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ABSTRACT 
Focal cerebral ischemia (Stroke) is the cessation or severe reduction of blood flow to an area of the brain that 
through activation of a complex cytotoxic cascade results in neuronal cell death. The present study was designed to 
examine the effects of post-ischemic treatment with aminoguanidine (AG) on cortical, striatal infarct volume as well 
as neurological dysfunctions. Rats (n=23) were allocated to sham, saline or AG (300 mg/kg)-treated groups.  
Ischemia was induced by 90 minutes middle cerebral artery occlusion, followed by 24 hrs reperfusion. Saline or AG 
was administered intraperitoneal at one hour after induction of ischemia. At the end of 24hrs reperfusion, 
neurological deficit score was tested and cortical, striatal infarct volumes were determined by Triphenyltetrazolium 
chloride staining.  Administration of AG (300 mg/kg) at one hours after ischemia resulted in a significantly lower 
cortical (85±25 vs. 210±13 mm3), striatal (35±5 vs. 58±10 mm3) infarct volumes, and neurological deficit score 
(1.88±0.23 vs. 2.67±0.21).  
Our findings indicate that aminoguanidine is a potent neuroprotective in rat model of transient focal cerebral 
ischemia. The future studies are required to clear cerebroprotective mechanism of aminoguanidine and possible use 
of this agent as a therapeutic target in stroke patients.   
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INTRODUCTION 
Aminoguanidine (AG) is a nontoxic small molecule 
currently under investigation for the treatment of 
diabetic nephropathy (1). In experimental studies, 
aminoguanidine was shown to prevent diabetic 
nephropathy (2), retinopathy (3) and neuropathy (4), as 
well as atherogenesis (5) and impairment of learning 
behavior and hippocampal long-term potentiation (6). 
Moreover, it prevents the formation of advanced 
glycation end products (AGEs), and inhibits inducible 
nitric oxide synthase and diamine oxidase (7). 
A number of studies using various designs and 
protocols have shown that AG is neuroprotective.  In 
one such studies (8) a protocol of 2 hrs ischemia and 94 
hrs reperfusion was used, and AG was give for 3 days 
starting 24 hrs after the onset of ischemia. The study 
showed that AG did reduce the infarct volume (8). A 
more recent study (9), which employed permanent 
ischemia protocol, used daily administrations of AG 
starting 24 hrs after ischemia and determined infarct 
volume at 48 or 96 hrs post ischemia. Results showed 
that AG did cause the reduction of infarct volume at 96, 
but not 48 hrs post ischemia. A fairly recent study (10) 
did use the protocol of 2 hrs ischemia and 48 and 72 hrs 
reperfusion, administered AG at 6, 24 and 48 hrs after  

the onset of ischemia, and determined the infarct 
volume at 46 and 70 hrs post ischemia. The study (10) 
revealed that AG did reduce the infarct volume in upper 
and lower cortex and caudate putamen significantly at 
70, but not 46, hrs post ischemia.   
As far as the literature is concerned, previously 
published reports did study the effects of late treatment 
with AG on neocortex or total cerebral infarct size have 
been studied mainly in permanent ischemia. However, 
effects of the early treatment with AG on cortical and 
striatal infarct volumes as well as neurological 
dysfunctions have not yet been investigated. Therefore, 
the present study was designed to investigate the effects 
of AG on these parameters in a rat model transient focal 
cerebral ischemia. 
 

