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ABSTRACT 

 
Although heat shock protein 70 (Hsp70) has been suggested to be a stress marker or 
to play a protective role in brain injury, the relevance of its expression in epilepsy 
and hyperglycemia is unclear. The aim of this study was to evaluate the level of 
Hsp70 in the rat hippocampus following pilocarpine induced seizure in normo- and 
hyperglycemic rat and its relation to glutamate and γ amino-butyric acid (GABA) 
level. This study was carried out on 40 adult male albino rats divided into two main 
groups 20 rats per each; Group I: induction of seizures in normal rats; Ia: 10 control 
rats were injected with intraperitoneal (i.p.) saline. Ib: 10 rats were injected with 
pilocarpine (310-320mg/kg,ip) for seizure induction. Group II: induction of seizures 
in diabetic rats; 20 rats were rendered diabetic for one month by the injection of 
streptozotocin. Then they were subdivided into 2 subgroups; Group II a: 10 diabetic 
rats were injected with i.p. saline. Group II b: 10 diabetic rats were injected with i.p. 
pilocarpine. Development of diabetes was confirmed by measuring blood glucose 
levels in blood samples taken from tail vein. At the end of experimental period rats 
were sacrificed and the hippocampi were bilaterally dissected and handled to 
estimate levels of Hsp70, glutamate and GABA concentration. The results revealed 
significant increase in Hsp70 concentration in hippocampus after experimental 
seizures, Hyperglycemia alone was not associated with significant change in Hsp70 
level in group IIa compared to control. No significant difference in Hsp 70 level was 
found between hyperglycemic rats with and without seizure induction. Levels of 
glutamate and GABA were not changed significantly after pilocarpine administration. 
Hyperglycemia followed by seizure induction was associated with significant increase 
in glutamate and decrease in GABA level. On the other hand, hyperglycemia alone 
failed to exert any significant change in NT levels. The current study therefore, 
suggested that Hsp70 could play a role in neuroprotection during an epileptogenic 
state as evidenced by low scores of seizure in rats and levels of NT; in addition, 
Hyperglycemia is associated with impairment of Hsp70 expression; therefore, the 
neurons were more vulnerable to the damaging effect of pilocarpine as showed in 
severe seizure attacks and significant changes in NT level. 
Keywords: heat shock protein70, hippocampus, seizures, hyperglycemia, glutamate, γ 
amino-butyric acid. 
Abbreviations: Hsp70; heat shock protein70, GABA; γ amino-butyric acid, STZ; 
streptozotocin, HPLC-ECD; high performance liquid chromatography-
electrochemical detector, NT; neurotransmitter, 
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INTRODUCTION 
 

The heat shock proteins (HSPs) 
are a family of proteins originally 
identified as being up-regulated in 
response to elevated temperature, but 
now a wide range of cellular stresses 
such as hypoxia, ischemia, glutamate, 
and heavy metals have been shown to 
induce HSPs. HSPs consist of a 
family of highly conserved proteins 
grouped according to their molecular 
size: the high molecular mass proteins 
(110, 90, 70–72, and 55–60 kDa) and 
the small HSPs, which include 
HSP27, ubiquitin, A- and B-
crystallin.(1) HSPs function differently 
at various physiological conditions. 
Under unstressed conditions, Hsp 
serve as molecular chaperone assisting 
in the process of protein synthesis, 
while in stress conditions, Hsp assist 
in the maintenance of cellular 
integrity and viability.(2) 

The 70 kD family of stress 
proteins is one of the most extensively 
studied. The mechanism of protection 
with Hsp70 has largely been believed 
to be related to its chaperone 
functions, leading to prevention of 
protein malfolding and aggregation.(3) 
In addition, Hsp70 can improve cell 
survival via antiapoptotic 
mechanism.(4) Hsp70 may also alter 
other proteins or genes known to be 
involved in inflammatory response. 
Various studies indicate that Hsp70 
has an anti-inflammatory effect as it 
decreases the release of inflammatory 
mediators.(3) In the central nervous 
system, heat shock protein (Hsp) 
synthesis is induced in a variety of 
pathologic states, including cerebral 
ischemia, neurodegenerative disease, 
excitotoxin exposure and trauma.(5,6) 

