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ABSTRACT 
 
To investigate the role of neurosteroids in ischemic postconditioning-induced attenuation of cerebral ischemia-
evoked neuronal injury and behavioral deficits in mice. Mice were randomly divided into four groups. Mice were 
subjected to 13min global cerebral ischemia followed by three episodes of 10s of ischemia and reperfusion for 24h. 
Metyrapone (100mg/kg), an inhibitor of 11β-hydroxylase, was administered 30 min prior to global cerebral 
ischemia and ischemic postconditioning. Finasteride (50mg/kg), an inhibitor of 5α-reductase, was administered 30 
min prior to Metyrapone 100mg/kg and 1h before induction to global cerebral ischemia and ischemic 
postconditioning. The mice were exposed to elevated plus maze test for assessing transfer latency time to evaluate 
the short term memory. The rota rod, inclined beam walking test were used to evaluate motor coordination. 
Ischemic postconditioning significantly attenuated the ischemia-reperfusion-induced increase in cerebral infarct 
size measured by volume and weight method. Administration of metyrapone (100 mg/kg; i.p.), an inhibitor of 11β-
hydroxylase, 30min before the induction of cerebral ischemia and ischemic postconditioning, significantly 
attenuated ischemia-reperfusion-induced increase in cerebral infarct size.  It may be concluded that neurosteroids 
may be involved in neuroprotective mechanism of ischemic postconditioning as neurosteroids may be responsible 
for decrease in infarct size, improvement in motor performance and short term memory. 
 
Key words: Ischemic Postconditioning, Global cerebral ischemia, GABAA, Neurosteroids, Metyrapone, Finasteride. 
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INTRODUCTION 
 

Stroke is the third leading cause of death and the main cause of disability worldwide. Thrombolytic therapy with 
tissue-type plasminogen activator (tPA) is the only FDA approved treatment of stroke. tPA clinical use is limited to 
a narrow time window of safe administration and associated with dangers of intracranial hemorrhage [1]. Thus, there 
is great need for further therapies for stroke. 
 
Brain injury following stroke develops from a complex cascade of cellular events[2]. After ischemia, decreased 
blood flow decreases phosphocreatine and ATP which disrupt membrane ionic gradient leading to neuronal 
depolarization [3] and produces the massive release of glutamate from presynaptic nerve terminals [4]. The released 
glutamate activates postsynaptic N-methyl-D-aspartate (NMDA) receptors leading to abnormally high Ca2+ influx 
[5]. This increase in cytosolic Ca2+ activates µ-calpain [6], phospholipase A2, nitric oxide synthase, endonuclease [7] 
and other proteins such as cyclophilin A and B [8]. Increase in cytosolic Ca2+ promotes the formation of free radicals 
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in cytoplasm and in the mitochondria [9]. Ca2+ overload-induced inhibition of mitochondrial electron transport chain 
and activation of phospholipase A2 are mainly responsible to generate reactive oxygen species (ROS) during 
cerebral ischemia and reperfusion [10]. ROS have been thought to be an important contributor to reperfusion injury. 
Upon the onset of reperfusion there is a ‘‘respiratory burst’’ lasting several minutes that originates from a number of 
cellular sources including endothelial cells, [11] and activated neutrophils [12]. This oxidative ‘‘burst’’ is followed 
by a moderately but persistently elevated production of superoxide anions. The ROS such as peroxynitrite [13], 
hydroxyl radical [14], superoxide anion and to lesser extent nitric oxide [15] are reported to produce DNA nicking. 
Additionally, mitochondrial damage due to ROS releases proapoptotic factors such as cytochrome C, caspase 9 and 
apoptosis inducing factor, which may contribute to delayed cell death after cerebral ischemia and reperfusion [16, 
17]. 
 
Different neuroprotectants were introduced for the treatment of ischemic brain injury but none of the 
neuroprotective agent has proven effective in clinical trial for last two decades. Preconditioning and 
postconditioning are two innovative strategies for protecting the brain from ischemic reperfusion injury. 
Preconditioning can be defined as a sub-threshold ischemic insult applied to an organ and it activates cellular 
pathways that can help to reduce damage caused by subsequent severe ischemic episodes [18]. Postconditioning is a 
series of brief mechanical interruptions of reperfusion following a specific prescribed algorithm applied at the very 
onset of reperfusion leading to neuroprotection. Ischemic postconditioning reduces ischemic injury by blocking the 
overproduction of reactive oxygen species and lipid peroxidation, and by inhibiting apoptosis [19]. Akt/PKB 
survival pathway [20], KATP channel activity [21], MAPK pathway [22], PKC [23], Cytochrome C/caspase-mediated 
apoptotic pathways [24] and NMDA [25] contribute to its protective effects. Postconditioning is clinically more 
applicable than preconditioning in that therapy would not have to be administered prior to an ischemic episode, but 
could be administered at the time of reperfusion [26]. 
 