MATERIALS AND METHODS 
 

Animals 
Experiments were performed in conformity with the 
university research council guidelines for conducting 
animal studies.  Male Sprague-Dawley rats (Razi 
institute, Shiraz, Iran) were housed in standard cages at 
a temperature of 22-24 ºC, humidity of 40-60% and 
light period o 07.00-19.00 hr controlled environment. 
Rats had free access to water and food pellets. 
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Instrumentation and surgical procedures  
Rats (285-350 g) were anesthetized with intraperitoneal 
(ip) injection of chloral hydrate (400 mg/kg).  Trachea 
was intubated through the mouth to prevent animal’s 
asphyxia and hypoxia. The right femoral artery 
cannulated for continuous recording of blood pressure 
and removal of blood samples for blood gas analysis. 
Afterwards, as reported previously (11), under an 
operation microscope, right common carotid artery 
(CCA) and external carotid artery (ECA) was exposed, 
and carefully dissected free from vagus nerve and 
surroundings. The internal carotid artery (ICA) was 
then dissected to the level petrigopalatine artery (PA).  
Then PA was ligated, a silk thread placed loosely 
around the ECA stump, and CCA and ICA were 
occluded temporarily with a microvascular clip.  A 
small incision was then made on ECA, and the Poly-L-
Lysine-coated nylon (3-0) thread was passed through it. 
While holding the thread around ECA tightly to prevent 
bleeding, the microvascular clip on ICA was removed, 
and the nylon thread carefully and slowly pushed 
forward through ICA. Depending on weight, an 
advance for 20-22 mm from CCA bifurcation placed the 
tip of nylon thread at the beginning of anterior cerebral 
artery, resulting in the occlusion of middle cerebral 
artery (MCA, Fig 1).  Rectal temperature was measured 
by a thermometer and maintained at 37±0.5ºC 
throughout the experiment by a heating lamp. 
 

Figure 1. Schematic representation of rat brain arteries and 
nylon thread used to make middle cerebral artery occlusion 
and induce of focal cerebral ischemia.  
LCCA= Left common carotid artery, RCCA= Right common 
carotid artery, ECA=External carotid artery, ICA=Internal 
carotid artery, PA= Pterygopalatine artery, MCA= Middle 
cerebral artery, BA=Basilar artery 

Experimental design  
Rats (n =23) were randomly assigned to three groups.  
The first group was a sham (n=6) receiving no vehicle 
or drug.  The second group (n=9) was MCA occluded 
rats receiving an ip injection (1ml/kg) of normal saline 
as the vehicle. The third group (n=8) was MCA 
occluded rats receiving an ip injection of 300 mg/kg 
AG (Sigma Chemicals, UK) after one hours of MCA 
occlusion, 30 minutes before the start of reperfusion 
phase. 
 

Experimental protocol 
All of the surgical procedures and blood sampling, 
except MCA occlusion, were performed on sham 
operated group. After recuperation from surgical stress, 
a measurement of blood pressure was made and a blood 
sample was withdrawn for the assessment of blood pH 
and gases. Ten minutes later, in the second and the third 
groups, ischemia phase (90 minutes) was induced by 
occluding MCA using intraluminal nylon thread 
method(11). One hour after initiation of ischemia phase, 
animals received saline (1 ml/kg, ip) or AG (300 mg/kg, 
ip). Ninety minutes after induction of ischemia, the 
reperfusion phase (24 hrs) was started by removal of the 
nylon thread from MCA. Ten minutes after the start of 
reperfusion phase, an arterial blood pressure was 
recorded and a blood sample was withdrawn for the 
measurement of blood glucose, pH and gases. Animals 
were kept in a warm place until recovered from 
anesthesia, then each one was kept in a single cage for 
24 hours reperfusion phase, after which neurological 
deficit test was performed. Animals were then 
sacrificed, and their brains collected for determination 
of infarct volumes. 
 

Evaluation of neurological deficits  
Evaluation of neurological deficits was performed using 
five point scoring system as described (12). 
Accordingly scoring were performed as follows; normal 
motor function = 0, flexion of contralateral torso or 
forelimb upon lifting by tail or failure to extend 
forepaw when suspend vertically = 1, circling to the 
contralateral side but have normal posture at rest = 2, 
loss of righting reflex = 3, and no spontaneous motor 
activity = 4. 
 

Measurement of infarct volume 
Rats’ brains were cleansed gently and immersed at 4 oC
cold saline for 5 minutes.  They were then sectioned 
coronally into six 2-mm thick slices using a Brain 
Matrix. Afterwards, slices were immersed in 2% 
Triphenyltetrazolium chloride solution (Sigma 
Chemicals, UK), and kept at 37oC in a water bath for 15 
minutes.  The slices were then transferred to 10% 
buffered formalin (Merck, Germany). Twenty-four hour 
later, slices were photographed using a digital camera 
connected to a computer (Cannon, Japan; Figure 2).  