Although 70-KDa heat shock protein 
has been thought to protect cells by 
preserving tertiary protein structure 
and preventing protein aggregation, its 
neuroprotective role still remains 
unclear.(4,7,8)  

Imbalance between inhibitory 
gamma-amino-butyric acid (GABA) 
and excitatory glutamate 
neurotransmitters as well as 
alterations of ion channels, may be 
involved in pathogenesis in epilepsy. 
Excitotoxicity due to excessive 
glutaminergic  transmission seems to 
be an important factor in pathogenesis 
of epilepsy. However, experiments in 
vivo have shown that large increases 
in the extracellular levels of 
endogenous glutamate do not 
necessarily induce neurodegeneration 
or seizures.(9,10) 

Diabetes mellitus is associated 
with impairment of endogenous tissue 
defense mechanisms and vulnerability 
of tissues to various types of stress. 
Since long-lasting hyperglycemia 
causes modification of cellular 
proteins, it is possible that expression 
of molecular chaperones as Hsp may 
be altered during the course of 
diabetes.(11,12) 

One of the most widely used 
models for studying the pathological 
changes of human temporal lobe 
epilepsy is pilocarpine (muscarinic 
agonist) induced seizures in rats.  
Intracerebral or systemic administration 
of pilocarpine selectively elaborates 
epileptiform activity in the limbic 
structures accompanied by motor 
limbic seizures, limbic status 
epilepticus and widespread brain 
damage.(13,14,15) Pilocarpine induced 
seizures were thought to be produced 
by muscarinic activation which 



 
 
Bull. Egypt. Soc. Physiol. Sci. 28 (1) 2008                                       Dief & Abou-Heif 

 
339

enhance postsynaptic response 
because of potassium channel 
closure.(16) In addition, changes in the 
anatomic organization of the temporal 
lobe could be attributed to pilocarpine 
administration. Brain lesions in the 
olfactory cortex, hippocampus, 
amygdale, and thalamus are also 
observed in pilocarpine model.(17) 

Therefore, the aim of this study 
was to evaluate the level of Hsp70 in 
the rat hippocampus following 
pilocarpine induced seizure in normo- 
and hyperglycemic rat and its relation 
to glutamate and GABA level. 

 
MATERIAL & METHODS 

 
Animals 

Forty adult male albino rats 
weighing 150-180 g, were utilized in 
this study. They were housed in cages 
under standard laboratory conditions 
(temperature 23±2 ˚C) and light-
controlled (lights on from 7.00am to 
7.00pm) 

They were given food and water 
ad libitum. All the protocols followed 
in this study were approved by the 
University Committee of Medical 
Ethics  
They were divided into two main 
experimental groups, 20 rats per each: 
-Group I: induction of seizures in 
normal rats; 
Ia: 10 control rats were injected with 
intraperitoneal saline. 
Ib: 10 rats were injected with 
pilocarpine for seizure induction as 
described below.  
Group II: induction of seizures in 
diabetic rats; 
20 rats were rendered diabetic by the 
injection of streptozotocin, as 

described below. Then they were 
subdivided into 2 subgroups;  
Group II a: 10 diabetic rats were 
injected with intraperitoneal (ip) 
saline. 
Group II b: 10 diabetic rats were 
injected with ip pilocarpine 30 days 
after STZ administration. 
Seizure induction in rats: 

Rats were pretreated with i.p. 
injection of atropine sulphate 
(1mg/kg) an anticholinergic agent, 20 
minutes prior to induction of seizures 
by cholinergic agents pilocarpine 
(310-320mg/kg,ip, Boheringer- 
Germany) to abolish the undesirable 
peripheral cholinergic effects.(14) 
Control rats were given an equal 
volume of saline. Rats were observed 
for behavioral evidence of seizures. 
Only rats displaying behavioral 
manifestation of seizures were 
included in the study. Behavioral 
seizures were scored previously by 
Racine(18) scale modified by Pinel and 
Rovner(19) 0 = immobility, 1 = facial 
automatisms, 2 = head myoclonus,  3 
= forelimb myoclonus , 4 = rearing , 5 
= falling ,6 = more than three falls, 7 
= wild running, 8 = tonic–clonic 
seizures. 