Neurosteroids are the neuroactive steroids, synthesized de novo from cholesterol or in situ from sterol precursors 
imported from peripheral sources [27]. Development, growth, maturation and differentiation of brain are strongly 
influenced by steroid hormones. Neurosteroids are potent modulators of ligand-gated ion channel-receptors, such as 
the GABAA, glycine, NMDA and 5HT3 (serotonin) receptors, as well as voltage gated Ca2+ channels and distinct G-
protein coupled receptors, acting via nongenomic mechanisms [28, 29]. In genomic mechanism, neurosteroids 
activate or repress the multiple genes. Their genomic actions are mediated through binding to their ubiquitously 
expressed cytoplasmic glucocorticoid receptors (GRs) [30]. During stress, synthesis of neurosteroids increases that 
undergoes sequential metabolic reduction by 5α-reductase and 3α-hydroxysteroid oxidoreductase to form 5α-
dihydrodeoxycorticosterone (DHDOC) and allotetrahydrodeoxycorticosterone (THDOC) which are neuroprotective 
[31]. Several protective mechanisms like Akt/PKB survival pathway, KATP channel activity, MAPK, PKC, 
Cytochrome c/caspase-mediated apoptotic pathways and NMDA have been shown to be involved in neuroprotection 
by postconditioning. As neurosteroids are involved in neuroprotection, the present study has been designed to study 
the role of neurosteroids in the protective effects of postconditioning. 

 
MATERIALS AND METHODS 

 
Experimental  
Swiss albino mice (either sex), weighing 25-30g were employed in the present study (procured from the Central 
Research Institute (CRI), Kasauli). They were maintained on a standard laboratory diet (Ashirwaad feeds Ltd., 
Kharar, Chandigarh, India) and tap water ad libitum. They were housed in the animal house of Rayat and Bahra 
Institute of Pharmacy (RBIP), Sahauran and were exposed to natural photoperiod. All the animals used in the study 
were naive to the elevated plus-maze test. The experiments were conducted in a semi sound proof laboratory 
between 10:00 am to 5:00 pm. The experimental protocol of the study was duly approved by the Institutional 
Animal Ethics Committee (IAEC) and care of the animals was carried out as per the guidelines of the Committee for 
the Purpose of Control and Supervision of Experiments on Animals (CPCSEA), Ministry of Environment and 
Forest, Government of India (Reg. No-1380/a/10/CPCSEA). 
 
Experimental Design 
Animals were randomly separated into four groups and each group comprised of 5 mice. Each animal was subjected 
to the elevated plus-maze, beam walking and rota-rod tests as described above. The sequence of tests performed on 
each animal was elevated plus-maze test, rota-rod test and inclined beam walking test. The gap of 10min was kept 
between each test. These tests were performed in the above described sequence 3h before global cerebral ischemia 



Ramanpreet Kaur et al Der Pharmacia Lettre, 2015, 7 (2):122-135 
______________________________________________________________________________ 

124 
Scholar Research Library 

and ischemic postconditioning and 24h after global cerebral ischemia and ischemic postconditioning episodes 
followed by 24h reperfusion.  
 
Control Group (group I; n=5) 
Mice were subjected to 13min global cerebral ischemia followed by reperfusion for 24h. 

 
Ischemic Postconditioning Group (group II; n=5)  
Mice were subjected to 13min global cerebral ischemia followed by three episodes of 10s of ischemia and 
reperfusion for 24h. 
 

 
 
Metyrapone and ischemic postconditioning treated Group (group III; n=5) 
Mice were administered Metyrapone 100mg/kg 30min prior to global cerebral ischemia. The rest of the procedure 
was same as described for group II. 
 
 

 
Mice were administered Finasteride 50 mg/kg 30min prior to Metyrapone 100 mg/kg and 1h before induction of to 
global cerebral ischemia. The rest of the procedure was same as described for group II. 

 
 
Induction of Global Cerebral Ischemia-Reperfusion injury and ischemic postconditioning episodes 
Mice were anesthetized using chloral thiopental sodium (40mg/kg, i.p.). A midline ventral incision was made in the 
throat. Right and left common carotid arteries were located and freed from surrounding tissue and vagus nerve. A 
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cotton thread was passed under each of the carotid artery. Global cerebral ischemia was induced by pulling the ends 
of thread with constant weight. After 13 min of global cerebral ischemia, weight on the thread was removed to allow 
the reflow of blood through carotid arteries. The incision was sutured back in layers [31]. The sutured area was 
cleaned with 70% ethanol and was sprayed with antibiotic (Neosporin) dusting powder. Body temperature of mice 
was maintained at 37ºC by heated surgical platform.  
 
