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Background: Gum arabic (GA) contains anti-oxidant and anti-inflammatory compounds and 
protects tissues.

Objectives: The purpose of the present study was to investigate the protective effect of GA on the 
spinal cord’s motor neurons after ischemia-reperfusion (I-R) injury.

Materials & Methods: Thirty-five male rats (Sprague-Dawley) were randomly divided into five 
groups: Intact, sham surgery, control (4 mL/kg distilled water+I/R), low-dose gum arabic (GA 1 g/
kg+I-R), and high-dose gum arabic (GA 4 g/kg+I-R). In the experimental groups, oral gavages’ 
treatment was performed for 21 days before surgery. Three days after I-R, the rats were evaluated 
for neurological function, biochemical, and histological analysis.

Results: The mean motor deficit index (MDI) in the GA groups versus the control group was 
significantly lower (P<0.01). About 72 hours after I-R, the mean plasma level of superoxide 
dismutase and total anti-oxidant capacity in the GA 4 g/kg group were higher than the control group 
(P<0.05). However, there was no significant difference in the plasma level of catalase between 
the GA 4 g/kg and the control groups (P<0.05). Approximately 67% of the motor neurons were 
destroyed in the control group, while this ratio was about 18% in the GA 4 g/kg group.

Conclusion: This study showed that GA (4 g/kg) protects the motor neurons of the spinal cord 
against ischemia-reperfusion injury.

Keywords: Gum arabic, Ischemia, Reperfusion, Spinal cord, Rats

A B S T R A C T

Citation Yahak H, Farjah GhH, Pourheydar B, Karimipour M. Protective Effect of Gum Arabic on Spinal Cord Ischemia-
reperfusion Injury in Rats. Caspian J Neurol Sci. 2024; 10(1):47-56. https://doi.org/10.32598/CJNS.10.36.447.1
Running Title Gum Arabic and Spinal Cord Ischemia-reperfusion Injury 

 : https://doi.org/10.32598/CJNS.10.36.447.1

Use your device to scan 
and read the article online

Article info: 
Received: 22 May 2023

First Revision: 15 Jun 2023

Accepted: 17 Jul 2023

Published: 01 Jan 2024

 2018 The Authors. This is an open access 
article under the CC-By-NC license.

http://cjns.gums.ac.ir
http://cjns.gums.ac.ir/
https://orcid.org/0000-0001-6736-0631
https://orcid.org/0000-0002-5946-0904
https://orcid.org/0000-0001-9823-6887
https://orcid.org/0000-0002-2834-2892
mailto:hfarjah@hotmail.com
mailto:Farjah.GH@umsu.ac.ir
https://cjns.gums.ac.ir//page/137/About-the-Journal
 https://doi.org/10.32598/CJNS.10.36.447.1
https://crossmark.crossref.org/dialog/?doi=10.32598/CJNS.10.36.447.1
http://cjns.gums.ac.ir/page/126/Open-Access-Policy
http://cjns.gums.ac.ir/page/126/Open-Access-Policy


48

January 2024, Volume 10, Issue 1, Number 36

Introduction

he aorta artery should be clamped dur-
ing abdominal and thoracic surgeries 
[1]. Ischemia is caused by clamping the 
artery, and its release and subsequent tis-
sue reperfusion damage these tissues [2]. 

Paraplegia is one of the most serious complications of 
aortic ischemia-reperfusion (I-R) injury [3]. Recently, 
many studies have been conducted to reduce the com-
plications of I-R, such as saffron extract [4], lutein [5], 
erythropoietin [6], and thymoquinone [7]. 

Gum arabic (GA) comprises several polysaccharides 
secreted from Senegal Acacia trees [8]. GA also shows 
anti-oxidant and anti-inflammatory properties [9, 10] 
and is involved in the apoptotic pathway [11]. 