About 20% of pilocarpine treated 
rats died after induction of seizures. 
Seizures were terminated by diazepam 
(10 mg/kg,ip) as required depending 
on the response of the rat to 
pilocarpine injection.(20) 6-8 h 
following pilocarpine administration, 
blood was withdrawn from abdominal 
aorta under ether anesthesia; brains 
were removed quickly, dissected for 
removal of the hippocampi bilaterally 
and frozen on dry ice. The dissected 
brain were weighed, homogenized and 
stored for further assessment. 
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Induction of diabetes in rats 
Diabetes mellitus was induced in 

rats by a single intraperitoneal 
injection of STZ (Sigma, Germany) 
freshly dissolved in cold 0.1 M  citrate 
buffer, pH 4.5 at a dose of 45 mg/kg 
BW.(21) Glucose (5%) was given for 
two days After STZ injection.(22) 

Two days after STZ treatment, 
development of diabetes was 
confirmed by measuring blood 
glucose levels in blood samples taken 
from tail vein. Blood glucose level 
was estimated weekly till the end of 
the experimental period (one 
month).(12) Rats with non-fasting 
blood glucose levels of 300 mg/dl or 
higher were considered to be 
diabetic.(23)  
Hsp70 by ELISA: 

Heat shock protein 70 in rat brain 
extract was measured using Assay 
Design Stressgen Hsp70 ELISA 
which is quantitative sandwich 
immunoassay.(24) 
Sample preparation: 

Approximately 0.5 cm3 piece of 
hippocampus was homogenized in 1 
ml of extraction buffer provided by 
the kit supplemented with 1 g/ml 
aprotinin (a protease inhibitor). After 
centrifugation at 21.000 g for 10 
minutes, the supernatant was used to 
estimate protein by Lowry method (25) 
the rest was diluted by the sample 
diluent provided by the kit in the 
ration of 1:4 and used in the assay 
procedure. Hsp70was expressed as 
ng/mg protein. 
GABA and glutamate level by high 
performance liquid chromato-
graphy – Electrochemical detector 
(HPLC- ECD). 
Tissue preparation 

The brain was rapidly removed 
from the cranium and dissected out on 
an ice-cold plate as previously 

described(26). Hippocampi were 
removed, weighed and placed in 
microcentrifuge tubes, which 
contained 1ml of chilled 
homogenisation buffer (0.1M citric 
acid, 0.1M sodium dihydrogen 
phosphate monohydrate, 5.6mM 
octane sulfonic acid, 10_m EDTA in 
10% (v/v) methanol solution, pH 2.8 
with 4M NAOH). Each sample was 
centrifuged at 14,000 rpm for 15 min 
at 4Cº and the supernatant stored at 
−80Cº until derivatisation for 
GABA/glutamate analysis.(27) 

Small aliphatic amino acids, such 
as glutamate and -amino-butyric acid 
(GABA) are not naturally 
electroactive and do not possess 
fluorescent or strong UV absorbance 
characteristics, rendering their 
analysis by HPLC problematic. 
Precolumn derivatisation can 
overcome this drawback and a variety 
of reagents have been used for this 
purpose.(28) One of the most 
commonly used derivatising agents is 
o-phthalaldehyde (OPA) which reacts 
with primary amines in the presence 
of a thiol and generates derivatives 
which are both electroactive and 
fluorescent.(29) This procedure 
determined the level of GABA and 
glutamate following its derivatization 
with OPA by the modified method of 
Allison et al.(30) 

GABA and glutamate were 
identified by their characteristic 
retention times as determined by 
standard injections which were run at 
regular intervals during sample 
analysis. Sample peak heights were 
measured and compared with standard 
injections in order to quantify the 
amino acids. 
Statistical analysis 

Data are presented as mean + S.D. 
Data analysis was performed using 
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SPSS version 10 computer software. 
ANOVA (F) test followed by least 
significant difference (LSD) was 
performed to compare variables 
between different corresponding 
groups. Significance was set at 
P<0.05.  