Ischemic postconditioning was induced at the beginning of reperfusion by occluding the carotid arteries. For the 
ischemic postconditioning episode, the carotid arteries were re-occluded for a period of 10s followed by 10s of 
reperfusion time. Three such cycles of ischemia and reperfusion were allowed immediately after the bilateral carotid 
artery occlusion performed for 13 min. All the surgical instruments used in the surgical procedure were sterilized by 
incineration prior to use [32]. After completion of the surgical procedure, the animals were shifted individually to 
their home cage and were allowed to recover.  
 
Assessment of Cerebral Infarct Size 
At the end of 24-h reperfusion after the global cerebral ischemia and ischemic postconditioning episodes, animals 
were sacrificed by cervical dislocation and the brain was removed. The brain was kept overnight at -4ºC. Frozen 
brain was sliced into uniform coronal sections of about 1mm thickness. The slices were incubated in 1% 
triphenyltetrazolium chloride (TTC) at 37ºC in 0.2 M Tris buffer (pH 7.4) for 20 minutes. TTC is converted to red 
formazone pigment by NAD and dehydrogenase and thereof stained the viable cells deep red. The infarcted cells 
have lost the enzyme and cofactor and thus remained unstained dull yellow. The brain slices were placed over a 
glass plate. A transparent plastic grid with 100 squares in 1 cm2 was placed over it. Average area of each brain slice 
was calculated by counting the number of squares on either side. Similarly, numbers of squares falling over non-
stained dull yellow area were also counted. Infarcted area was expressed as a percentage of total brain volume [33]. 
 
Estimation of Thiobarbituric Acid Reactive Substance (TBARS)                                                      
At the end of 24 h of reperfusion after the global cerebral ischemia, animals were sacrificed by cervical dislocation 
and the brain was removed. The brain was homogenized in 5 ml of 30 mM Tris-HCl and 2.5 mM CaCl2 buffer (pH 
7.6 at 50C). Homogenate was centrifuged at 750g to separate cellular debris. The supernatant was accurately divided 
into two parts. Both portions were centrifuged at 8200g to obtain the mitochondrial fraction. One fraction was 
utilized for determination of TBARS [34] and the other portion was employed for protein estimation [35]. 
 
Rota Rod Test 
Rota rod is used to evaluate motor coordination by testing the ability of mice to remain on a revolving rod. The 
apparatus consists of a horizontal rough metal rod of 3cm diameter attached to a motor with a variable speed. The 
rod is 70cm in length and is divided into four sections by wooden partitions, thereby allowing the simultaneous 
testing of four mice. The rod is kept at a height of about 50cm above the tabletop in order to discourage the animals 
from jumping off the roller. The rate of rotation of the rod was adjusted such that the normal mouse was able to stay 
on the rotating rod for a period of five minutes. The difference in the fall off time from the rotating rod between the 
control and treated animals is taken as an index of motor incoordination. Each mouse was given four or five trials 
before the actual reading was taken. The mice that were able to stay on the rotating rod for a period of five minutes 
before global cerebral ischemia were selected and the test was again performed after global cerebral ischemia and 
ischemic postconditioning episodes followed by 24h reperfusion [36]. 
 
Inclined beam-walking test 
Inclined beam-walking test was employed to evaluate fore and hind limb motor co-ordination. Each animal was 
individually placed on a metallic bar 55 cm long and 1.5 cm wide, inclined at an angle of 60° from the ground. The 
motor performance of mice was graded on a scale ranging from 0 to 4. A grade of 0 was assigned to an animal that 
could readily traverse the beam, grade 1 was given to animal demonstrating mild impairment, grade 2 was assigned 
to animal demonstrating moderate impairment, grade 3 was given to animal demonstrating severe impairment and 
grade 4 was assigned to animal completely unable to walk on the beam. Inclined beam-walking test was performed 
before global cerebral ischemia and ischemic postconditioning and the animals which readily transversed the beam 
(grade 0) were selected. The test was again performed after global cerebral ischemia and ischemic postconditioning 
episodes followed by reperfusion for 24h [37]. 
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Short Term Memory Evaluation Using Elevated Plus Maze 
Elevated plus maze consisted of two open (16 × 5 cm) and two enclosed (16 × 5 × 12 cm) arms, connected by a 
central platform (5 × 5 cm). The apparatus was elevated to a height of 25 cm above the floor. A fine line was drawn 
in the middle of the floor of each closed arm. All the animals were given a single trial on plus maze. Each mouse 
was individually placed at the end of open arm facing away from a central platform of the maze. The time taken by 
the mouse to enter from the open arm with all the four legs into the enclosed arm was taken at transfer latency time 
(TLT). In case the animal did not enter the enclosed arm within 90s, it was gently pushed into the closed arm and 
TLT of 90s was assigned to it. The animal was allowed to explore the maze for an additional 10s after the 
measurement of TLT. The exposure of the elevated plus-maze was repeated on day 2 and 3 to obtain a low level of 
TLT. After 3rd training trial animals were subjected to global cerebral ischemia and ischemic postconditioning for 
13 minutes followed by reperfusion for 24 h. The animals were again exposed to elevated plus maze to measure the 
TLT on day 4 after 24h of reperfusion. TLT measured on 3rd training trial (Day 3) serves as index of learning or 
acquisition, whereas TLT recorded 24 h after global cerebral ischemia and reperfusion (Day 4) served as an index of 
retrieval or memory. Utmost care was taken not to change the relative location of plus-maze with respect to any 
object serving as a visual clue in the laboratory [38]. 
 
