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Summary 
 

Background: During cerebral ischemia reperfusion injury, oxidative stress leads to 
excitotoxicity, blood brain barrier dysfunction and inflammation. This study was designed to 
evaluate possible protective effects of low dose methotrexate on cerebral transient ischemia 
reperfusion injury in rat. 
Methods: Except CONTROL group, temporary aneurysm clips were performed to both 
common carotid arteries of rats for duration of 30 minutes. Four hours later, except 
CONTROL and SHAM groups, methotrexate (1.25 mg/kg/day) was administered 
intraperitoneally. Seventy two hours later, animals of CONTROL, MTX-A and SHAM-A 
group; and ten days later animals of MTX-C and SHAM-C group were sacrificed and 
hippocampal pyknotic neuronal cell count results and tissue lipid peroxidation (LPO) values 
were analyzed statistically. 
Results: Pyknotic cell count values of CONTROL group were lower than SHAM-A, SHAM-
C, MTX-A and MTX-C group values. Cell count values of SHAM-A and MTX-A group were 
higher than SHAM-C and MTX-C values, respectively. LPO values of CONTROL group 
were lower than SHAM-A and MTX-A values, but not different from MTX-C and SHAM-C 
values. LPO values of MTX-A group higher than MTX-C group values. 
Conclusion: Cell count values and LPO values demonstrated that low dose methotrexate 
could not prevent neuronal cells from destructive effects of transient ischemia reperfusion 
injury in rat. 
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Düşük Doz Metotreksatın Ratlarda Serebral İskemi Reperfüzyon Üzerine Olan Etkileri 
 

Özet 
 

Amaç: Serebral iskemi reperfüzyon yaralanmalarında oluşan oksidatif stress 
eksitotoksisiteye, kan-beyin bariyerinde bozulmaya ve inflamasyon süreçlerinin oluşmasına 
neden olur. Bu çalışmada ratlarda oluşturulan hipoksi reperfüzyon yaralanmasında düşük doz 
metotreksatın olası koruyucu etkileri araştırılmıştır. 
Yöntem ve Gereç: Serebral iskemi reperfüzyon yaralanması oluşturmak amacıyla 
KONTROL grubu haricindeki tüm deney hayvanlarının (N=30) iki taraflı karotis arterlerine 
30 dakika süreyle geçici anevrizma klibi konulmuştur. Yaralanmadan 4 saat sonra 
KONTROL ve SHAM grubu haricindeki hayvanlara intraperitoneal düşük doz metotreksat 
(1.25 mg/kg/gün) verilmiştir. Takiben 72 saatin sonunda KONTROL (N=6), MTX-A (N=8) 
ve SHAM-A (N=6) grubundaki hayvanlara ve 10 günün sonunda MTX-C (N=8) ve SHAM-C 
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(N=8) grubundaki hayvanlara ötenazi uygulanıp beyin dokuları çıkarılmış; hipokampustaki 
dejenere (piknotik) nöron hücre sayıları ve dokulardaki lipid peroksidasyon (LPO) düzeyleri 
istatistiksel analize tabi tulmuştur. 
Bulgular: KONTROL grubunun piknotik nöron sayılarının SHAM-A, SHAM-C, MTX-A ve 
MTX-C gruplarınınkinden düşük olduğu saptanmıştır. Öte yandan SHAM-A ve MTX-A 
grubuna ait sayım değerlerinin sırası ile SHAM-C ve MTX-C gruplarının değerlerine göre 
belirgin yüksek olduğu tespit edilmiştir. KONTROL grubunun LPO düzeylerinin SHAM-A 
and MTX-A gruplarından düşük ancak MTX-C ve SHAM-C gruplarının düzeyleri ile aynı 
olduğu bulunmuştur. Ayrıca, MTX-A grubunun LPO değerlerinin MTX-C grubuna göre daha 
yüksek olduğu da görülmüştür. 
Sonuç: Araştırmanın sonunda, düşük doz metotreksat tedavisinin ratların nöronal hücelerini 
serebral iskemi reperfüzyon yaralanmasının yıkıcı etkilerinden koruyamadığı gözlenmiştir. 
 