A review of the literature shows that GA has a protective 
effect on several diseases, including lung tumors [12], heart 
disease [10], and diabetic nephropathy [13]. Our previous 
study showed that GA and propolis are effective in sciatic 
nerve regeneration [14]. A previous study reported that the 
administration of GA protects I-R heart damage through 
anti-inflammatory and anti-oxidant pathways [10]. To our 
knowledge, there is no study on the protective effect of GA 
on I-R injury of the spinal cord. So, the present study aimed 
to investigate the GA’s protective effect on the spinal cord’s 
motor neurons after ischemia-reperfusion (I-R) injury using 
neurological, biochemical, and histological assessments.

Materials and Methods

Animals

Thirty-five Sprague-Dawley male rats (250~280 g weight, 
8~10 weeks old) were divided into 5 groups: Intact, sham sur-
gery, control, GA (1 g/kg), and GA (4 g/kg). The GA (Merck, 
Germany) solution was prepared with distilled water in suit-
able concentrations (1 and 4 g/kg). In GA groups, oral ga-
vages’ treatment was performed for 21 days before surgery. 
In the control group, the animals received gavage administra-
tion of distilled water (1 mL) for 21 days before surgery [15]. 

Surgery procedure

The rats were anesthetized by ketamine (90 mg/kg) and 
xylazine (10 mg/kg) through intraperitoneal injection, 
followed by heparin (400 IU) [16]. Then, under sterile 
conditions, the abdominal cavity was opened through a 
midline longitudinal incision (linea alba). The abdomi-
nal viscera were gently removed (from the right side of 
the peritoneal cavity) and placed on sterile gauze moist-
ened with normal saline. To establish ischemia, the ab-
dominal aortic artery was clamped at two points: Below 
the left kidney vein and before the bifurcation of the ab-
dominal aortic artery. During the ischemia, the bilateral 
femoral artery was absent. After 60 minutes, the clamps 
were gently removed to restore blood flow (reperfusion). 
At the end of the surgery, the abdominal viscera were 
returned to the abdomen, and the animal’s muscles and 
skin were closed with 4-0 nylon threads [5]. During the 
surgery, the animal’s body temperature was maintained 
constant around 37ºC. After recovery, the animals were 
kept in their cages.

Neurological evaluation

The motor deficit index (MDI) test was used to deter-
mine the possible paralysis of the hind limbs (before spi-
nal cord I-R and 24, 48, and 72 hours after the start of re-
perfusion). The score of MDI ranges between 0 (intact) 
and 6 (complete defect). The animals with an MDI score 
higher than, were marked as paraplegic [17].

Withdrawal reflex latency (WRL) 

The withdrawal reflex latency (WRL) test was used to 
evaluate the sensation of the hind limbs at 24, 48, and 72 
hours after surgery. The plantar surface was placed on a 
hot plate (56°C). Then, the contact time was recorded. To 
prevent possible damage, the maximum time allowed to 
contact the animal’s hind limbs with the hot plate was 
considered 12 seconds [18].

T

Highlights 

● Gum arabic can protect the motor neurons of the spinal cord against ischemia-reperfusion injury.

● The protective effect of gum arabic on spinal cord ischemia-reperfusion is probably related to its anti-inflammatory 
and anti-oxidant properties.
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Blood sampling

The blood was obtained directly from the heart after 
anesthetizing the rats with ketamine (90 mg/kg). Then, 
the plasma was separated by centrifuge (1500 g; 15 min; 
4°C). The collected plasmas were stored at -80°C until 
the biochemical evaluations [16].

Biochemical study

The hydroxylamine method was used to measure the 
level of superoxide dismutase (SOD) in plasma. This 
method converted hydroxylamine to nitrite and then mea-
sured at a wavelength of 550 nm by a spectrophotometer. 
The catalase (CAT) level in plasma was measured spec-
trophotometrically after observing the yellow complex 
at 450 nm wavelength. The plasma’s total anti-oxidant 
capacity (TAC) level was evaluated using an appropri-
ate kit (LDN, GmbH & Co KG, Germany). The TAC 
is determined by the production of tetramethylbenzidine, 
which is detected by color produced at a wavelength of 
450 nm by a spectrophotometer. The plasma malondial-
dehyde (MDA) level was measured using the thiobar-
bituric acid (TBA) method. MDA is a colorless liquid 
that reacts with TBA reagent to produce a pink color at a 
wavelength of 532 nm by spectrophotometer [19].

