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Background: Aortic artery stenosis leads to Ischemia-Reperfusion (I-R) injury, which can 
cause certain clinical expressions, such as paraplegia.

Objectives: To appraise the effect of Catechin Hydrate (CH) against spinal cord I-R injury.

Materials & Methods: A total of 35 male rats (250-300 g) were divided randomly into five 
groups:  intact, sham surgery, dimethyl sulfoxide (I-R+DMSO), low-dose CH (I-R+10 mg/
kg CH), and high-dose CH (I-R+20 mg/kg CH). Abdominal aorta clamping was done for 60 
min. Seventy-two hours after I-R, animals were evaluated for neurologic function, biochemical 
analysis, and histology. The data analysis was conducted by SPSS v. 16 using ANOVA and 
Kruskal-Wallis and Mann-Whitney U tests.

Results: The mean Motor Deficit Index (MDI) score and white matter damage in the CH 
(20 mg/kg) group were lower than in the DMSO group (P=0.032). The mean plasma levels 
of malondialdehyde (MDA) and superoxide dismutase (SOD) in the CH groups were lower 
than that of the DMSO group (P<0.05). The plasma level of Total Antioxidant Capacity (TAC) 
in the CH (20 mg/kg) group was higher than in the DMSO group (P=0.032). In addition, the 
plasma level of catalase in the CH (20 mg/kg) group was higher than in the DMSO and CH (10 
mg/kg) groups (P<0.001). The average number of normal motor neurons in the experimental 
groups was lower than in the sham surgery group (P<0.001). 

Conclusion: These results showed that CH may be effective in reducing spinal cord I-R injury.
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Introduction

he aortic artery must be clamped during 
some surgical procedures for reasons, such 
as an aneurysm and abdominal injuries [1]. 
The clamp of the abdominal aortic artery 
causes many undesirable pathologic chang-

es in different parts of the body [1]. Two physiological 
problems of Ischemia-Reperfusion (I-R) will occur dur-
ing clamping (Ischemia) and after the resumption of blood 
circulation (reperfusion) [2]. I-R injury can lead to certain 
clinical expressions, such as brain and digestive system 
disorders, infection, heart problems, and dysfunction of 
various organs of the body [3]. In neural cells, inflamma-
tion, oxidative stress, and cell apoptosis are the common 
outcomes of the I-R injury [4]. To minimize neurological 
complications (paraparesis or paraplegia), numerous ef-
forts have been made. In this context, the use of materials 
with antioxidant and anti-inflammatory properties, such 
as saffron [5], and spinach [6] has been considered.

Tea is one of the most popular drinks in the world. It 
is rich in an important polyphenol called Catechin, which 
represents nearly 30%-42% of the weight dry of green 
tea [7]. This substance, also found in many other foods, 
has antioxidant and anti-inflammatory properties to treat 
numerous diseases [8]. The protective effect of catechin 
against I-R injuries has been studied in various organs, 
such as the kidneys [9] and the heart [10]. Moreover, cat-
echin inhibits the activation of microglia in neurological 
disorders [11]. 

The Catechin Hydrate (CH) is a major type of catechin 
[12], with strong antioxidant and anti-inflammatory prop-
erties that scavenges free radicals [13]. It is the major phe-
nolic compound of green tea (65% of dry weight) [8].

There is no investigation on the neuroprotective action 
of CH on I-R spinal cord damage. Therefore, we decided 
to study the effect of catechin on spinal cord I-R injury in 
male rats.

Materials and Methods

Experimental designs

Thirty-five male albino Sprague-Dawley rats (250 - 300 
g) were chosen for this study. The animals were housed 
in a quiet room under a 12-h light/dark cycle and at room 
temperature of 21-23ºC. They had free access to stan-
dard laboratory food and tap water. The rats were ran-
domized into 5 groups: intact (no injections or surgery), 
sham (the abdominal aorta was exposed), I-R (following 
a daily gavage of 1 mg/kg of 0.5% dimethyl sulfoxide 
(DMSO) for 21 days, the abdominal aorta was subjected 
to I-R), low-dose CH (following a daily gavage of 10 
mg/kg of CH for 21 days, the abdominal aorta was sub-
jected to I-R), high-dose CH (following a daily gavage 
of 20 mg/kg of CH for 21 days, the abdominal aorta was 
subjected to I-R) [14]. CH was dissolved in 0.5% DMSO 
to be administrated through gavage. Before the surgery, 
all animals were evaluated for neurological function. CH 
powder (CAS Number: 225937-10-0) was purchased 
from Sigma Aldrich.