Statistical Analysis 
All the results were expressed as mean± standard error of mean (S.E.M.) followed by one way ANOVA along with 
Tukey’s multiple comparison test. The p<0.05 was considered to be significant. 

 
RESULTS 

 
Effect of various interventions on cerebral infarct size 
Global cerebral ischemia of 13min followed by reperfusion for 24h produced a significant increase in cerebral 
infarct size measured by volume and weight method (Table no. 1) (Fig. 1 and 2). Ischemic postconditioning 
significantly attenuated the ischemia-reperfusion-induced increase in cerebral infarct size measured by volume and 
weight method (Table no.1) (Fig.1 and 2). Administration of metyrapone (100 mg/kg; i.p.), an inhibitor of 11β-
hydroxylase, 30min before the induction of cerebral ischemia and ischemic postconditioning, significantly 
attenuated ischemia-reperfusion-induced increase in cerebral infarct size measured by volume and weight method 
(Table no.1) (Fig. 1 and 2). Also, administration of metyrapone (100 mg/kg; i.p.), significantly enhance the effect of 
ischemic postconditioning on ischemia-reperfusion-induced cerebral infarction as measured by volume and weight 
method (Table no. 1) (Fig. 1 and 2). 

 
Table no. 1 Effect of various interventions on cerebral infarct size 

 

S.no Experimental groups 
% CEREBRAL INFARCT SIZE 

By volume method By weight method 
1. Control 80.25±0.4787 80.35±0.7563 
2. IPostC group 55.70±0.2299 55.05±0.3849 
3. Metyrapone+ IPostC group 49.36±0.1836 39.133±0.1492 
4. Fin+Met+IPostC group 63.1925±0.4182 63.19±0.4299 

For all groups (n=5). All the results were expressed as mean±standard error of mean (S.E.M.) followed by 
one way ANOVA along with Tukey’s multiple comparison test. 

 
                      
 

                                                        
 
 

 
 
 

Fig. 5.1: Cerebral infarction after 24 hours of ischemia-reperfusion-injury 

     C                IPostC             IPostC+M          IPostC+F+M 

C = Control 
IPostC = Ischemic postconditioning 
IPostC+M           = Ischemic postconditioning+Metyrapone 
IPostC+F+M      = Ischemic postconditioning+Finasteride+Metyrapone 
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Finasteride (50mg/kg; i.p.), an inhibitor of 5α-reductase inhibitor, administered 30min prior to metyrapone 
(100mg/kg; i.p.) and 1h before induction of cerebral ischemia and ischemic postconditioning significantly reversed 
the effect of metyrapone and ischemic postconditioning on ischemia-reperfusion-induced cerebral infarction as 
measured by volume and weight method (Table no. 1) (Fig. 1 and 2). 
 

 
 

 
 
 
 
 

Fig. 2 Effect of ischemic postconditioning on ischemia-reperfusion induced cerebral infarct size in mice 
 
Control represents that mice were subjected to cerebral ischemia for 13min followed by reperfusion for 24h. Values 
were expressed as mean (n=5) ± SEM. a=p<0.05vs control. b=p<0.05vs ischemic postconditioning. c=p<0.05vs 
metyrapone and ischemic postconditioning. IPostC stands for Ischemic postconditioning group; Fin stands for 
Finasteride group; Met stands for Metyrapone group. 
 
Effect of various interventions on thiobarbituric acid reactive substance (TBARS) 
Global cerebral ischemia of 13min followed by reperfusion of 24h significantly increased the thiobarbituric acid 
reactive substances (TBARS) (Table no. 2) (Fig.3). Ischemic postconditioning significantly attenuated ischemic-
reperfusion-induced increase in TBARS (Table no. 2) (Fig. 3). Administration of metyrapone (100mg/kg; i.p.), an 
inhibitor of 11β-hydroxylase, 30min before induction of cerebral ischemia and ischemic postconditioning 
significantly attenuated ischemia-reperfusion-induced increase in TBARS (Table no. 2) (Fig. 3). Also, 
administration of metyrapone (100mg/kg; i.p.), significantly enhanced the effect of ischemic postconditioning on 
ischemia-reperfusion-induced TBARS (Table no. 2) (Fig. 3). Finasteride (50mg/kg; i.p.) administered 30min prior to 
metyrapone (100mg/kg; i.p.) and 1h before induction of cerebral ischemia and ischemic postconditioning 
significantly reversed the effect of metyrapone and ischemic postconditioning on ischemia-reperfusion-induced 
increase in TBARS (Table no. 2) (Fig. 3). 
 