Anahtar Kelimeler: Düşük doz metotreksat, iskemi reperfüzyon yaralanması, lipid 
peroksidasyon, piknotik nöron  
 

INTRODUCTION 

Cerebrovascular diseases including 
ischemic stroke are associated with high 
morbidity and mortality worldwide. When 
the ischemia reperfusion injury occurs in 
the cerebral tissue, oxidative stress induced 
by ischemic cascades leads to 
excitotoxicity, blood brain barrier 
dysfunction and initiates post-ischemic 
inflammation(1). It also leads to enhanced 
generation of oxidants (such as superoxide 
and hydroxyl free radicals), and 
inflammatory mediators (such as 
interleukins (IL), tumor necrosis factor-
alpha (TNF-α), interferon gamma (IF-γ) by 
activation of the endothelial cells, 
microglia, leukocytes and fibroblasts that 
can contribute to stroke-related brain 
injury). Oxidants and hydrogen peroxide 
are neurotoxic agents and initiate the free 
radical-mediated fatty acid chain reactions 
(i.e. lipid peroxidation) located in neuronal 
cell membrane, essential cellular proteins 
and DNA(1,20). These reactions can destroy 
the neuronal cell membrane permeability 
and cause to decrease in membrane-bound 
Na⁺-K⁺ ATPase enzyme activity and alter 
protein synthesis. Thus, free radicals are 
important target for improving the outcome 
of the ischemic stroke today(24). On the 
other hand, recent reports demonstrate that 
adenosine receptors (A1, A2A, A2B, A3) 
are important targets in the treatment of 
stroke because extracellular adenosine 

concentrations increase dramatically soon 
after cerebral ischemia. It has been shown 
that adenosine receptors locate both on 
central nervous system cells and on 
leukocytes and their neuroprotective role 
through A1 receptor subtype during 
ischemia is accepted, but it is well known 
that the use of selective A1 agonist drugs is 
hampered by undesirable side effects such 
as sedation, bradycardia, and 
hypotension.(13,19) 

Recently, low dose methotrexate (MTX) 
which can inhibit lymphocyte proliferation 
in inflammation areas, and inhibit the 
destructive capacity of those leukocytes 
that do arrive at the inflamed site has been 
used to treatment the rheumatoid arthritis 
and other inflammatory diseases(4). 
Although, exact mechanism of its anti-
inflammatory action has not been 
understood clearly yet, low dose MTX 
promotes extracellular adenosine 
accumulation which has cytoprotective 
effects by inhibiting the generation of the 
toxic oxygen metabolites at inflammation 
areas. It may also decrease the adhesion of 
neutrophils to the endothelium and 
decrease the neutrophil (but not 
macrophage) leukotriene synthesis(3,6,8,15). 

With all these findings mentioned above, 
this preliminary study was designed to 
evaluate the possible protective effects of 
low dose MTX on the cerebral transient 
ischemia reperfusion injury in rat. 
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MATERIAL AND METHODS 

Materials:  

This experimental study was performed in 
accordance with the guidelines for the use 
of laboratory animal subjects in research 
set by the Ethical Committee of Ankara 
Education and Research Hospital, Ankara, 
Turkey (Date: 04.04.2013; Number: 0013). 

In clinical experience, low dose 
methotrexate is administered at dose of 15-
17.5 mg weekly to the patients with 
rheumatoid arthritis(4). In this study, 
methotrexate (Methotrexate DBL, Hospira 
Australia PYY Ltd., Mulgrave, Victoria, 
Australia) was administered to the rats at 
dose of 1.25 mg/ kg once a day 
intraperitoneally. The density of 
Methotrexate DBL is 25 mg/ ml and its 
intraperitoneal LD50 is 6 mg/ kg in rats. 

Except the CONTROL group (no surgical 
procedure was performed and no chemical 
material was infused; n: 6) 30 Wistar 
albino rats of 250-350 g weight were 
randomly divided into two main groups 
used for the acute stage investigation (72 
hours after the surgical procedures) and 
chronic stage investigation (10 days after 
the surgical procedures). 

1. The acute stage group divided into two 
groups randomly was listed as below: 

- SHAM-A group (no chemical material 
was infused after the surgical procedures; 
n: 6). 