Surgical procedure

Ketamine and xylazine (at the doses of 90 and 10 mg/kg, 
respectively; IP) were injected for pre-operation anesthe-
sia, followed by heparin (400 IU/kg). In sterile conditions, 
the skin and abdomen wall muscles were opened from the 
median line. For the sham surgery group, the surgery was 
completed after observing the abdominal aorta. For other 
surgical groups, the abdominal aorta was clamped in two 
zones with the aid of arterial micro-clips (ischemia for 60 
min):  under the left renal artery and above of the abdomi-
nal aortic bifurcation. Meanwhile, the pulse of the femoral 
artery could not be sensed through repeated touch, which 
signified that blood flow stopped at the lower extremities. 
During surgery, the animal’s body heat was remained con-
stant within a normal range (37.5°C±0.5°C) with a lamp 
overhead. After an ischemic period, perfusion was started 
by removing the micro-clips [15]. Finally, the abdominal 
muscles and skin were sutured. In the gavage groups, cat-
echin (10 and 20 mg/kg) and 0.5% DMSO (1 mg/kg) were 
administered orally for 21 days prior to the surgery. Dur-
ing the study, the animals were kept under standard condi-
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tions (12/12 h light /dark cycle and easy access to water 
and food).

Neurologic evaluation

For the present study, the Motor Deficit Index (MDI) 
was used. This index is calculated by the sum of scores 
of ambulation and placing/stepping. The number 0 was 
attributed to completely normal rats and the highest 
score was 6, which belonged to the rats with the most 
serious neurological defects. The rats with a score less 
than 3 were considered non-paraplegic and those with a 
score 3 or greater were known as paraplegia [16]. Rats 
were assessed in two stages: before the surgery and 72 h 
after I-R spinal cord.

Biochemical measurements

After determining MDI, the rats were anesthetized with 
a dose of 100 mg/kg of ketamine, and blood samples 
were taken directly through the left ventricle. Samples 
were immediately placed on ice and centrifuged (1500 
g; 4°C; 20 min) to extract the plasma. Then, the samples 
were moved to the refrigerator (-80°C). Biochemical 
measurements were performed to assess the level of 
Malondialdehyde (MDA), catalase, Total Antioxidant 
Capacity (TAC), and Superoxide Dismutase (SOD) in 
plasma using colorimetric assay kits (Elabscience, Wu-
han, China). The hydroxylamine method was used for 
the calculation of the SOD levels. Hydroxylamine was 
oxidized by the superoxide anion production, changed 
to nitrite and purplish red, and measured at a wavelength 
of 550 nm. Fluorescence recovery after photobleaching 
(FRAP method) was used to calculate the TAC and mea-
sured at a wavelength of 520 nm. The plasma level of 
CAT was measured at a wavelength of 405 nm after the 
generation of a yellowish complex. The MDA and thio-
barbituric acid reagent (TBA) yielded the pink plasma 
and were measured at a wavelength of 532 nm [17].

Histological study

Initially, the rats were perfused via the heart (10% for-
malin), and then the fourth lumbar segment was removed 
from the spinal cord, and placed in fixation solution for 2 
days. From tissue samples, cross-sections were prepared 
with a thickness of 5 µm and stained with Hematoxy-
lin and Eosin (H-E). Normal motor neurons (prominent 
nucleoli, loose chromatin, and Nissl substance) were 
counted in the anterior horns of the spinal cord. Micro-
vacuolation expansion in the anterior and lateral funiculi 
was considered a white matter injury. The scoring based 
on the microvacuolation formation was as follows: free 

(score 0), 1%-10% (score 1), 10%-50% (score 2), and 
more than about 50 % (score 3) [2].

Statistical analysis

The data collected were presented as Mean±SEM. 
Statistical analysis was performed by SPSS v. 16 soft-
ware. Tukey’s post hoc test and ANOVA were used for 
comparisons. Kruskal-Wallis test was used to analyze 
MDI and white matter damage among the experimental 
groups and the Mann-Whitney U test was used to deter-
mine significant differences between the two groups. In 
comparisons, where a P-value was smaller than 0.05, a 
significant difference was considered.

Results

Seventy-two hours following spinal cord I-R, the 
average MDI score was significantly lower in the CH 
(20 mg/kg) group (1.5±0.5) compared to the I-R group 
(2.75±0.4) (P=0.032). The MDI scores in the intact and 
sham surgery groups were significantly lower than in the 
I-R group (P<0.001). In spite of the decrease in MDI 
score in the CH (10 mg/kg) group compared to the I-R 
group, the difference was not significant (Figure 1).

