estimations, proinflammatory cytokines, and histopathological evaluations were done.
Results: NAC, PPX, and combination treatment groups showed significant ameliorative effects on
behavioral, biochemical, proinflammatory cytokines, and histopathological studies as compared with
the BCCA group. Whereas, the combination group showed a significant difference in ameliorating the
pathological changes of biochemical parameters and histopathological changes in comparison with
the PPX alone treated group but not with the NAC alone group.

Conclusion: The study concluded that in the combination treatment group the histopathological
parameter improved and the oxidative stress parameters were mitigated significantly compared with
the PPX alone treatment group but not with the NAC alone treatment group.
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Introduction

Stroke is the third most devastating problem in the
world of which, ischemic cerebral stroke is the most
common cause of death and disability (1). One of the
leading causes for cerebral ischemia is thrombosis or
embolus formation in the cerebral artery, which leads
to inadequate supply of blood (2). At the present, the
only well-established treatment strategy for stroke is to
dissolve the thrombus or embolus by using recombinant
tissue plasminogen activator (t-PA) (3), but it has a low
therapeutic index with complications like hemorrhage.
However, the rapid reperfusion itself is exacerbating the
neuronal injury by promoting the generation of oxygen
free radical and also stimulating the inflammatory
response. So, both ischemia and reperfusion were
associated with a wide range of pathological changes
like glutamate-mediated excitotoxicity, inflammation,
calcium overload, oxidative stress, apoptosis, and
blood-brain barrier dysfunction, etc., contributing to
neuronal death. So far there is no single drug treatment
reported for the reversal of ischemic reperfusion injury
in the brain. Despite having multiple mechanisms
involved in cerebral ischemic reperfusion injury, using
monotherapy is not worthwhile (4).

Recent scientific reports suggest that dopamine

receptor agonists regulate innate immunity and control
the expression of neurotrophic factors that result in
improvement of motor coordination after cerebral
stroke (5). Pramipexole (PX) is a dopamine receptor
agonist that has proved its neuroprotective activity
against cerebral ischemia. It shows its neuroprotective
activity by having antioxidant (6), hypothermic, and D3
receptor agonistic properties in ischemic brain injury
(7). Hypothermia is the most promising neuroprotective
strategy so far due to its metabolic demand lowering,
reduction in calcium influx, suppression of inflammatory
response, and reduction in reactive oxygen species (ROS)
generation (8). Ischemic stroke produces an excessive
amount of ROS (9). A drug like n-acetylcysteine (NAC)
is well known for its quenching effect on ROS thereby
it prevents cellular damage. Previous literature proved
that NAC is neuroprotective for the reason that it has
antioxidant property and neurovascular protective
effects (10).

As there is no reported literature available for the
comparative and combination study of PPX and NAC the
present work was planned to investigate the therapeutic
benefits of PPX and NAC alone and in combination
against global cerebral ischemic reperfusion injury.
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Materials and Methods

Animals

Sixty Sprague-Dawley rats weighing 220-280 g were
used for the study. They were procured from Mahaveer
Enterprises, Hyderabad, India and maintained in the
animal house facility provided by Acharya Nagarjuna
University in standard humidity (44%-60%) and
temperature (225 °C) with 12 hr light/dark cycle.
Animals were allowed to have access to food and water
ad libitum.

Experimental design

Animals were divided into six groups of ten animals
each. Group-I (control), was not allowed any surgical
intervention. Group-II (sham control), was allowed
surgical intervention without any ligation of bilateral
common carotid arteries. Group-III (ligation control),
was allowed surgical intervention with bilateral
common carotid artery ligation (BCCA). Groups IV, V,
and VI (ligation with treatment) were allowed surgical
intervention and ligation followed by treatment. Groups
I, I, and III were treated with saline (5 ml/kg/day, 0.9
% saline, IP). The remaining groups IV, V, and VI were
treated with N-acetylcysteine (NAC-150 mg/kg/day, IP)
and pramipexole (PPX-0.23 mg/kg/day, IP) alone and in
the combination, respectively. Treatment was given for
one week before the surgery and continued for two days
after surgery.