Histologic evaluation

The animals were fixed through cardiac perfusion, 
and then the fourth segment of the lumbar spinal cord 
was isolated. After performing the tissue preparation 
procedures, 5-μm sections were prepared using H&E 
staining. Then, slices with an interval of 100 μm were 
prepared from the fourth lumbar spinal cord segment 
and observed by a digital light microscope. The number 
of healthy motor neurons was counted using OLYSIA 
Autobioreport Software (Olympus Optical, Co. LTD, 
Tokyo, Japan). Afterward, in the anterior horns of the 
spinal cord, the neurons with prominent nuclei with 
delicate chromatin bodies and Nissl bodies found within 
their cytoplasm were considered healthy motor neurons, 
and neurons with eosinophilic, non-nucleated cytoplasm 
were considered damaged cells. An area of 0.04-2 mm 
was evaluated in the anterior and lateral funiculi. In the 
samples that did not have cavitation, the tissue was con-
sidered normal, and the number 0 was reported; in the 
tissues with low cavitation (less than 10%), number 1; 
moderate (10% to 50%), number 2; and the tissues with 
severe cavitation (more than 50%), the number 3 was 
reported [20].

Statistical analysis

The data of the present study were displayed as 
Mean±SEM. Statistical analysis was performed using 
one-way ANOVA and Tukey’s test in SPSS software, 
version 16 (Chicago, IL, USA). The Kruskal-Wallis and 
Mann-Whitney tests were used to find the differences in 
MDI and cavitations between groups. P<0.05 was statis-
tically significant. 

Results

The mean scores of MDI in the control group versus 
other groups were significantly different up to 72 hours 
after I-R (P<0.01). The difference between the GA 
groups of ischemia (after 72 hours) and the intact and 
surgical sham groups was not significant (P>0.01) (Fig-
ure 1). 

The results of the WRL test show that intact, surgical 
sham, and GA 4 g/kg groups are significantly different 
from all other groups up to 72 hours after I-R (P<0.05) 
(Figure 2). 

At the mean value of SOD, 72 hours after spinal cord 
I-R, there was a significant (P<0.05) decrease in the con-
trol group versus the intact, surgical sham, and GA 4 g/
kg groups (Figure 3). 

The mean value of CAT, 72 hours after spinal cord I-R, 
was significantly (P<0.04) reduced in the control group 
versus the intact and GA 5 g/kg group. CAT level is 
higher in the GA 1 g/kg group versus the control group 
(Figure 4). However, it was not significant (P˃0.02).

Mean TAC, 72 hours after spinal cord I-R, was re-
markably reduced in the control group versus the intact 
and surgical sham groups (P=0.00). So, 72 hours after 
I-R, the TAC level in the GA 4 g/kg group compared to 
the control group showed a significant (P<0.02) increase 
(Figure 5). 

The mean plasma MDA level was higher in the con-
trol group versus the intact and surgical sham groups 
72 hours after spinal cord I/R (P<0.01). This index de-
creased in the GA 4 g/kg group versus the control group 
(P<0.01) (Figure 6). 

The mean number of healthy spinal motor neurons in 
the L4 lumbar segment in GA groups considerably in-
creased compared to the control group (P<0.01). In ad-
dition, the mean number of healthy motor neurons in the 
GA 4 g/kg group was significantly higher than the GA 1 
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g/kg group (P<0.05). The number of healthy motor neu-
rons in the GA 4 g/kg group did not show a significant 
difference (P>0.05) compared to the intact and surgical 
sham groups (Figure 7). 