- MTX-A group (low dose methotrexate 
was infused once-daily for 3 days after the 
surgical procedures; n: 8) 

2. The chronic stage group divided into 
two groups randomly was listed as below:  

- SHAM-C group (no chemical material 
was infused after the surgical procedures; 
n: 8). 

- MTX-C group (low dose methotrexate 
was infused once-daily for 7 days after the 
surgical procedures; n: 8) 

Anesthesia was performed with 
intraperitoneal administration of 40 mg/ kg 
ketamine HCl (Ketalar®; Pfizer Inc, USA), 
and 5 mg/ kg xylazine HCl (Rompun® %2; 
Bayer HealthCare AG, Germany). 

Methods:  

All animals were placed under sedation 
anesthesia with intraperitoneal ketamine 
HCl 40 mg/kg and xylazine HCl 6 mg/kg 
during spontaneous respiration at room 
temperature. Under an operating 
microscope, bifurcation of the right and 
left common carotid arteries were exposed 
through a midline neck incision, and after 
the vagus nerve dissection temporary 
aneurysm clips were attempted to both 
internal carotid arteries to constitute 
cerebral transient ischemia reperfusion 
injury for duration of 30 minutes (Figure 
1); and then carotid arteries were 
unclamped(9,20). After this procedure, all 
rats were removed from sedation 
anesthesia spontaneously under the 
blanket. Four hours later from the surgical 
procedure, except CONTROL and SHAM 
groups, 1.25 mg/ kg once a day 
intraperitoneal methotrexate was 
administered slowly (within 10 seconds). 
Seventy two hours later, all animals except 
those of the MTX-C and SHAM-C groups; 
and ten days later the remaining of the 
animals were re-sedated with 
intraperitoneal ketamine HCl 40 mg/kg and 
xylazine HCl 6 mg/kg for sacrification. For 
sacrification, the whole body blood of each 
rat was collected from the vena cava 
inferior; and then rats were decapitated 
(Figure 2, Figure 3) and all hippocampal 
formations of right hemispheres (i.e. 
parietal region) were dissected and stored 
in 10% buffered formaldehyde solution at 
room temperature for future 
histopathological examination. For 
biochemical examination, remaining part 
of right hemispheres (i.e. frontal region) 
were immediately stored at -30 0C in dry 
air. 
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Figure 1: Figure demonstrates the dissected (1A) and clipped (1B) both common carotid arteries of the rat. 

Figure 2: The macroscopic appearance of the whole cerebrum, and cerebellum of the rat following the acute 
stage of the ischemia reperfusion injury. 

Figure 3: The macroscopic appearance of the whole cerebrum, and cerebellum of the rat following the 
chronic stage of the ischemia reperfusion injury. 
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Histopathological Analysis:  

For histopathological examination, all 
tissue samples were fixated in 10% 
buffered formaldehyde and processed 
according to the routine light microscopic 
tissue processing technique. Serial sections 
of 5 micrometer thickness stained with 
haematoxylene-eosin (H&E) were 
examined and photographed by using a 
microscope (Leica Microsystems, Wetzlar 
GmbH). Each section was evaluated by 
experienced pathologist blinded to the 
groups, and test materials. The number of 
pyknotic neuronal cells (Pyknosis is called 
condensation and reduction in the size of a 
cell or cell nucleus, and irreversible 
condensation of chromatin in the nucleus 
of a cell undergoing necrosis or apoptosis) 
in each group was counted separately in 
areas per section of the hippocampal CA1, 
CA2, CA3 and DG region. Then the 
number of the degenerated neuron cells 
(i.e. pyknotic neurons) was calculated as 
an average per rat (Figure 4, Figure 5)(20). 

Biochemical Analysis: 

The biochemical data consisted of the 
brain tissue malonyldialdehyde (MDA) 
concentration which is an important 
indicator of lipid peroxidation (LPO) level. 
The MDA levels were measured according 
to the method of Mihara et al. The 
principle of the method was based on the 

spectrophotometric measurement of the 
color that occurred during the reaction of 
thiobarbituric acid with MDA. The 
concentration of thiobarbituric acid 
reactive substances (TBARS) was 
calculated by the absorbance coefficient of 
malondialdehyde–thiobarbituric acid 
complex(14). In this study, all specimens 
were evaluated by an experienced 
biochemist blinded to the study groups, 
and experimental material. The lipid 
peroxidation (LPO) level values in 
nanomoles per gram of wet tissue were 
obtained by performing of the 532 
nanometer spectrophotometry (Shimadzu® 
UV-120-02 spectrophotometer) to the 
specimens applied thiobarbituric acid. 