Procedure for the induction of global cerebral
ischemia

Animals were anesthetized with ketamine (50 mg/kg,
IP) and xylazine (10 mg/kg, IM) and were laid on their
ventral side to expose the neck region. A midline incision
was made after shaving the neck area. Dissection was
done at sternocleidomastoid and sternothyroid regions
to detect common carotid arteries. Both common carotid
arteries were identified and separated from the vagus
nerve to produce ischemia by ligation with a silk thread
for 20 min. After 20 min, the ligature was removed
to allow the perfusion. The incision was closed with
sutures, and iodine ointment was applied to prevent
infection. After 24 hr of reperfusion, animals were
allowed to assess the behavioral performances, and
after 48 hr of reperfusion, six animals were sacrificed
for biochemical examinations and four animals were
used for histopathological examinations (11).

Behavioral assessment
Locomotor activity

Locomotor activity measurement is commonly
used to study sensitivity to the locomotor activating
or depressing effects of a drug. After post-surgical
treatment, all animals were allowed to get acclimatized
to Photoactometer for 5 min. After acclimatization,
animals were observed for locomotor activity for 10 min,
and locomotor activity count/10 min were calculated
(12).

Hanging wire test
Rats were assessed for grip strength by using the
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hanging wire test. In this test, animals were allowed to
hang from a wire (45 cm long x 0.3 cm in diameter) with
forelimbs. The time of fall was measured and 90 sec was
kept as cut-off time (13).

Rotarod test

Rotarod test was used to analyze motor coordination
in rodents. The rats were allowed to train on the rotarod
apparatus with a 5 cm diameter for 5 min by adjusting
the rotations per min of the rod. They were observed for
motor coordination by noting the time it takes them to
fall off by keeping the animals on a rod (14).

Y- maze test

Short-term spatial working memory was assessed
using the Y-maze test by observing spontaneous
alterations. The Y-maze consists of 3 arms labeled A, B,
and C. Animals were placed in one arm of the maze and
allowed to explore the maze for 5 min, and alternations
were counted manually (consecutive entries in three
different arms). Percentage of spontaneous alternations
(%SA) was calculated using the formula (15)

Maximum number of alterations=Total number of
alterations - 2

Biochemical estimations
Preparation of homogenate

After scarification, the brain samples of animals were
isolated and washed with an ice-cold saline solution.
The brain tissue was minced into small pieces and
homogenized in ice-cold phosphate buffer (0.1 M, pH
7.4). The obtained homogenate was centrifuged (8000
rpm, 20 min, -4 °C) and the supernatant was collected
for further estimations of biochemical parameters (16).

Estimation of malondialdehyde

Lipid peroxidation was estimated by thiobarbituric
acid reactive substance. To 0.1 ml of homogenate was
added 10% trichloroacetic acid and thiobarbituric
acid, 1 ml each in test tubes. Test tubes were placed
in a boiling water bath for 20 min by covering with
aluminum foil to prevent evaporation. After 20 min,
they were cooled by keeping them in an ice bath for
10 min. Samples were centrifuged for 10 min, and the
supernatant was estimated spectrophotometrically at
a wavelength of 540 nm. The malondialdehyde (MDA)
levels were calculated using extinction coefficients (17).

Estimation of total thiols

To 0.2 ml of homogenate was added 0.36 ml of
phosphate buffer, 0.04 ml of DTMB (10 mM), and 1.5
ml of methanol with constant mixing after the addition
of each element. The mixture was centrifuged (8000
rpm, 15 min, -4 °C). The yellow colored supernatant
was collected and used to measure the spectroscopic
absorption at 412 nm (18).