The mean injury of spinal cord white matter 72 hours af-
ter ischemia in the control group increased considerably 
versus the intact and surgical sham groups (P<0.001). 
It also significantly decreased in GA groups versus the 
control group (P<0.04). In addition, GA groups showed 

Figure 1. Motor deficit index scores 24, 48, and 72 hours after spinal cord ischemia (Mean±SEM)

Note: a, b, c, d, and e indicate significant differences with intact, sham surgery, control, GA 1 g/kg, and GA 4g/kg groups, 
respectively (P<0.01).

Figure 2. Withdrawal reflex latency test performed 24, 48, and 72 hours after spinal ischemia (Mean±SEM)

Note: a, b, c, d, and e indicate significant differences with intact, sham surgical, control, GA 1 g/kg, and GA 4 g/kg groups, 
respectively (P<0.05).
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a significant (P<0.01) difference compared to intact and 
surgical sham groups (Figure 8).

Discussion

According to the results of this study, after 60 minutes 
of ischemia and then up to 72 hours of reperfusion, less 
damage was observed in the spinal cords, white and gray 

matter in animals receiving GA, and the hind limbs also 
showed better performance.

Ischemia and reperfusion may eventually lead to pa-
ralysis of the lower limbs and a decrease in the quality 
of nerve function in the affected areas, which can be at-
tributed to factors such as disharmony in the regulation 
of neurotransmitters [21].

Figure 3. Superoxide dismutase scores assessed 72 hours after spinal cord ischemia (Mean±SEM)

Note: a, b, c, d, and e indicate significant differences with intact, sham surgical, control, GA 1 g/kg, and GA 4 g/kg groups, 
respectively (P<0.05).

Figure 4. Catalase levels assessed 72 hours after spinal cord ischemia (Mean±SEM) 

Note: a, b, and e indicate significant differences with intact, sham surgical, and GA 4 g/kg groups, respectively (P<0.04).
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A previous study showed that GA combined with prop-
olis as a nerve guide channel improves motor reflexes 
[14]. The present study is the first one to investigate the 
protective effect of GA on ischemia-reperfusion injury 
in the spinal cord.

MDI can be used in neurological assessment, and lower 
scores are desirable. Our results showed that the MDI in 
the GA groups was significantly less than in the control 

group, and the results of the WRL test showed an im-
provement in the sensory function of the hind limbs of 
the animals. After I-R, oxygen free radicals are formed, 
resulting in the cell membrane losing its proper function 
due to the disruption of cytokine secretion, resulting in 
leakage of the cell internals, which produces more reac-
tive oxygen species [22]. These species and free radicals 
affect lipids by making lipid peroxides, causing direct 
damage to nerve cells since lipids are involved in the 

Figure 6. Mean malondialdehyde levels assessed 72 hours after spinal cord ischemia (Mean±SEM)

Note: a, b, c, and e indicate significant differences with intact, surgical sham, control, and GA 4 g/kg groups, respectively 
(P<0.05).

Figure 5. The total anti-oxidant capacity levels assessed 72 hours after spinal cord ischemia (Mean±SEM)

Note: a, b, c, d, and e indicate significant differences with intact, sham surgical, control, GA 1 g/kg, and GA 4 g/kg groups, 
respectively (P<0.05).
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structure of neurons [23]. GA can be beneficial in neu-
tralizing oxidative stress and inflammation caused by 
oxygen free radicals [22] and prevents lipid peroxide for-
mation [24]. A study showed the use of GA decreased 
the oxidants and inflammatory factors (pro-inflammatory 
cytokines, tumor necrosis factor-alpha, interleukin-1β, 
interleukin-6) and increased SOD and anti-inflammatory 
factors (cytokine IL-10) [10]. SOD and CAT are among 
the anti-oxidant enzymes that neutralize oxygen free rad-

icals, so their measurement can help understand the ef-
fectiveness of the substance used [25]. In addition, TAC 
is a suitable biochemical parameter for measuring the 
overall status of anti-oxidants [26]. In addition, MDA is a 
reliable indicator for evaluating oxygen free radicals and 
lipid peroxidation [25] and is used as an indicator of oxi-
dative stress in cells [27]. The previous study shows that 
the levels of CAT and TAC have an inverse relationship 
with oxidative stress. In addition, a higher level of SOD 