Table no. 2 Effect of various interventions on thiobarbituric acid reactive substances (TBARS) 
 

S. No Groups TBARS (nm/mg of proteins) 
1. Control 3.2575±0.05413 
2. IPostC group 1.3547±0.06116 
3. Metyrapone+IPostC group 1.084±0.04942 
4. Fin+Met+IPostC group 2.0096±0.1177 

 

           Control group           Met+ IPostC group 

           IPostC group  Fin+Met+ IPostC group 
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For all groups (n=5). All the results were expressed as mean±standard error of mean (SEM) followed by one way 
ANOVA along with Tukey’s multiple comparison test. 
 

 
 
 

 
 

 
 

Fig.3 Effect of various interventions on thiobarbituric acid reactive substances (TBARS) 
 
Control represents that mice were subjected to cerebral ischemia for 13min followed by reperfusion for 24h. Values 
were expressed as mean (n=5) ± SEM. a=p<0.05vs control. b=p<0.05vs ischemic postconditioning. c=p<0.05vs 
metyrapone and ischemic postconditioning. IPostC stands for Ischemic postconditioning group; Fin stands for 
Finasteride group; Met stands for Metyrapone group. 
 

Table no. 3 Effect of various interventions on motor coordination 
 

S. No. 
 

Groups 
Rota Rod 

 (Time In Sec.) 
Inclined Beam Walking  

(Score Of Motor Performance) 
1. Control  2.25±0.9574 2.8±0.5831 
2. IPostC group 5.54±0.4778 0.8±0.3774 
3. Metyrapone+ IPostC group 6.0±0.4472 0.5±0.3774 
4. Fin+Met+IPostC group 5.0±0.4472 1.2±0.4874 

For all groups (n=5). All the results were expressed as mean±standard error of mean (SEM) followed by one way ANOVA along with Tukey’s 
multiple comparison test. 

 
Effect of various interventions on motor co-ordination:  
Global cerebral ischemia of 13min followed by reperfusion for 24h produced a marked impairment of motor 
performance using inclined beam walking and rota-rod test (Table no. 3) (Fig. 4 and 5). Ischemic postconditioning 
significantly attenuated the ischemia-reperfusion-induced impairment of motor performance (Table no. 3) (Fig. 4 
and 5). Administration of metyrapone (100mg/kg; i.p.), an inhibitor of 11β-hydroxylase, 30min before induction of 
cerebral ischemia and ischemic postconditioning significantly attenuated the ischemia-reperfusion-induced 
impairment of motor performance (Table no. 3) (Fig. 4 and 5). Also, administration of metyrapone (100mg/kg; i.p.), 
significantly enhanced the effect of ischemic postconditioning on ischemia-reperfusion-induced impairment of 
motor performance (Table no. 3) (Fig. 4 and 5). Finasteride (50mg/kg; i.p.), an inhibitor of 5α-reductase, 
administered 30min prior to metyrapone (100mg/kg; i.p.) and 1hour before induction of cerebral ischemia and 
ischemic postconditioning significantly reversed the effect of metyrapone and ischemic postconditioning on 
ischemia-reperfusion-induced cerebral impairment of motor performance (Table no. 3) (Fig. 4 and 5). The motor 

         Control group     Met+ IPostC group 

         IPostC group                             Fin+Met+IPostC group 
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performance assessed by inclined beam walking and rota-rod tests demonstrated identical results with all treatments 
(Table no.3) (Fig. 4 and 5). 
 

 
Rota Rod test 

 
 

 
 

 
 

Fig. 4: Effect of various interventions on ischemia-reperfusion-induced changes in motor performance 
 
Control represents that mice were subjected to cerebral ischemia for 13min followed by reperfusion for 24h. Values 
were expressed as mean (n=5) ± SEM. a=p<0.05vs control. b=p<0.05vs ischemic postconditioning. c=p<0.05vs 
metyrapone and ischemic postconditioning. IPostC stands for Ischemic postconditioning group; Fin stands for 
Finasteride group; Met stands for Metyrapone group. 
 
 

 
Inclined beam walking test 

        Control group                          Met+IPostC group 

        IPostC group                                        Fin+Met+IPostC group 
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Fig. 5: Effect of various interventions on ischemia-reperfusion-induced changes in motor performance 
 
Control represents that mice were subjected to cerebral ischemia for 13min followed by reperfusion for 24h. Values 
were expressed as mean (n=5) ± SEM. a=p<0.05vs control. b=p<0.05vs ischemic postconditioning. c=p<0.05vs 
metyrapone and ischemic postconditioning. IPostC stands for Ischemic postconditioning group; Fin stands for 
Finasteride group; Met stands for Metyrapone group. 
 