Estimation of reduced glutathione

To 0.5 ml ofhomogenate, 0.5 ml of 10 % trichloroacetic
acid was added and centrifuged at 3000 rpm for 20
min to separate the protein from homogenate. 0.1 ml
of supernatant was taken in a test tube and mixed with
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Table 1. Behavioral assessment

Treatments Locomotor activity Hanging latency ~ Time of fall / 90 sec %Spontaneous
count/10 min time/90 sec alterations
Control 252+29.1 22.3+3.16 58.2+8.36 69.2+2.93
Sham Control 185£18.5 19.2+1.01 39.8+5.51 63.0£3.65
BCCA Control 77.0£6.03" 8.17£0.872™ 15.0+1.53" 40.3+4.98™
BCCA+NAC 175+17.5" 16.2+0.946" 33.5£3.59 62.2+4.59"
BCCA+PPX 180+15.7" 15.8+1.85" 27.7+3.28 57.8+3.28"
BCCA+NAC+PPX 243£12.6™ 20.2+1.40™ 45.8+2.54™" 68.3£2.32""

Results were expressed in mean + SEM, (n=6) in each group, * ** and “***’ were significantly different at P<0.05, P<0.01 and P<0.001 respectively,
in comparison with bilateral common carotid artery ligation group. Bilateral common carotid artery ligation group was compared with sham
control; combination treatment group was compared with Individual treatment groups

1 ml of phosphate buffer (0.2 M, pH 8) and 0.5 ml of
DTNB reagent (0.6 mM in 0.2 M phosphate buffer). After
mixing, the absorbance of the mixture was observed
spectrophotometrically at 412 nm (19).

Estimation of superoxide dismutase

To estimate superoxide dismutase (SOD) levels in
the tissue sample, we used autoxidation of pyrogallol
monitored at 420 nm. In this assay procedure, we used
1.5 ml of tris buffer (0.05 M), 0.5 ml of EDTA (1 M), 0.05
ml of homogenate, and 1 ml of pyrogallol (0.2 mM)
mixture and the change in absorbance was measured at
420 nm for 1 min (20).

Estimation of acetylcholinesterase

To 0.4 ml of homogenate, 2.6 ml of Phosphate buffer
(0.2M,pH8)and 100 pl of DTNB were added. The solution
was mixed well, and the absorbance was measured at
412 nm. After reaching the stable absorption, 20 pl of
acetylthiocholine was added, and change in absorption
was recorded for 5 min with an interval of 1 min to
determine the change in absorbance for 1 min. The
determination of acetylcholinesterase was estimated by
using the formula: R=5.74x10-4 x change in absorbance
per min / original concentration of the tissue (mg/ml)
(21).

Estimation of serum proinflammatory cytokines

After 2 hr of global cerebral ischemia, blood samples
were collected for the estimation of cytokines like
TNF-a and IL-1. Blood samples were allowed to clot
and centrifuged for 20 min at -4 °C to collect the serum.
Then the serum was stored at -80 °C until the time of
estimation. Krishgen Biosystems TNF-a and IL-1f3 ELISA
kits were used to estimate the cytokine levels in the
animals by following manufacturer’s catalogs (22).

Histopathological study of hippocampus

After 48 hr of ischemic reperfusion, the animals
were anesthetized. The brain samples of animals
were isolated, collected, and stored in 10% formalin
solution. They were embedded in paraffin wax and
sliced coronally into 5 um thick slices. The slices were
stained using eosin and hematoxylin to observe the
hippocampus neuronal density and the percentage of
necrotic neurons at the CA1 region (22).
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Statistical analysis

The values were expressed as Mean+SEM. The data
were analyzed by using one-way ANOVA followed by
Tukey’s post hoc test using the GraphPad Prism software.
Statistical significance was considered at P<0.05 for
analysis.

Effect on behavioral studies

In examination of the data obtained from the
locomotor activity test, the sham group showed no
significant difference in behavioral responses as
compared to the control group. The BCCA control
showed significant (P<0.01) decrease in locomotor
activity count as compared to the sham group. The
NAC, PPX alone, and combination of both NAC & PPX
treatment groups showed significant (P<0.01, P<0.01,
and P<0.001) improvement in locomotor performance
in comparison with the BCCA group, whereas the
combination treatment group showed no significant
difference with the individual treatment groups.