Figure 7. A) Number of normal motor neurons assessed 72 hours after spinal cord ischemia (Mean±SEM)

Note: a, b, c, d, and e indicate significant differences with intact, sham surgical, control, GA 1 g/kg, and GA 4 g/kg groups, 
respectively (P<0.05). 

B) Micrographic images of gray matter in the anterior horn of the fourth lumbar segments of the spinal cord (H & E staining, 
72 hours after spinal cord I/R)

Note: a, b, c, and d indicate sham surgical, control, GA 1 g/kg, and GA 4 g/kg groups, respectively. Damaged neurons with 
dark chromatin in the nucleus and nissl granules destroyed are shown by head flash and healthy neurons by flash (scale bar: 
50 µm).
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has a direct effect on reducing oxidative stress. High 
levels of MDA were observed in acute oxidative stress, 
which indicates a direct relationship between the MDA 
index and levels of oxidative stress [28]. The results of 
the present study show that the levels of SOD, CAT, and 
TAC, as well as the number of healthy motor neurons in 

the GA 4 g/kg group, were significantly more than the 
control group, which may be due to the protective effect 
of GA on the motor neurons of the spinal cord. The role of 
GA in reducing MDA production [24] is another reason 
for increasing the percentage of healthy motor neurons 
and improving the function of the lower limbs. GA is a 

Figure 8. A) Score for white matter damage assessed 72 hours after spinal cord ischemia (Mean±SEM)

Note: a, b, c, d, and e indicate significant differences with intact, sham surgical, control, GA 1 g/kg, and GA 4g/kg groups, 
respectively (P <0.04). 

B) Micrographic images of white matter in the anterior horn of the fourth lumbar segments of the spinal cord (H & E staining, 
72 hours after spinal cord ischemia)

Note: a, b, c, and d indicate sham surgical, control, GA 1 g/kg, and GA 4 g/kg groups, respectively. Areas of injury are indi-
cated by head flash (scale bar: 50 µm).
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natural substance that can be taken orally without side ef-
fects [8], and at the same time, it can appear as a drug to 
strengthen and improve motor reflexes [29].

In this study, the white matter in the GA groups was 
healthier than the control group. Due to the protective ef-
fect of GA on neurons, more myelinated axons remained 
intact, and fewer cavities were formed in the white mat-
ter compared to the control group.

In the present study, GA was administered two doses of 
1 and 4 g/kg through gavage. The previous study showed 
that the results obtained from the administration of GA 
in doses between 3 and 6 g do not show a significant dif-
ference in the coagulation system [30]. In another study, 
GA was prescribed with doses of 2, 3, and 4 g/kg body 
weight, and they concluded that the dose of 4 g/kg has the 
most beneficial effect [31]. GA shows different effects 
depending on the conditions and context of use, which is 
an interesting feature. Still, in general, it can be concluded 
that it can show more favorable effects at a dose of about 
4 g/kg [21]. Similar mechanisms may effectively explain 
the role of the GA in protecting the spinal cord. Thus, 
GA increased the level of the anti-oxidant enzyme SOD, 
which showed that it plays an essential role in protecting 
the spinal cord against I-R injury [10]. The protection ef-
fect observed in this study is related to the anti-oxidant 
and anti-inflammatory activities of GA [9]. In addition, 
many mechanisms are unknown so far, and more experi-
mental evidence is needed to understand them.

Conclusion

This study shows that GA has anti-oxidant and anti-in-
flammatory properties and, therefore, may be effective in 
reducing oxidative stress, preventing damage to spinal cord 
motor neurons, and protecting spinal cord white matter.
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