The plasma levels of MDA in the CH (20 mg/kg) 
(1.15±0.025) and CH (10 mg/kg) (1.25±0.064 nmol/L) 
groups were significantly less than the I-R (1.675±0.05 
nmol/L) group (P=0.004). Additionally, there was a sig-
nificant difference between the CH groups (Figure 2).

Plasma level of TAC in the CH (20 mg/kg) group 
(1.017±0.08 mmol/L) was significantly greater than the 
I-R (0.627±0.12 mmol/L) group (P=0.032). However, 
there was no significant difference between the CH (10 
mg/kg) and the I-R groups (Figure 3).

The plasma level of SOD in the CH (20 mg/kg) 
(1327±83 U/g HB) group was significantly greater 
than in the I-R group (965±3 U/g HB) (P=0.002). Also, 
there was a significant difference between the CH (10 
mg/kg) group (1175±52 U/ mg HB) and the I-R group 
(P=0.041) (Figure 4).

The plasma level of CAT was significantly greater in 
the CH (20 mg/kg) group (0.359±0.005 µmol/min) than 
in the I-R group (0.227±0.019 µmol/min) (P<0.001). 
There was also a significant difference between the CH 
(20 mg/kg) and CH (10 mg/kg) (0.21±0.033 µmol/min) 
groups (P<0.001) (Figure 5).
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The mean number of normal motor neurons was sig-
nificantly different between the CH (20 mg/kg) (56±0.7) 
group than the CH (10 mg/kg) (42.5±1.25) and I-R 
(34±1.08) groups (P<0.001). This means the loss of 7%, 
29%, and 44% in the number of normal motor neurons in 
these groups,  respectively (Figure 6A, B).

The average white matter damage scores in the CH (20 
mg/kg) group (1.75±0.5) were significantly lower than in 
the I-R group (2.75±0.5) (P=0.015). However, there was 

no significant difference between the I-R and the CH (10 
mg/kg) (2.5±0.57) groups (P>0.05) (Figure 7A and B).

Discussion

The finding of this study indicated that in the CH groups 
hind limb function improved 72h after the I-R spinal 
cord injury so that the number of damaged neurons and 
the amount of white matter damage were smaller. This is 
the first study to examine the protective effects of CH on 
I-R spinal cord injury.

Figure 2. The mean plasma level of Malondialdehyde (MDA) 72 hours after spinal cord Ischemia-Reperfusion (I-R) injury

*P=0.004 vs. the Catechin Hydrate (CH) groups. Data were obtained using ANOVA and Tukey’s test (n=7).

Figure 1. The mean neurological scores 72 hours after spinal cord Ischemia-Reperfusion (I-R) injury

* P=0.032 vs. the I-R group; ** P<0.001 vs. the intact and sham groups; and # P<0.01 vs. the intact and sham groups. 

Data were obtained using Kruskal-Wallis test and Mann-Whitney U test) (n=7).
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Figure 3. The mean plasma level of Total Antioxidant Capacity (TAC) 72 hours after spinal cord Ischemia-Reperfusion (I-R) injury

 * P=0.032 vs. the I-R group. Data were obtained using ANOVA and Tukey’s test (n=7).

Figure 4. The mean plasma level of superoxide dismutase (SOD) 72 hours after spinal cord ischemia-reperfusion (I-R) injury

* P=002 vs. the I-R group and ** P=0.041 vs. the I-R group. (Data were obtained using ANOVA and Tukey’s test (n=7).

Figure 5. The mean plasma level of catalase 72 hours after spinal cord ischemia-reperfusion (I-R) injury

** P<0.001 vs. the I-R and CH (10 mg/kg) groups. Data were obtained using ANOVA and Tukey’s test (n=7).
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In this study, the positive effects of CH against I-R 
damage to the rat’s spinal cord were confirmed by bio-
chemical, histological, and neurological examinations. 
Following an I-R spinal cord injury, oxidative agents 
increase the permeability of the blood-brain barrier 
(BBB) [18], leading to an increase in the permeability 
of catechins [19]. One of the benefits of using CH is its 
antioxidant properties, which can be explained by the 
following mechanism: because the catechins are known 
as the sweepers of the Reactive Oxygen Species (ROS), 

they play an important role in the prevention of cellular 
oxidative stress. ROS has a negative effect on neuronal 
function by inducing oxidative stress [20]. In this article, 
the improvement of histological conditions of cells in 
the CH groups (especially in the CH (20 mg/kg) group) 
was observed by increasing the levels of SOD, TAC, and 
CAT. SOD and CAT destroy superoxide radicals, break 
down the chain of oxidizing agents, and transform them 
into harmless molecules [21]. The present study showed 
that the mean number of normal motor neurons in the 
CH 20 (mg/kg) group was higher than in the I-R group, 
and this may be due to the antioxidant properties of the 
CH (especially, SOD and CAT). A previous study found 

Figure 6. NMN 72 hours after spinal cord Ischemia-Reperfusion

A: The mean number of Normal Motor Neurons (NMN) in the 
anterior spinal cord 72 hours after spinal cord Ischemia-Reper-
fusion (I-R) injury.