Based on the data obtained from the hanging wire
test, the BCCA control group showed significant (P<0.01)
decrease in hanging latency time when compared to the
sham control. The NAC, PPX alone, and combination
treatment groups showed significant (P<0.05, P<0.05,
and P<0.001) increase in hanging latency as compared
to the BCCA control group of animals, whereas there
was no statistical difference between the combination
treatment group and the individual treatment groups.

In analysis of the data obtained from the rotarod test,
the BCCA control showed significant (P<0.05) decrease
in time of fall when compared to the sham control group
and the individual treated group showed improved time
of fall but not significantly when compared to the BCCA
control group. The combination of NAC and PPX treated
group showed significant (P<0.001) improvement in time
of fall in comparison with the BCCA control group but no
significant difference was observed when compared with
individual treatment groups (Table 1).

In the Y-maze test, the BCCA control group showed
significant (P<0.001) decrease in %SA when compared
to the sham control group. The NAC, PPX alone, and
combination treatment groups showed significant (P<0.01,
P<0.05, and P<0.001) increase in % SA of animals with
respect to the BCCA control group, whereas there was
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Figure 1. Effect on lipid peroxidation of the tissue. Results were
expressed in mean+SEM, “, ** and “*** significantly different at
P<0.05, P<0.01 and P<0.001 respectively in comparison with bilateral
common carotid artery ligation group. Bilateral common carotid
artery ligation group was compared with sham control; combination
treatment ornun wac romnared with Individnal freatment gronng, @
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Figure 2. Effect on thiol content of the tissue. Results were expressed
as Mean#SEM, * ** and *** were significantly different at P<0.05,
P<0.01, and P<0.001, respectively in comparison with bilateral com-
mon carotid artery ligation group. Bilateral common carotid artery
ligation group was compared with the sham control; the combination
treatment group was compared with individual treatment groups;
@@ significantly different at P<0.01 (PPX vs NAC+PPX)

Effect on biochemical estimations

The MDA level in the sham control group of animals
did not show significant difference with the normal
control animals. The BCCA control group of animals
showed significant (P<0.001) increase in the MDA
levels in comparison with the sham control animals.
The NAC, PPX alone, and combination treatment groups
showed significant (P<0.001) decrease in MDA levels
as compared with the BCCA control group of animals.
The combination treatment group showed significant
(P<0.05) difference with the PPX alone treatment
group in decreasing the MDA levels, whereas there
was no significant difference between the combination
group and NAC alone treatment group. The data was
represented in Figure 1.

The thiol content of sham control group of animals
did not show significant difference with the control
group of animals, at the same time the thiol content
of the BCCA group showed significant (P<0.001)
decrease in comparison with the sham control group
of animals. The NAC, PPX alone, and combination
treatment groups showed significant (P<0.001, P<0.01,
and P<0.001) improvement in thiol levels, respectively.
The combination treatment group showed significant
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Figure 3. Effect on thiol content of the tissue. Results were expressed
as Mean#SEM, * ** and *** were significantly different at P<0.05,
P<0.01, and P<0.001, respectively in comparison with bilateral com-
mon carotid artery ligation group. Bilateral common carotid artery
ligation group was compared with the sham control; the combination
treatment group was compared with individual treatment groups;
@@ significantly different at P<0.01 (PPX vs NAC+PPX)
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Figure 4. Effect on superoxide dismutase levels of the tissue. Results
were expressed as Mean+SEM, *, ** and *** were significantly different
at P<0.05, P<0.01, and P<0.001, respectively in comparison with bilater-
al common carotid artery ligation group. Bilateral common carotid ar-
tery ligation group was compared with individual treatment groups; ##
significantly different at P<0.01 (NAC vs NAC+PPX); @@@ significantly
different at P<0.001 (PPX vs NAC+PPX)

showed no significant difference with the NAC alone
treatment group. The data was represented in Figure 2.