 
RESULTS 

 
Pilocarpine injection induced 

behavioral seizure in all rats; however, 
seizure severity was variable among 
the groups. In normo-glycemic rats, 
seizure score was varied from 2 to 3.  
However, hyperglycemic rats showed 
severe behavioral changes with high 
seizure scores 4 to 6. To end or limit 
behavioral seizures induced by 
pilocarpine, diazepam (10 mg/kg, i.p.) 
was administered.  

Blood glucose level (BGL) was 
increased significantly after STZ 
injection in groups IIa and IIb 
compared to the other groups. 

Hsp70 was significantly increased 
after induction of seizure by 
pilocarpine in group Ib, its level was 
significantly high compared to the 
other groups. Hyperglycemia alone 
was not associated with significant 

change in Hsp70 level in group IIa 
compared to control. No significant 
difference in Hsp70 was found 
between hyperglycemic rats with and 
without seizure induction. (Table I) 
(Fig.1a, b) 

There was no significant change in 
glutamate level after pilocarpine 
administration in group Ib. However, 
pilocarpine administration in 
hyperglycemic rats was associated 
with significant increase in glutamate 
level in group IIb compared to the 
other groups. Hyperglycemia alone 
was not associated with change in 
glutamate concentration in group IIa 
compared to control. 

Similarly, GABA concentration 
was not changed significantly after 
seizure induction in group Ib 
compared to control. Hyperglycemic 
rats, on the other hand, showed 
significant decrease in GABA level 
after pilocarpine administration in 
group IIb compared to the control 
group. Hyperglycemia alone was not 
associated with significant change in 
GABA concentration in group IIa 
compared to control. (Table II) 
(Fig.2a,b)

 
Table I: Blood glucose level (BGL) in mg/dl and heat shock protein70 (Hsp 70) in 
ng/mg protein in the studied groups. 
 

Parameter 
Group I Group II 

F p 
Group Ia Group Ib Group II a Group II b 

BGL (mg/dl) 
Range 
mean±S.D 

 
80-112 

95.4±10.7a 

 
80-112 

94.2±10.8a 

 
400-500 

444±31.3b 

 
400-450 

430±15.8b 

 
 

107.16 

 
 
0.0001* 

Hsp70 (ng/mg 
protein) 

Range 
mean±S.D 

 
 

2.45-3.59 
2.94±0.5a 

 
 

4.13-6.83 
5.84±1.2b 

 
 

1.6-4.7 
2.833±0.9a 

 
 

2.01-3.9 
2.89±0.6a 

 
 
 

32.83 

 
 
 
0.0001* 

 Same letter means no significant difference. 
* Means significant. 
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Table II: Brain glutamate (µg/g tissue) and -amino-butyric acid (GABA) (µg/g 
tissue) levels in the studied groups. 
 

Parameters 
Group I Group II 

F p 
Group Ia Group Ib Group IIa Group IIb 

Glutamate 
(g/g tissue) 

Range 
mean±S.D 

 
 

1850-1891 
1878.2±13.8a 

 
 

1800-1920 
1886±32.3a 

 
 

1865-1890 
1878.3±9.2a 

 
 

1880-2000 
1942.4±46.9 b 

 
 
 

10.93 

 
 
 
0.0021* 

GABA  (g/g 
tissue) 

Range 
mean±S.D 

 
 

220-239 
233±6.7a 

 
 

210-240 
224.6±10.8a 

 
 

220-241 
231.6±6.1a 

 
 

185-201 
193.2±6.2b 

 
 
 

58.72 

 
 
 
0.00001* 

Same letter means no significant difference. 
* Means significant. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The same letter meanss no significant difference. 
 
 

(Fig.1b)HSP70(ng/mg protin) in the 
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0

2

4

6

8

Group .Ia Group.Ib Group.IIa Group.IIbH
S

P
70

(n
g/

m
g 

pr
ot

ie
n)

(Fig.2b)GABA (ug/g tissue) in the 
studied groups

0

100

200

300

Group .Ia Group.Ib Group.IIa Group.IIb

G
A

B
A

(u
g/

g 
tis

su
e)