Statistical Analysis: 

The values of the pyknotic neuronal cell 
count values and lipid peroxidation level 
values in both stages were normally 
distributed and variations were 
homogenous among the groups. Therefore, 
One-Way Analysis of Variance (ANOVA) 
was performed to all values. To determine 
the statistical differences between the 
groups, post hoc evaluation (One-Way 
ANOVA-Tukey HSD Multiple 
Comparisons test) was performed. p values 
less than 0.05 were considered to be 
significant(17). 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Histopathological examination of the CONTROL group demonstrated capillary stasis and minimal 
edema with mild neuronal degeneration. But, SHAM-A and MTX-A group demonstrated severe edema located 
neuropil and perivascular area, significant capillary stasis, cellular swelling, and shrinkage of nuclei (HEx40). 
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RESULTS 

Light Microscopy: 

Histopathological examination of the 
CONTROL group demonstrated capillary 
stasis in some of the capillary vessels and 
minimal edema in some areas of neuropil 
with mild neuronal degeneration. But, 
SHAM-A and MTX-A group demonstrated 
severe edema both at neuropil and 
perivascular area with significant capillary 
stasis, disappearance of typical cellular 
arrangement, irregularities of intercellular 
organization, cellular swelling, and 
shrinkage of nuclei (pyknosis) (Figure 4). 
However, the histopathological findings 
were less severe in SHAM-C and MTX-C 
group. The degenerated (pyknotic) 
neuronal cell counts, degree of 
degeneration, and irregularities of 
intercellular organizations were 
significantly less than acute stage groups 
but more than CONTROL group (Figure 
5). When compared the SHAM groups to 
the MTX groups, the distribution of the 
degenerated neuronal cells in hippocampal 
regions were more homogenous in the 
SHAM groups, however in MTX groups 
the degenerated neuronal cells were mostly 
accumulated in the CA2 region (Table 1). 

Histopathological Analysis:  

The pyknotic neuronal cell count values 
were statistically significant among the 
groups (F=24.506, p<0.001). The post hoc 
analysis results of the pyknotic neuronal 
cell count values revealed that there were 
significant differences between 
CONTROL/ MTX-A (p<0.001); 
CONTROL/ SHAM-A (p<0.001); 
CONTROL/ MTX-C (p=0.008); 
CONTROL/ SHAM-C (p=0.003), SHAM-
A/ SHAM-C (p=0.007), and MTX-A/ 
MTX-C groups (p<0.001). But, there was 
no statistically significant difference 
between the SHAM-A/ MTX-A (p=0.754), 
and SHAM-C/ MTX-C (p=0.995) groups 
(Table 1, Table 2, Table 3, Figure 6). 

Biochemical Analysis: 

The LPO values were statistically 
significant among the groups (F=6.079, 
p=0.001). The post hoc analysis results 
performed to the LPO values revealed that 
there was only significant difference 
between the MTX-A/ MTX-C groups 
(p=0.002) (Table 1, Table 2, Table 4, 
Figure 7) 

 

 

 

Figure 5: Histopathological findings were less severe in the SHAM-C and MTX-C group. The degenerated 
neuronal cell counts, degree of degeneration, and irregularities of intercellular organizations were significantly 
less than acute stage groups; but more than CONTROL group (HEx40). 
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Table 1: Descriptive table of the pyknotic neuronal cell count values and lipid peroxidation 
level values of all groups (LPO: lipid peroxidation; SD: standard deviation) 
 
Groups Variable N Minimum Maximum Mean SD 

CONTROL LPO 6 54.04 69.61 59.33 6.50 

 Total cell count 6 28.00 85.00 49.67 19.20  

MTX-A LPO 8 56.73 89.42 73.36  11.32  

 Total cell count 8 152.00 238.00 196.25  32.15  

SHAM-A LPO 6 64.04 81.92 72.31 7.37 

 Total cell count 6 122.00 246.00 176.50  40.68 

MTX-C LPO 8 31.35 67.50 50.75  11.39 

 Total cell count 8 46.00 171.00 109.75  36.75  

SHAM-C LPO 8 35.58 80.77 59.54  13.23 

 Total cell count 8 100.00 157.00 115.75  17.61  

 