Effects of various interventions of short term memory 
The training trials performed on day 2 and day 3 significantly decreased the transfer latency time (TLT) as 
compared to TLT recorded on day 1 trial using elevated plus maze (Table no. 4) (Fig 6). Global cerebral ischemia of 
13 min followed by reperfusion of 24h conducted after day 3 trial significantly increased the transfer latency time 
(TLT) demonstrating impairment of short term memory (Table no. 5) (Fig. 7). Ischemic postconditioning attenuated 
the ischemia-reperfusion-induced increase in TLT (Table no.5) (Fig.7).  
 

Table no. 4: Effect of trials on acquisition response 
 

TRIAL DAY TLT in sec. 
Day 1 20.64±3.602 
Day 2 14.107±1.755 
Day3 10.85±2.669 

 
TLT denotes transfer latency time in seconds. Values were expressed as mean (n = 25) ± standard error of mean 
(S.E.M.) followed by one way ANOVA along with Tukey’s multiple comparison test.    
 

 
 

Fig. 6: Effect of trials on acquisition response 
TLT denotes transfer latency time in seconds. 

Values were expressed as mean (n = 25) ± S.E.M.  a = P < 0.05vs. Day1. 
 

Administration of metyrapone (100mg/kg; i.p.), an inhibitor of 11β-hydroxylase, 30min before induction of cerebral 
ischemia and ischemic postconditioning significantly attenuated the ischemia-reperfusion-induced increase in TLT 
(Table no. 5) (Fig.7). Also, administration of metyrapone (100mg/kg; i.p.), significantly enhanced the effect of 
ischemic postconditioning on ischemia-reperfusion-induced increase in TLT (Table no. 5) (Fig. 7). Finasteride 
(50mg/kg; i.p.) administered 30min prior to metyrapone (100mg/kg; i.p.) and 1h before induction of cerebral 

 Control group       Met+IPostC group   

IPostC group                                        Fin+Met+IPostC group 
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ischemia and ischemic postconditioning significantly reversed the effect of metyrapone and ischemic 
postconditioning on ischemia-reperfusion induced increase in TLT (Table no. 5) (Fig. 7). 

 
Table no. 5: Effect of various interventions on short term memory 

 
S.No. GROUPS DAY 4 (Time in sec.) 
1. Control group 27 ± 5.801 
     2. IPostC group 12.25 ± 2.217 
     3. Metyrapone +  IPostC 9.25 ± 2.5 
     4.  Fin+Met+IPostC treated 13 ± 2.16 

For all groups (n=5). All the results were expressed as mean± standard error of mean  (S.E.M.) followed by one way ANOVA along with Tukey’s 
multiple comparison test. 

 

 
Day 4 

 
 

 
 
 
 

Fig. 7: Effect of various interventions on short term memory recorded on day 4 in mice 
 
Control represents that mice were subjected to cerebral ischemia for 13 min. followed by reperfusion for 24 hrs. 
Values were expressed as mean (n = 5) ± S.E.M.  a = P < 0.05vs. Control. b = P < 0.05vs. ischemic 
postconditioning. c=p<0.05vs metyrapone and ischemic postconditioning. TLT denotes transfer latency time in 
seconds. IPostC stands for Ischemic postconditioning group; Fin stands for Finasteride group; Met stands for 
Metyrapone group. 
 

DISCUSSION 
 

The global cerebral ischemia reperfusion model employed in the present study is reported to simulate the clinical 
situation of cerebral ischemia due to cardiac arrest, drowning and asphyxia. Therefore, global cerebral ischemia of 
short duration followed by reperfusion for a long time has been employed in the present study [39]. 
Triphenyltetrazolium chloride (TTC) staining has been employed in the present study to determine the area of 
infarction in brain tissue. The TTC is a water-soluble dye that is reduced to the formation by the enzyme succinate 
dehydrogenase and cofactor NAD, present in mitochondria and stains viable tissue deep red in color. Ischemic tissue 
with damaged mitochondria remains unstained [40, 41]. Therefore, the TTC staining technique has been used to 
measure the extent of infarct size in the present study. 
 

Control group           IPostC+Met group 

  IPostC group                                           Fin+Met+IPostC group 
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Free radicals have been implicated in cerebral ischemia and reperfusion induced neuronal injury (42, 43, 44]. Free 
radicals promote lipid peroxidation, which results in the alteration in permeability and fluidity of membranes [45]. 
The neurons vulnerable to free radical damage during reperfusion are reported to demonstrate lipid peroxidation 
[46]. The concentration of MDA, which is an end product of lipid peroxidation, increases markedly after reperfusion 
of the brain as ROS also increase as a result of ischemia reperfusion injury. MDA reacts with thiobarbituric acid 
(TBA) and is thus estimated as TBARS [47].  Therefore, in the present study, estimation of MDA with TBARS has 
been used as a biochemical marker of lipid peroxidation.       
  