(Fig.1a)Blood gloucose level (mg/dl) 
in the studied groups

0
100
200
300
400
500

Group .Ia Group.Ib Group.IIa Group.IIb

B
lo

o
d

 g
lo

c
o

s
e

 l
e

v
e

l 
(m

g
/d

l)

a a 

b 
b

b 
a a a 

b

a a a 

(Fig.2a)Glutamate (ug/g tissue) in the 
studied groups

1500

1700

1900

Group .Ia Group.Ib Group.IIa Group.IIbG
lu

ta
m

at
e(

ug
/g

 ti
ss

ue
)

a  a  a  
b



 
 
Bull. Egypt. Soc. Physiol. Sci. 28 (1) 2008                                       Dief & Abou-Heif 

 
343

DISCUSSION 
 
Heat shock proteins (HSPs) are the 

major molecular chaperones whose 
function is to mediate the proper 
folding of other proteins and to ensure 
that these proteins maintain their 
native conformations during 
conditions of stress. In addition, HSPs 
are required for protein trafficking to 
target organelles and to facilitate the 
transfer of misfolded proteins to the 
proteasome for degradation(31,8) 
Neurons are particularly vulnerable to 
the detrimental effects of misfolded 
and/or aggregated proteins because 
they cannot dilute potentially toxic 
species through cell division; hence, 
misfolded proteins accumulate in 
neurons during stress.(32) However, the 
protective role of Hsp70 against 
various cerebral insults has been 
debated.(8) 

The current study had 
demonstrated that pilocarpine 
administration for seizure induction 
resulted in increased level of Hsp70 in 
the hippocampus within 6 hours of 
pilocarpine application. The induction 
of Hsp70 in the present study was 
reflected by lower behavioural 
manifestations of seizures according 
to Racine and Pinel & Rovner 
scale(18,19) indicating significant 
protection. The protective role of 
Hsp70 was reported by several 
researchers.(33,34) Yenari et al.(33) had 
studied Hsp70 expression in a model 
of experimental epilepsy; they 
demonstrated that Hsp70 was 
expressed diffusely within the brain 
particularly within the cortical and 
hippocampal neurons. Protein 
expression has been observed to be 
especially prominent within brain 

regions known to be resistant to 
injury, whereas less expression was 
seen in degenerating neurons. They 
assumed that Hsp70 may be 
responsible for the observed 
resistance. In contrast, other data 
suggested that Hsp70 is expressed in 
vulnerable cell populations or is 
expressed regardless of the fate of the 
cell. Therefore, Hsp70 may be capable 
of rescuing injured cells provided that 
protein has been translated.(34) 

Moreover, Yang et al(8) had 
reported that Hsp70 was not detected 
in dying neurons in rat hippocampus 
after Kainic acid induced seizures. 
Therefore, they concluded that Hsp70 
expression is induced in vulnerable 
neurons at the beginning of 
epileptogenesis, whereas, the failure 
for its detection at late stage is mainly 
due to increased extent of neuronal 
death. Hsp70 expression can be a 
useful indicator of the localization of 
stressed neurons. 

The protection offered by Hsp70 
may be mediated by one or more of 
the many activities ascribed to Hsp70, 
including refolding denatured proteins 
and preventing unfolded and damaged 
proteins from aggregating, or by a 
direct anti-apoptotic and anti-
inflammatory mechanism.(7) The 
protection offered by Hsp70 was 
evidenced in this study by the 
occurrence of low seizure score as 
well as non significant changes in 
glutamate or GABA level. 

However, Hsp70 is not protective 
in all instances. Fink et al.(35) showed 
that Hsp70 overexpression protected 
cultured hippocampal neurons from 
severe heat shock but failed to protect 
against direct application of glutamate 
or mitochondrial toxins. Wagstaff et 



 
 
Bull. Egypt. Soc. Physiol. Sci. 28 (1) 2008                                       Dief & Abou-Heif 

 
344

al.(36) showed that Hsp70 
overexpression protected cultured 
peripheral neurons from thermal and 
stimulated ischemia, but not apoptotic 
stimuli. These results suggest that 
Hsp70 protect against some but not all 
kinds of central nervous system 
injury, and that the protective effect 
may be related to the nature and 
severity of the insults as well as the 
type and age of the cell. 