Nylon thread 
ECA 

MCA

ACA 

ICA 

LCCA

PA

PCA 

R CCA

www.SID.ir



Arc
hi

ve
 o

f S
ID

Aminoguanidine and focal cerebral ischemia 33

Infarct areas were measured (in mm2) using an Image 
Analyzer Software (NIH Image Analyzer). The infarct 
volume (mm3) of each slice was calculated by 
multiplying infarct area and its thickness (2-mm). The 
total infarct volume of each brain was then calculated as 
the sum of the infarct volumes of the six brain slices.  
Since brain edema might significantly affect the 
accuracy of infarct estimation (13, 14), the infarct 
volumes were corrected for brain edema using the 
following formula (13):  
Corrected infarct volume = Left hemisphere volume 
(non-ischemic hemisphere) – (Right hemisphere volume 
(ischemic hemisphere) – Measured infarct volume).  
 
Statistical analysis 
Data are presented as Mean±SEM.  Infarct volumes 
were compared using Student’s t-test. Neurological 
deficit scores and physiological parameters such as 
MAP, PaCO2, PaO2, blood pH and glucose levels were 
analyzed using Mann-Whitney Rank Sum Test. 
Statistical significance was set at  P < 0.05. 

 
RESULTS 

There were no significant differences between 
physiological variables, including MAP, PaCO2, PaO2,
blood pH and glucose levels from rats subjected to 
sham-operation, MCAO receiving saline or AG (table 
1).  The sham-operated rats did not have cortical or 
striatal infarct volumes (Fig 2A), whereas in saline-
treated group these volumes were 210±13 mm3 and 
58±10 mm3, respectively (Fig 2B). Relative to vehicle-
treated group, the AG-treated group had a significantly 
lower cortical (85±25 mm3) and striatal (35±5 mm3)
infarct volumes (Fig 3A and 3B). 
While the neurological deficit scores of sham-operated 
rats was zero, in AG–treated group this score (Fig 3C) 
was 1.88±0.23, which was significantly lower than that 
of saline-treated group (2.67 ± 0.21). 
 

DISCUSSION 
The aim of this study was to evaluate the neuro-
protective effects of AG on the early stage ischemic 
damage and neurological deficit in a rat model of 
transient focal cerebral ischemia. Transient focal 
cerebral ischemia of the MCA was induced in rat by an 
intraluminal filament, a 
reliable and highly reproducible method which is 
routinely used in our laboratory (11) 
We found that treatment with AG, given one hour after 
induction of ischemia, resulted in reductions of 60% 
and 40% in cortical and striatal infarct volumes, 
respectively. This finding is in agreement with previous 
observations that AG significantly reduced infarct 
volume when given at 60 minutes (88%) and 120 
minutes (85%) after permanent focal cerebral ischemia 
in rat (15).  