 

 

Table 2: One-Way Analysis of Variance (ANOVA) test results demonstrate that pyknotic 
neuronal cell count values and lipid peroxidation level values were statistically different 
among the groups. p<0.05 
 

Variable F p 

Picnotic cell count 24.506 <0.001 

LPO 6.079 0.001 
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Table 3: The post hoc analyses results revealed that pyknotic neuronal cell count values of 
the CONTROL group were lower than values of other groups in both stages. Additionally, 
when cell count values of the acute stage were compared to chronic stage values, MTX-A, 
and SHAM-A group values were higher than MTX-C, and SHAM-C values. One-Way 
ANOVA-Tukey HSD Multiple Comparisons test. p<0.05 (df: degrees of freedom) 
 
Stage Variable (I-J) Mean Difference  

(I-J) 

Standart  

error 

p 

Acute CONTROL/ MTX-A 146.58* 16.51 <0.001 

 CONTROL/ SHAM-A -126.83* 17.65 <0.001 

 MTX-A/ SHAM-A -19.75 16.51 0.754 

Chronic CONTROL/ MTX-C 60.08* 16.51 0.008 

 CONTROL/ SHAM-C 66.08* 16.51 0.003 

 MTX-C/ SHAM-C 6.00 15.29 0.995 

Acute/ Chronic SHAM-A/ SHAM-C 60.75* 16.51 0.007 

 MTX-A/ MTX-C 86.50* 15.29 <0.001 

 

 

Table 4: The lipid peroxidation level values of CONTROL group were lower than MTX-A, 
and SHAM-A values in acute stage but there was no statistical difference among the groups in 
chronic stage.  Additionally, lipid peroxidation level values of the MTX-A group were higher 
than MTX-C values, but SHAM groups values were not different each other. One-Way 
ANOVA-Tukey HSD Multiple Comparisons test. p<0.05. (df: degrees of freedom) 
 
Stage Variable (I-J) Mean Difference  

(I-J) 

Standart  

error 

p 

Acute CONTROL/ MTX-A -14.04 5.75 0.131 

 CONTROL/ SHAM-A -12.98 6.15 0.241 

 MTX-A/ SHAM-A -1.06 5.75 1.000 

Chronic CONTROL/ MTX-C 8.58 5.75 0.575 

 CONTROL/ SHAM-C 0.22 5.75 1.000 

 MTX-C/ SHAM-C 8.80 5.32 0.476 

Acute/ Chronic SHAM-A/ SHAM-C 12.76 5.75 0.199 

 MTX-A/ MTX-C 22.62* 5.32 0.002 
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DISCUSSION 

In literature, experimental animal stroke 
models demonstrated that TNF-α, IL-1 and 
IL-6 are potent inflammatory cytokines 
which are able to modulate the ischemic 

damage size. Several studies concluded 
that TNF-α, and IL-6 levels are elevated in 
cerebrospinal fluid and blood of stroke 
patients(18,23,26). Additionally, postmortem 
studies in human stroke revealed that 
microglia is the major source of the TNF-

Figure 6: The mean values of the pyknotic neuronal cell count values of the both stages groups compared to the 
CONTROL group. Each error bar shows the minimum and maximum of the cell count values. 

Figure 7: The mean values of the tissue lipid peroxidation levels of the both stages groups compared to the 
CONTROL group. Each error bar shows the minimum and maximum of the lipid peroxidation level values. 
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α(10,21). IL-1, and TNF-α induces the 
expression of adhesion molecule which 
promotes neutrophil and other subtype 
leukocytes accumulation. TNF-α also 
stimulates acute-phase protein production, 
blood–brain barrier breakdown and 
induction of other inflammatory mediators. 
Low dose MTX inhibits transmethylation 
reactions and promotes extracellular 
adenosine accumulation at the sites of 
inflammation. It is known that adenosine is 
a key mediator in the anti-inflammatory 
actions of the MTX. Low concentrations of 
the adenosine inhibit Fc-gamma-receptor 
mediated neutrophil phagocytosis via its 
A2 receptors. In addition, adenosine also 
inhibits the TNF-induced generation of 
elastase by neutrophils; generation of 
superoxide anions by monocytes; and 
proliferation of the lymphocytes in 
inflamed areas.(2,5,16). IL-4, IL-13, IFN-γ, 
TNF-α and granulocyte-macrophage 
colony stimulating factor are among the 
cytokines inhibited by MTX(6). It may also 
decrease the neutrophil (but not 
macrophage) leukotriene synthesis(3). 