Alteration of neurotransmitter 
(NT) levels has been attributable to 
the development of excitotoxicity and 
seizures. Glutamate excitotoxicity has 
been implicated as a factor in neuronal 
injury following seizures. Current 
results demonstrated mild increase in 
glutamate after seizure induction 
which was insignificant compared to 
the control. Therefore, Hsp70 can 
protect against excitotoxic insult. This 
finding was in accordance with 
Tanaka et al.(37) who reported that 
elevated level of extracellular 
glutamate has not been demonstrated 
in the brain during seizure in 
experimental animals.  

Imbalances between excitatory and 
inhibitory synaptic transmission in 
key brain areas such as hippocampus 
are implicated in the pathophysiology 
of temporal lobe epilepsy (TLE), in 
which fast synaptic excitatory 
neurotransmission is mediated via 
activation of ionotropic glutamate 
receptors like NMDA receptors. Khan 
et al(38) revealed a decrease in 
glutamate receptor binding in the 
hippocampus of epileptic rats, as 
compared with control rats, without 
any change in affinity. This decreased 
receptor binding in the hippocampus 
is suggested to be due to the 
hyperexcitability caused by glutamate 

release in the initiation of seizures. 
Glutamate is supposed to exert its 
excitatory action via the NMDA 
receptors. However, in temporal lobe 
epilepsy, NMDA mRNA gene 
expression specifically in hippocampus 
was found to be increased, decreased, 
or unchanged.(39,40) 

Induction of diabetes using STZ 
resulted in significant modifications of 
cellular proteins and may be followed 
by structural alteration of these 
proteins. Therefore, the expression of 
molecular chaperones, which are 
required to maintain the integrity of 
protein structure, may be altered 
during the course of diabetes with 
impairment in the cytoprotective 
ability of diabetic rat.(12) 

The current work demonstrated 
significant decrease of Hsp70 
expression in STZ treated rats. 
Exposure of diabetic rats to another 
stressful injury as seizure was not 
associated with significant increase in 
the expression of Hsp70. Therefore, 
presences of diabetes suppressed the 
expression of Hsp70 in the brain and 
make the neurons more vulnerable to 
injury as observed by severe attacks of 
seizure in hyperglycemic rats treated 
with pilocarpine, as well as significant 
alteration in NT level. 

This finding was supported by 
several authors, who reported 
decreased Hsp level in animal models 
of diabetes, in human subjects with 
diabetes and in people with just 
insulin resistance. They attributed the 
development of diabetic complications 
to low Hsp70. Therefore, therapy has 
been developed which directed at 
raising Hsp70 to limit the development 
of diabetic complications.(41,42) It was 
reported that  hyperglycemia was 
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associated with reduction of Hsp70 
expression in the liver but not in the 
brain, pancrease and adrenal gland 
following administration of STZ.(12) 
Atalay et al.(11) had evidenced that 
diabetes decreased overall levels of 
Hsp72 in heart, liver, and vastus 
lateralis muscle. On the other hand, 
Muranyi et al.(43) reported that 
hyperglycemic ischemia upregulated 
the expressions of Hsp70, Hsp90A 
and Hsp90B; therefore, they 
concluded that hyperglycemia 
associated brain damage is not 
mediated by the suppression of 
Hsp70. 

Chen et al,(44) had evidenced that 
insulin could increase the expression 
of Hsp60 in cardiac muscle, and 
insulin deficiency led to reduced 
expression of Hsp60 in myocardium 
of STZ induced diabetic rats. They 
suggested that insulin deficiency or 
inadequate insulin action may be the 
underlying mechanism leading to 
downregulation of Hsp60 in cardiac 
muscle, which contributes to 
decreased IGF-1 receptor signaling 
and reduced myocardial protection.  
Therefore, further studies are needed 
to clarify the involvement of stress 
proteins in diabetic disease. 