The GSH content of sham control group of animals did
not show significant difference with the control group

e
0
]

3k 3k sk

n
S
1

[
0
1

{1 M/ Minute / gram wet tissue

Figure 5. Effect on acetylcholinesterase levels of the tissue. Results
were expressed as mean+SEM, *, ** and *** were significantly differ-
ent at P<0.05, P<0.01 and P<0.001, respectively in comparison bilat-
eral common carotid artery ligation group. Bilateral common carotid
artery ligation group was compared with the sham control; the com-
bination treatment group was compared with individual treatment
groups; @@ significantly different at P<0.01 (PPX vs NAC+PPX)
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Figure 6. Effect on proinflammatory cytokines in serum. Results were expressed as mean+SEM, *, **, and *** were significantly different at P<0.05,
P<0.01, and P<0.001, respectively in comparison with bilateral common carotid artery ligation group. Bilateral common carotid artery ligation
group was compared with the sham control; the combination treatment group was compared with individual treatment groups
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Figure 7. Effect on hippocampus pyramidal cells. Results were ex-
pressed a mean+SEM, ** and *** were significantly different at P<0.01
and P<0.001, respectively in comparison with bilateral common carotid
artery ligation group. Bilateral common carotid artery ligation group
was compared with the sham control; the combination treatment group
was compared with the individual treatment groups; @ significantly dif-
ferent at P<0.05 (PPX vs NAC+PPX)

comparison with the sham control group of animals. The
NAC alone and combination treatment groups showed
significant increase (P<0.01 and P<0.001, respectively)
in GSH levels, whereas in the PPX alone treatment group
the levels of GSH were not increased significantly in
comparison with the BCCA group. The combination
treatment group showed significant (P<0.05) difference
with the PPX alone treatment group in increased GSH
levels; there was no significant difference between the
combination group and NAC alone treatment group. The
data was represented in Figure 3.

The SOD levels of the sham control group of animals
were significantly (P<0.01) decreased in comparison
with the normal control group of animals. BCCA group of
animals showed significant (P<0.001) decrease in SOD
levels as compared to the sham control group of animals.
The treatment groups NAC, PPX alone, and combination
groups showed significant (P<0.001) increase in SOD
levels in comparison with the BCCA group of animals.
The SOD levels of combination treatment group
significantly (P<0.01 and P<0.001) differed with NAC
and PPX alone treatment groups. All data is represented
in Figure 4.
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The AChE levels of the sham control group of animals
were significantly (P<0.01) increased compared with
the normal control group of animals. BCCA group of
animals showed significant (P<0.001) increase in AChE
levels as compared to the sham control group of animals.
The treatment groups NAC, PPX alone, and combination
groups showed significant (P<0.001) decrease in AChE
levels in comparison with BCCA group of animals.
The combination treatment group showed significant
(P<0.01) difference with PPX alone treatment group in
decreasing AChE levels, whereas the combination group
did not show significant difference with the NAC alone
treatment group. All data is represented in Figure 5.

Effect on proinflammatory cytokines in serum

The serum proinflammatory cytokines TNF-a and IL-
1B were not increased significantly in the sham control
group of animals in comparison with the control group
of animals. There was a significant (P<0.001) increase in
cytokine levels in the BCCA control group of animals as
compared to the sham control group. The NAC individual
treatment group had significantly lowered TNF-a and
IL-1B (P<0.05 and P<0.01), and significantly (P<0.01)
decreased IL-1f3 was also observed with the PPX alone
treatment group. But in the PPX treatment group,
TNF-a was not reduced significantly in comparison with
the BCCA control group of animals. The combination
treatment group had significantly lowered TNF- a and
IL-18 (P<0.01 and P<0.001), whereas there was no
significant difference between the individual treatment
groups and the combination treatment group. The
results are shown in Figure 6.

Histopathological study of hippocampus
Histopathological study of the hippocampus revealed
that the normal control and the sham group of animals
showed the normal structural morphology of CA1l
pyramidal cells, whereas the BCCA group of animals
showed significantly (P<0.001) increased percentage
of pyknotic cells characterized by shrunken cytoplasm
and damaged nuclei with thick staining. The individual
treatment groups NAC, PPX, and the combination group
showed significant (P<0.001, P<0.01, and P<0.001)
decrease in the percentage of pyknotic cells, respectively.
The combination treatment group significantly (P<0.05)
differed with the PPX alone treatment group but not with
the NAC alone treatment group in decreased percentage
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Figure 8. Photographic representations of coronal sections of CA1 region in hippocampus

of pyknotic cells. The results are shown in Figures 7 and 8.