Many reports in literature concluded that 
the ischemia reperfusion injury induced by 
occlusion of both common carotid arteries 
could not be developed in rat brain, 
because the rat cerebral blood circulation is 
supported by rich anastomoses between the 
anterior and posterior circulation 
vessel(7,11,25). On the other hand many other 
studies accepted in scientific literature 
demonstrated that this surgical method is 
efficient to develop the ischemia 
reperfusion injury in rat(16,20). Because 
many stroke patients administered to 
hospital four hours later from occurrence 
of the stroke, we decided to infuse the 
experimental material to the rats four hours 
later from the removing of the clip. 
Actually, in present study pyknotic 
neuronal cell count values of the SHAM 
and MTX groups were significantly 
different from the CONTROL group 
values, and this means that our surgical 
method is efficient to produce transient 
ischemia reperfusion injury in rat easily 

and adequately without additional 
morbidity. 

In present study, pyknotic neuronal cell 
count values of both stages groups 
demonstrated that low dose MTX could 
not prevent the neuronal cells from the 
destructive effects of transient ischemia 
reperfusion injury in rat. It may mean that 
low dose MTX could not prevent the 
neuronal cells which try to be alive in areas 
exposed to transient ischemia from the 
destructive effects of the ischemic injury in 
rat. Additionally, statistical analyses results 
revealed that low dose MTX could not 
reduce the lipid peroxidation cascades in 
both stages of the ischemia, although the 
LPO level values of the MTX-C group 
lower than all other group values 
numerically. Finally, it can be said that low 
dose MTX could not effect to any stage of 
the cerebral ischemia reperfusion injury in 
rat, although the LPO and pyknotic 
neuronal cell count values of the acute 
stage groups were higher than chronic 
stage groups values statistically. 

Study limitations 

Present study has some limitations. First, 
because of some financial and technical 
limitations this study could not be 
supported by using of the some specific 
radiological imaging methods (such as 
MR-spectrometry, SPECT, radionuclides, 
angiography) to show the defective 
cerebral metabolism, cerebral infarct size 
etc. Second, because of some technical and 
financial difficulties this study could not be 
supported with immunohistochemical, and 
electron microscopic findings which can 
show ultrastructural details of the 
inflammatory response, neuronal necrosis 
and edema in the acute and/ or chronic 
stages of the cerebral transient ischemia 
reperfusion injury in rat. Third, this study 
should be supported by using more specific 
biochemical analyses for other detailed 
inflammatory pathways (such as apoptotic 
pathways, glutathione level, nitrite/ nitrate 
level, and xhantine oxidase activity level 
measurements). Because of some technical 
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and financial difficulties the other possible 
beneficial effects of the low dose MTX 
could not be evaluated properly. Fourth, 
because many studies showed the 
neurotoxic effects of the intrathecal MTX 
on the spinal cord tissue by developing of 
the axonal swelling and loss, 
demyelination and astrocytosis, present 
study did not contain the study groups to 
evaluate the effectiveness of the MTX 
infused via intrathecal route(5,12,22). But, in 
future studies, low dose methotrexate may 
be administered via the intrathecal route to 
evaluate its possible effects to the cerebral 
ischemia reperfusion injury. 

CONCLUSION 

At the end of this study, pyknotic neuronal 
cell count values and LPO values 
demonstrated that low dose methotrexate 
could not prevent neuronal cells from 
destructive effects of transient ischemia 
reperfusion injury in rat. Finally, it could 
be said that low dose MTX has no 
beneficial effect in transient cerebral 
ischemia reperfusion injury in rat. 
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