DM, on the other hand, can 
modify the level of free amino acids 
and accumulation of NT. The current 
study showed increase in glutamate 
and decrease in GABA concentration 
in hippocampaus of hyperglycemic 
rats treated with pilocarpine, such 
changes in the NT level was 
associated with high scores of seizures 
after pilocarpine administration. This 
finding was supported by Li et al.(45), 
who studied the effect of cerebral 
ischemia as stressful insult in 

hyperglycemic rats and they reported 
an increased accumulation of 
extracellular glutamate in the 
neocortex submitted to hyperglycemic 
ischemia, which was correlated with 
the cell damage observed. Guyot et 
al(46), on the other hand, had reported 
that, chronic state of hyperglycemia 
results in reduction in extracellular 
brain glutamate levels during 
ischemia/reperfusion and therefore 
does not appear to be responsible for 
the increased neuronal damage seen in 
diabetic stroke. Moreover, chronic 
hyperglycemia causes decreased 
extracellular gamma-aminobutyric 
acid levels, therefore, loss of the 
inhibitory effects of this 
neurotransmitter, could contribute to 
the increased damage observed in 
hyperglycemic stroke. 

On the other hand, in the current 
study, hyperglycemia alone was not 
associated with significant change in 
glutamate or GABA level. This 
observation was in accordance with 
Duarte et al,(47) who reported that DM 
has no effect on GABA and glutamate 
transport. Moreover, Morrison et al(48), 
reported that streptozotocin-induced 
diabetes (type 1 diabetes model) does 
not change the transport mechanism 
or the receptor sensitivity to GABA.  

This finding was partly disagreed 
by Vilchis and Salceda(49) who 
reported an increase in GABA uptake, 
whereas glutamate uptake remained 
unaffected in diabetic rat retina.  

The controversial observations 
reported by some authors on 
alterations in brain amino acid 
transport using diabetic rats may be 
related to the diabetic model or to the 
experimental approach used. Diabetes 
is associated with decrease in the 
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synaptosomal transmembrane gradient 
and decrease in ATP. The decrease in 
ATP production is a hallmark of a 
disturbance in glucose metabolism, 
which could be partially balanced by 
the use of endogenous brain 
substrates, such as glutamate and fatty 
acids.(50) Synaptosomal uptake of 
neurotransmitters is an energy-
dependent process that requires the 
integrity of membrane systems and 
functional mitochondria.(47) 

In conclusion, the results showed 
that Hsp70 is increased in rat 
hippocampus following administration 
of pilocarpine and occurrence of 
experimental seizures which is 
considered stressful to the neurons, 
Hsp70 can induce protection of the 
neurons as evidenced by low seizure 
score and non significant alteration in 
glutamate and GABA level. 
Hyperglycemia is associated with 
impairment of Hsp70 expression; 
therefore, the neurons were more 
vulnerable to the damaging effect of 
pilocarpine as showed in severe 
seizure attacks and significant changes 
in NT level. 
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فى مخ الفئران الطبيعية و المصابة بمرض  ٧٠دور بروتين الصدمة الحرارية 
 شنجات و علاقته بالنواقل العصبيةالسكرى بعد نوبة الت

 
  ھالة محمود إبراھيم ابو ھيف،  عبير الإمام ضيف

  جامعة الأسكندرية  - كليـــة الطــب  - قسم الفسيولوجى
   

قائيѧѧا فѧѧى الخلايѧѧا العصѧѧبية و لكѧѧن مѧѧدى قدرتѧѧه علѧѧى دورا و ٧٠يلعѧѧب بѧѧروتين الصѧѧدمة الحراريѧѧة 
تھدف ھذه الدراسة . حماية الخلايا اثناء التشنجات و كذلك عند حدوث مرض السكرى مازال غير مؤكد

بѧѧروتين الصѧѧدمة الѧѧى دراسѧѧة تѧѧأثير حقѧѧن الفئѧѧران بعقѧѧار البيلوكѧѧاربين  لاحѧѧداث تشѧѧنجات علѧѧى مسѧѧتوى  
ن الطبيعية و المصابة بالسكرى ومѧدى تѧرابط ذلѧك مѧع مسѧتوى فى قرن امون  بمخ الفئرا ٧٠الحرارية 

 ٤٠اجريѧت ھѧذه الدراسѧة علѧى . بعض النواقل العصبية مثل حمض جابѧا أمينѧو بيوتريѧك و الجلوتامѧات
المجموعѧة . فѧأرا٢٠فأرا البينو من الذكور البالغة مقسمة الى مجموعتين رئيسيتين تشتمل كل منھا على 