** P<0.001 vs. the I-R group. Data were obtained using ANOVA 
and Tukey’s test. 

B: Representative light microphotographs (Hematoxylin and 
Eosin; - 400) in the sham surgery (a), I-R (b), CH (10 mg/kg) (c), 
and CH (20 mg/kg) (d) groups related to the fourth section of 
the anterior horn of spinal cord 72 hours after I-R injury. Shrunk-
en neurons with dark hyperchromatic nuclei and nissl granules 
vanished (arrows) (n=7).

Figure 7. WMD 72 hours after spinal cord Ischemia-Reperfusion

A: The mean scores of white matter damage (WMD) 72 hours 
after spinal cord ischemia-reperfusion (I-R) injury. 

*P=0.015 vs. the I-R and CH (10mg/kg) groups. Data were ob-
tained using the Kruskal-Wallis test and Mann-Whitney U test.

B: Representative light microphotographs of the anterior and 
lateral funiculi of spinal cord 72 hours after I-R injury in the 
sham surgery (a), I-R (b), CH (10 mg/kg) (c), and CH (20 mg/
kg) (d) groups (Hematoxylin and Eosin; - 400) (n=7).
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that increasing the amount of SOD and CAT increased 
the resistance of astrocytes to I-R damage and as a result, 
damage to the white matter and of vacuole formation 
reduces [22]. In addition, increasing the TAC levels em-
phasize an enhancement in cellular health and a reduc-
tion in free radical production [23].

Besides their antioxidant properties, catechins have at-
tracted our attention due to their anti-inflammatory prop-
erties [24]. Fan et al. (2017) reported that catechins help 
to improve inflammatory bowel disease, by increasing the 
production of factors affecting the immune system (such 
as macrophages, T lymphocytes, and neutrophils) [8].

In our study, a reduction in MDA levels in the CH 
groups was effective in reducing I-R spinal cord injury. 
MDA is the final result of lipid peroxidation caused by 
oxidative stress in the cell. It plays a major role in cell 
infection and causes a number of clinical abnormali-
ties in the body [25]. One of the interesting results of 
the present study was a decrease in the MDA levels in 
the CH (20 mg/kg) group compared to the intact group. 
Catechin appears to effectively reduce the plasma level 
of MDA. Another finding of this study was the dose-de-
pendent effect of CH. In a similar study, the effect of CH 
on traumatic brain injury at a daily dose of 20 mg/kg was 
greater than other doses [14].

In this study, there may be challenges to the effective-
ness of CH in reducing I-R spinal cord injury. First, it is 
possible to make numerous changes to the given dose. 
For example, different doses may be prescribed in differ-
ent periods. Secondly, the rats lived only three days after 
ischemia. Therefore, it is not known if the results will be 
acceptable for a longer period. Thirdly, the duration of 
ischemia was 60 minutes and there is no information on 
the effects of CH by increasing the ischemia time. 

In a similar study, CH was administrated to rats for 21 
days, and then, the middle cerebral artery was blocked 
for 2 hours. They concluded that CH increased the ac-
tivity of antioxidant enzymes and decreased cytokines 
levels, which in turn has a positive effect on nerve func-
tion by reducing the volume of the damaged area of the 
brain. These effects were significant compared to the 
group that did not receive CH [26].

In this study, plasma levels of SOD, TAC, and CAT 
increased, especially in the high-dose catechin group. 
Previous studies have emphasized the antioxidant and 
anti-inflammatory properties of catechins in reducing 
I-R side effects on the liver [27], brain [28], kidney [15], 
and stomach [29]. In addition, catechins have neuropro-

tective effects in different models of neural injury [30]. 
Therefore, the death of nerve cells in the catechin group 
was delayed due to its antioxidant properties [20]. 

Conclusion

Our research indicated that CH can protect neurons 
from I-R injury. However, the molecular mechanisms 
of the neuroprotective effect of CH are still unclear and 
further studies are needed.
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