The protective effect of AG in this study cannot be 
related to changes in arterial pressure, blood gases, 
rectal temperature, since these parameters which were 
carefully monitored were not significantly different 
among the three groups. Moreover, the protection 
exerted by AG cannot be related to its effects on 
cerebral blood flow because previous study has 
demonstrated that AG does not affect resting cerebral 
blood flow (16). Moreover, it is shown that AG 
partially inhibits the inducible isoform of Nitric Oxide 
Synthase (iNOS),  and by this maechanism might have 
neuroprotection action.(17) However, it is unlikely that 
the reduction in the infarct size by AG was related to 
iNOS inhibition in this study, because, it has been 
demonstrated that iNOS expression does not increase 
during the first 24 hours after the onset of ischemia 
(18). In this study, aminoguanidine was administered 
one hour after initiation of ischemia and infarct volume 
was measured 24 hours after ischemia, before iNOS 
protein was increased. Thus, it is likely that the 
observed neuroprotective effects of AG in this study is 
related to other effects of AG.  
Another likely mechanism of neuroprotective actions of 
AG might be its free radical scavenging or antioxidant 
capabilities.  In vitro studies have demonstrated that AG 
scavenges free radicals such as H2O2 and peroxynitrite 
in vitro (19), and prevents formation of hydroxyl radical 
and inhibits peroxidation of lipids and oxidant-induced 
apoptosis (20). Since, free radicals and apoptosis are 
believed to play an important role in brain ischemic 
injuries (21, 22), some of the neuroprotective effects of 
AG might be justified. 
Moreover, part of neuroprotection offered by AG might 
also be related to its ability to inhibit diamine oxidase 
(15), an enzyme that participates in the degradation of 
histamine and polyamines (23). The terminal oxidative 
deamination of polyamines by diamine oxidase leads to 
production of toxic aldehydes (23), which could 
potentially contribute to cerebral ischemic damage. 
Because increased polyamine synthesis and degradation 
begins early after an ischemic insult (24), it is likely 
that inhibition of diamine oxidase contributes to the 
protective effect of AG.  
Another mechanism by which AG caused neuro-
protection might be inhibition of polyamine oxidase 
(PAO).  The inhibition of this enzyme caused reduction 
of a toxic by-product, 3-aminopropanal which results in 
neuroprotection of ischemic brain damage (25). 
It was also shown that administration of AG 
significantly improved neurological deficits after 90 
min ischemia and 24 hours reperfusion in rat. More 
importantly, in the present study a relationship between 
the decreased brain damage and improvements of 
neurological deficits that associated with MCA 
occlusion was demonstrated. Although, there is no 
information about the early effect AG treatment on the 
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Table 1. Values are mean ± SEM. Mean arterial pressure (MAP, mmHg), pH, PaCO2 (mmHg), PaO2 (mmHg) and Blood glucose 
(BG, mg/dl) in sham-group, and rats with middle cerebral artery occlusion receiving 1 ml/kg normal saline or 300 mg/kg 
aminoguanidine(AG) at 10 minutes before and 10 minutes after middle cerebral artery occlusion. 

10 min before MCAO 10 min after MCAO 
Variables 

 
Sham 

Saline AG Saline AG 

PH 7.35± 0.02 7.34± 0.03 7.28 ± 0.0 2 7.30 ± 0.04 7.26 ± 0.0 3 
PaCO2 35±6 36 ± 7 40 ± 2 36 ± 3 38 ± 5 
PaO2 78±7 82 ± 4 79 ± 3 78 ± 6 80 ± 20 
MAP 94±5 91± 7 97 ± 7 90 ± 9 90 ± 4 

(BG, mg/dl) 151±12 213 ± 19 192 ± 26 197 ± 17 160 ± 24 

Figure 2. Photographs illustrating the Coronal sections of rat brain with TTC staining, after 90 min MCAO and 24 hours 
reperfusion, in which red color is normal area and white color is infarct area. Colorless region corresponds to occluded MCA 
territory. A. Sham group, B. Saline-treated group and C. AG - treated group. 
 

Figure 3. A. Cortical infarct volume, B. Striatal Infarct volume and C. neurological deficit score of rats receiving saline or AG at 
dose 300 mg/kg at 60 min after ischemia.  Values are mean ± SE for each group. * denotes significant difference from saline 
group (p<0.05) 
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neurological deficits but  delayed treatment with AG, 
24 hours after ischemia, led to significant improvement 
in neurological deficits as well as adecrease in cerebral 
infarct volume under  permanent  MCA occlusion  (9).  
In conclusion, present study shows that aminoguanidine 
has protective effects in rat model of focal transient 
cerebral ischemia induced by occlusion of middle 
cerebral artery. These findings should be taken as an 
evidence supporting validity of aminoguanidine as a 
therapeutic potential in the early stages of cerebral 
ischemia. Therefore, more experimental and clinical 
studies are required to elucidate the cerebroprotective 

mechanisms and likely therapeutic indications of 
aminoguanidine. 
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