Cerebral ischemia has been reported to impair memory because hippocampal neurons are susceptible to the 
deleterious effects of ischemia reperfusion and the hippocampus is involved in the regulation of memory. Therefore, 
in the present study, we employed the elevated plus maze test to evaluate the effect of global cerebral ischemia and 
reperfusion on short term memory [32, 37]. Cerebral ischemia is documented to impair sensory motor ability [48]. It 
is important for the development of drug therapies to establish the convenient method, and to evaluate impairment 
and the improvement of neurological and motor function in rodent models because muscle weakness is a common 
complaint after stroke in humans [49, 50]. Therefore, inclined beam walking test and rota rod test has been used in 
the present study to evaluate motor performance [51]. The Rota rod test is used to evaluate the activity of drugs 
interfering with motor coordination. It has been suggested that the skeletal muscle relaxation induced by a test 
compound could be evaluated by testing the ability of mice or rats to remain on a revolving rod. 
 
Ischemic postconditioning was reported to prevent cerebral ischemic injury in rats [52, 53], and is involved in 
neuroprotection. Ischemic postconditioning invokes the activation of signal transduction cascades by autacoid 
triggers; these accumulate extracellularly in response to the postconditioning stimulus and act on cell surface 
receptors or other molecular targets [54]. Postconditioning attenuates ROS production and apoptosis, as early 
reperfusion is considered to cause significant ROS products leading to apoptosis. Postconditioning may also inhibit 
inflammation after stroke. During the inflammatory response, leukocytes extravasate into the brain tissue, releasing 
ROS, thus attacking lipid membranes, DNA, and proteins [55]. Ischemic postconditioning inhibits the Ca+2 
overloads by suppressing the activity of NMDA receptor [56]. Decrease in intracellular Ca+2  initiates inhibiting 
effects of ROS leading to an improved activity of the Akt and KATP channels, which contributes to the protection 
of postconditioning [57]. Therefore, ischemic postconditioning induced attenuation of ischemia-reperfusion-induced 
increase in cerebral infarct size, TBARS and memory impairment noted in the present study is due to its various 
neuroprotective mechanisms. 
 
Neurosteroids may exhibit neuroprotective effects in both central and peripheral nervous systems [58]. 
Neurosteroids have been shown to modulate expression of particular subunits of GABAA receptors. Neuroprotection 
offered by steroid hormones realized in both genomic (classical intracellular steroid receptor) and non genomic (ion 
channels and membrane receptors) mechanisms involve regulation of the pro- and anti apoptotic factor expression, 
intracellular signaling pathways, neurotransmission, oxidative, and inflammatory processes [29]. Neurosteroids have 
been proved to have antioxidant effects [59], hence they prevent the cell damage related to oxidative processes and 
activation of the mitochondrial apoptosis pathway [60]. Various studies have shown that neurosteroids may be 
involved in memory enhancement, behavioral actions, and neuroprotective effects [61, 62]. Neurosteroids modulate 
brain excitability primarily by interaction with neuronal membrane receptors and ion channels, principally GABAA 
receptors [63]. 11β-hydroxylase inhibitor, metyrapone (100mg/kg; i.p.) inhibits the synthesis of corticosterone from 
deoxycorticosterone (DOC) and increase the conversion of DOC to THDOC which has neuroprotective effects on 
the brain [64]. 5α-reductase inhibitor, finasteride (50mg/kg; i.p), inhibits the synthesis of neurosteroids.  
 
Ischemic postconditioning affects the corticosteroid level and may increase the synthesis of neurosteroids which 
may be converted to the other prototypic GABAA receptor modulating neurosteroids [65]. So in the present study it 
was hypothesized that neurosteroids may also be involved in the protective effects of ischemic postconditioning.  
 
Ischemia reperfusion injury significantly increased the levels of TBARS in mice brain. This may be due to increase 
in Ca+2 overload and increase in production of ROS, leading to oxidative damage and hence increase the levels of 
TBARS. Ischemic postconditioning attenuated the ischemia-reperfusion-induced increase in brain TBARS. This 
may be due to fact that ischemic postconditioning may increase the synthesis of neurosteroids and hence reduce the 
Ca+2 overload further leading to decrease in the production of ROS [9]. In the present study, metyrapone and 
ischemic postconditioning has attenuated ischemia-reperfusion-induced increase in brain TBARS. Administration of 
metyrapone enhanced the effect of ischemic postconditioning. As metyrapone, an inhibitor of 11β-hydroxylase, may 



Ramanpreet Kaur et al Der Pharmacia Lettre, 2015, 7 (2):122-135 
______________________________________________________________________________ 

133 
Scholar Research Library 

have reduced glucocorticoid synthesis and raised the levels of DOC providing greater availability of DOC for 
metabolic conversion to the GABAA receptor modulating neurosteroids and THDOC. Neurosteroids may have 
further attenuated generation of ROS in mitochondria and decrease the oxidative stress [66]. This contention is 
further supported by the observation that finasteride, an inhibitor of 5α-reductase, has attenuated metyrapone and 
ischemic postconditioning induced decrease in brain TBARS, may be due to the fact that finasteride reduces the 
neurosteroidogenesis [64].  
 