Discussion

The cerebral ischemic reperfusion injury involves
multiple pathways for its pathology, so the Stroke
Therapy Academic Industry Round Table body
combination drug therapy was always advisable (23).
Stroke-induced disabilities are the principal reason for
the socioeconomic burden of the world (24). So, the
study was intended to evaluate the combined effect
of an antioxidant substance (NAC) and a D2 receptor
family agonist (PPX) on cerebral ischemic reperfusion
injury and its associated postischemic motor, cognitive,
and behavioral changes.

Reperfusion is the primary treatment strategy for
ameliorating the brain injury after cerebral ischemia
while reperfusion itself exuberates neuronal injury
by the generation of oxygen free radicals and also by
promoting neuronal inflammation (25). Decreased or
complete cessation of blood supply to the brain initiates
multiple pathological pathways like excitotoxicity,
calcium overload, and stimulation of induced nitric
oxide synthase activity. As a result, it increases the
levels of NO and other free radicals in the ischemic cells
(26). The free radicals are normally produced by the
cell metabolic process. In our body, there are defensive
mechanisms like enzymatic and nonenzymatic anti-
oxidants to protect from the progression of free radical
chain reactions (27). Many authors have reported that
ischemic reperfusion promotes the excessive generation
offreeradicals and phosphorylation of various molecular
pathways like ERK-1/2, SAPK/JNK %, and P38/MAPK
leading to transcription of apoptotic factors and gene
mediating inflammation in the ischemic regions (28).
Under ischemic conditions, our natural anti-oxidant
defense system fails to protect from the excessive
generation of free radicals and cellular injury. Previous
literature has supported providing anti-oxidants to
ameliorate the ischemic reperfusion injury.

In cerebral ischemic reperfusion injury, excitotoxicity
also plays a significant role in neuronal death. The
massive release of glutamate stimulates NMDA
receptors, which allow an excess amount of calcium
into the neuronal cells likely to cause neuronal death
(29). Along with excitotoxicity, proinflammatory
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cytokines like TNF-a and IL-1f are also responsible for
exacerbation of ischemic reperfusion injury (30, 31). In
the present study, we tried to use a combination of drugs
to ameliorate neuronal injury. One of the drugs, NAC, is
well known as an antidote for acetaminophen toxicity. It
has an extensive range of clinical applications because
of its ability to support the natural antioxidant defense
system. NAC is a precursor for cysteine, and it provides
sulfhydryl groups, which mitigate the effects of oxidative
free radicals (32). Previous literature has demonstrated
that NAC ameliorates cellular injury by its antioxidant
property and also by upregulation of hypoxia-induced
factor la (33). Another drug, D2 receptor agonist
PPX, was selected mainly as a therapeutic agent for
Parkinson’s disease; along with that PPX has been
proven for its neuroprotective activity. There are
some scientific reports stating that neuroprotective
mechanisms of PPX may be due its antioxidant activity
(34), upregulation of brain-derived neurotrophic factor
(BDNF), and mitochondrial membrane stabilization
(35). There are some scientific reports that support the
therapeutic benefit of hypothermia in cerebral stroke
by reduction of various salutary factors like metabolic
demand, excitotoxicity, and generation of free radicals
(36, 37). It has also been proven that mild hypothermic
effects PPX lead to inhibition of neuronal death via the
PI3K/AKT/GSK3f pathway (38).