المجموعةالفرعيѧة : الصرع فى الفئران الطبيعية وتم تقسѧيمھا إلѧى مجمѧوعتينإحداث : الرئيسية الاولى 
حيѧث تѧم حقѧن  ٢وھى المجموعة الضابطة حيث تѧم حقѧن الفئѧران بمحلѧول ملѧح و المجموعةالفرعيѧة  ١

و تتضѧمن : المجموعѧة الرئيسѧية الثانيѧة). كجم بالبرتنويم/مجم ٣٢٠-٣١٠(البيلوكاربين  الفئران بعقار  
تم حقنھم بعقѧار الستربتوسوتوسѧين لحѧث السѧكرى مѧع قيѧاس نسѧبة السѧكر بالѧدم للتأكѧد مѧن  عشرين فأرا

و ھѧѧى مكونѧѧة مѧѧن عشѧѧرة  ١المجموعةالفرعيѧѧة : . حѧѧدوث السѧѧكرى ثѧѧم قسѧѧموا إلѧѧى مجمѧѧوعتين فѧѧرعيتين
مكونѧة مѧن عشѧرة فئѧران  وھѧى ٢المجموعةالفرعيѧة : فئران مصابة بالسكرى مѧع حقѧنھم بمحلѧول ملѧح 

و فѧى نھايѧة .  ى مع اعطاؤھم عقار البيلوكاربين لحѧث التشѧنجات بѧنفس الجرعѧة السѧابقةمصابة بالسكر
مسѧѧتوى  الفتѧѧرة التجريبيѧѧة تѧѧم قتѧѧل الفئѧѧران و أخѧѧذ المѧѧخ و تشѧѧريحه لاسѧѧتخراج قѧѧرن امѧѧون بѧѧالمخ لقيѧѧاس 

أظھѧѧرت ھѧѧذه . و مسѧѧتوى حمѧѧض جابѧѧا أمينѧѧو بيوتريѧѧك و الجلوتامѧѧات  ٧٠بѧѧروتين الصѧѧدمة الحراريѧѧة 
فѧى قѧرن امѧون بѧالمخ بعѧد  ٧٠زيادة  ذو دلالة احصائية فى مستوى بروتين الصدمة الحراريѧة الدراسة 

كما تبين أن إرتفاع نسبة السكر بالدم لم تؤثر فѧى مسѧتوى بѧروتين الصѧدمة الحراريѧة . التشنجات المحثة
و  حمѧѧض جابѧѧا أميتѧѧو بيوتريѧѧك(أمѧѧا معѧѧدلات النواقѧѧل العصѧѧبية . مѧѧع أو بѧѧدون التشѧѧنجات المحثѧѧة  ٧٠

لѧم تتغيѧر تغيѧرا ذو دلالѧة احصѧائية بعѧѧد التشѧنجات المحثѧة و لكѧن عنѧد حѧث التشѧنجات فѧѧى ) الجلوتامѧات
الفئران المصابة بالسكرى زادت نسبة الجلوتامات زيادة ذو دلالة احصائية و كѧذلك قѧل مسѧتوى حمѧض 

ة احصѧائية  علѧى بالاضѧافة الѧى ذلѧك فѧإن السѧكرى وحѧده لѧم تѧؤثر تѧأثيرا ذو دلالѧ. جابا أمينѧو بيوتريѧك 
قد يلعب دورا وقائيا   ٧٠أثبتت الدراسة الحالية أن بروتين الصدمة الحرارية . معدلات النواقل العصبية

لحماية الخلايا العصبية اثناء حدوث التشنجات حيث تم الاستدلال على ذلك بعѧدم تغيѧر معѧدلات النواقѧل 
ا أثبتѧѧت الدراسѧѧة أيضѧѧا أن نسѧѧبة بѧѧروتين كمѧѧ. العصѧѧبية و كѧѧذلك الدرجѧѧة المنخفضѧѧة للتشѧѧنجات اكلينيكѧѧا

قد يقل نتيجة حدوث مرض السكرى مما يترتب عليه خلل فى قدرته علѧى حمايѧة  ٧٠الصدمة الحرارية 
  .      الخلايا العصبية

 