Ischemia-reperfusion is accompanied by impairment to oxidative reductive reactions of cell energy metabolism, 
which involve a number of key enzymes, including lactate dehydrogenase (LDH) [67]. Hippocampus plays an 
important role in the formation of memories and is involved in the detection of novel events, places and stimuli [68]. 
Ischemic postconditioning after global cerebral ischemia exerts protection to the vulnerable hippocampal CA1 
region of the brain [69]. Ischemic postconditioning protects neurons against ischemia/reperfusion injury by 
increasing their LDH (lactate dehydrogenase) activity. Therefore, ischemic postconditioning induced improvement 
of memory noted in the present study may be due to its neuroprotective effects in hippocampal neurons exerted via 
neurosteroids. Neurosteroids exhibit neuroprotective effects in both central and peripheral nervous system [29]. 
Excitability of central nervous system is rapidly altered by neurosteroids through modulating neurotransmitter-gated 
ion channels such as GABAA and NMDA receptor [65]. Neurosteroids promote learning and memory by modulating 
synaptic functions in the hippocampus [70]. 11β-hydroxylase inhibitor, metyrapone and ischemic postconditioning 
has attenuated ischemia-reperfusion-induced impairment in memory. In the present study, metyrapone enhanced the 
neuroprotective effect of ischemic postconditioning. This may be due to the fact that metyrapone inhibited the 
synthesis of corticosterone and enhanced the synthesis of neurosteroids and provided neuroprotection in 
hippocampus. This contention is further supported by the observation that finasteride, an inhibitor of 5α-reductase, 
has prevented metyrapone and ischemic postconditioning induced improvement of memory.  
 
Ischemia-reperfusion injury increases the Ca+2 influx, due to which ROS production increases and infarction occurs 
due to cell death. Ischemic postconditioning reduces neuronal cell death induced by global cerebral ischemia. This 
protective mechanism of postconditioning against global ischemic injury may involve reducing neuronal death by 
improving the disturbance in CBF [71]. Cerebral ischemia can induce considerable corticosterone secretion, which 
can cause the brain damage [72]. In the present study, metyrapone and ischemic postconditioning significantly 
attenuate the increase in cerebral infarct size induced by global cerebral ischemia. Metyrapone reduced the brain 
damage induced by global cerebral ischemia may be by suppressing the increased levels of corticosterone. 
Metyrapone enhanced the neuroprotective effect of ischemic postconditioning and attenuated the increase in cerebral 
infarct size induced by global cerebral ischemia. This may be due to the fact that metyrapone and ischemic 
postconditioning reduce brain damage induced by global cerebral ischemia may be by suppressing the increased 
level of corticosteroids and hence reducing the brain damage. This contention is further supported by the observation 
that finasteride, an inhibitor of 5α-reductase, has prevented metyrapone and ischemic postconditioning induced 
improvement in cerebral infarct size. 
 
Brain tissue infarction as a result of oxygen free radicals has been noted to decrease motor performance and motor 
co-ordination [73].  Ischemic postconditioning attenuates ROS production and neuronal damage and hence improves 
the motor performance [19] in the cerebellum. In the present study, metyrapone and ischemic postconditioning 
improved the impairment of motor coordination and motor performance induced by ischemia-reperfusion injury, 
may be due to increase in synthesis of neurosteroids. Metyrapone enhanced the neuroprotective effect of ischemic 
postconditioning, may be due to increase in the synthesis of neurosteroids and the consequent prevention of 
generation of reactive oxygen species leading to an improvement of motor performance. This contention is further 
supported by observation that finasteride, an inhibitor of 5α-reductase, has attenuated the neuroprotective effect of 
metyrapone and ischemic postconditioning on motor performance due to the fact that finasteride inhibited the 
production of neurosteroids.  
 

CONCLUSION 
 

On the basis of above discussion it may be concluded that neurosteroids may be involved in neuroprotective 
mechanism of ischemic postconditioning. The neuroprotection through ischemic postconditioning and metyrapone 
may be due to reduced glucocorticoid synthesis and raised the levels of DOC providing greater availability of DOC 
for metabolic conversion to the GABAA receptor modulating neurosteroids and THDOC. This increase in 
neurosteroids may be responsible for decrease in infarct size, improvement in motor performance and short term 
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memory. Nevertheless, further studies are required to elucidate the involvement of neurosteroids in the 
neuroprotective effects of ischemic postconditioning. 
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