Thus, the study concentrated on the combined
influence of NAC and PPX in the global cerebral ischemic
injury model to get more therapeutic benefit than
individual treatments. The individual treatment groups
of NAC and PPX showed significant improvement
in locomotor activity, hanging latency time, and %
spontaneous alterations, whereas the time of fall
showed no significant improvement in comparison with
the BCCA group. However, the combination treatment
group did not differ with the individual treatments of
NAC and PPX except in case of time of fall in the rotarod
experiment, which showed significant difference with
NAC only. The study demonstrated that the combination
of NAC and PPX was not able to improve significantly
the behavioral performances compared to individual
treatment groups. Because of the multifactorial role
in the pathophysiology of cerebral ischemic injury (4),
this is not the possible combination to improve the

Iran ] Basic Med Sci, Vol. 21, No. 6, Jun 2018



Combination treatment for cerebral ischemia

1)7"MS

Sekhara Reddy Danduga et al.

behavioral performances.

In the present study, as reported in the previous
literature the individual treatment groups, NAC and
PPX, showed a significant decrease in MDA and a
significant increase in total thiols and SOD and GSH
levels in comparison with the BCCA group (34, 39). The
increase in GSH levels in case of the PPX alone treatment
group, did not differ significantly with the BCCA group
of animals. The combination treatment group showed
significant difference with the PPX alone treatment
group but not with the NAC alone treatment group
except in SOD levels, in which NAC alone treatment
group differed significantly with the combination
treatment group. The results of our study indicated
that the combination treatment group had shown
better results than the individual PPX alone treatment
group in improving antioxidant potential, whereas
the combination treatment did not differ significantly
with the NAC alone treatment group. The antioxidant
study revealed that the combination group showed
significant improvement in antioxidant potential
compared with individual treatment of PPX but not with
NAC. In existing literature, it has been demonstrated
that the administration of NAC reduces the levels of
acetylcholinesterase thereby improving the memory
performance (40) as represented in the Y-maze test by
increasing the % spontaneous alterations. In the present
study, we tried to evaluate the combined influence of
NAC along with PPX. The PPX treatment group also
showed a significant decrease in acetylcholinesterase
and also increased % spontaneous alterations in the
Y-maze test. The combination treatment group had
significantly decreased levels of acetylcholinesterase
in comparison with the BCCA group of animals, and
it showed significant differences with the PPX alone
treatment group but not with the NAC alone treatment
group. Here the combination treatment group showed
significant differences neither with NAC nor PPX
alone treatment groups in improving % spontaneous
alterations.

In existing literature, it has already been shown
that levels of proinflammatory cytokines like TNF-a
and IL-1f increase in cerebral-stroke induced rats and
these proinflammatory cytokines promote neuronal
death. NAC has been proven for its neuroprotective
activity by its associative decrease in expression of
TNF-a and IL-18 (41). The pathologically increased
levels of TNF-a and IL-1f show detrimental effects on
rat hippocampus by influencing the % spontaneous
alterations (42). PPX also has been reported for its anti-
inflammatory potential and its neuronal protection in
the hippocampus (43). In line with existing literature,
in our present study, the NAC and PPX individual
treatment groups showed a significant reduction in IL-
13, whereas the significant decrease in TNF-a was only
in comparison with NAC but not with the PPX alone
treatment group when comparing with the BCCA group
of animals. The combination treatment group showed
a significant decrease in TNF-a and IL-1f as compared
with the BCCA group of animals but showed no
significant difference in reducing the proinflammatory
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cytokines compared with the individual treatment
groups. Ischemic reperfusion decreases the pyramidal
cell count in the CA1 region of the hippocampus (44).
In the present study, the individual treatment groups
NAC and PPX showed significantly decreased pyknotic
count of pyramidal cells in comparison with the BCCA
group of animals and the results are in line with existing
literature (45). The combination treatment group had
significantly decreased percentage of pyknotic cell
count in comparison with the BCCA group of animals.
In the present study, it was found that the combination
treatment group had decreased percentage of pyknotic
cell count in comparison with the PPX alone treatment
group but not with the NAC alone treatment group.

Conclusion

The present work concludes that in the combination
treatment group the behavioral performance and
inhibition of proinflammatory cytokines was not
improved compared with the individual treatment
groups. But, in biochemical and histopathological studies,
it was seen that the combination treatment group was
able to mitigate the pathological changes when compared
to the individual treatment group of PPX but, not with the
NAC treatment group.
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