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ABSTRACT 
Introduction: Multiple sclerosis (MS) is a disease of the central nervous system that causes disorders in the nervous system, especially in young people. 
Increased inflammatory factors are major complications of MS disease. Aloe vera plant has known antioxidant and anti-inflammatory properties. The 
purpose of this study is to investigate the effect of Aloe vera extract on the serum levels of certain inflammatory cytokines in ethidium bromide (EB)-
induced MS models in rats. 
Methods: In this experimental study, 30 adult female Wistar rats were divided into 6 groups of 5 each, including control, sham, experimental 1 (received 
14 μl EB solution), and experimental 2, experimental 3 and experimental 4 groups which received EB solution associated with 300, 600 and 1200 mg/kg 
Aloe vera alcoholic extract gel, respectively. EB was administered into the lateral ventricles and the extract was given by gavage. On day 35th, blood 
serum levels of TGF-β, interleukin-1 and interferon gamma were measured by blood sampling from the animals. The results were analyzed by ANOVA 
and Duncan tests at 5% level of significance (p≤0.05). 
Results: The results showed that EB increased the mean serum concentrations of TGF-β, interleukin 1 and interferon gamma, while simultaneous 
administration of EB with 1200 mg/kg of the Aloe vera alcoholic extract gel significantly reduced the above factors at level of P≤0.05 as compared 
with EB group. 
Conclusions: The results of this study showed that the Aloe vera alcoholic extract gel in a dose-dependent manner can reduce EB effects on serum 
levels of TGF-β, interleukin-1 and interferon gamma in the rats with MS. 
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INTRODUCTION 

Multiple sclerosis (MS) disease is a central nervous system disorder that followed by disability at nervous system, 
especially in young people (1), causing some nerve symptoms such as weakness and anorexia in the extremities, visual 
changes, bladder dysfunction, pain and fatigue (2). Failure to fully understand the nature of the disease has caused no 
definitive treatment for this condition (3). With a ratio of 1.77 to 1, MS is now universally found to be more prevalent in 
females than males, and its’ maximum age range is between 20 up to 40 years of age. On the other hand, its’ clinical 
process is varied and can be ranged from a completely benign process to a progressive and debilitating process (4). 
According to Iranian MS society, there are approximately 40,000 patients with MS disease in Iran (5) which account for a 
large percentage of the population; therefore, study and recognition of the disease can help to a large number of people 
in the community to improve their symptoms caused by MS. Apart from demyelination, the other symptom of the disease 
is inflammation (6). Repetitive autoimmune attacks to the central nervous system are responsible for acute inflammatory 
injury and consequently the inability of people with the disease (3). On the other hand, studies have shown that cytokines 
play an important role in the pathogenesis of MS and they are a major target for therapeutic interventions (7). As stated, 
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MS causes inflammation, especially in the nervous system (4). These inflammatory responses are correlated with an 
upregulation of variety of cytokines in multiple sclerosis lesions (8). Some of the cytokines include gamma interferon 
(IFNγ), interleukin-1 (IL-1), and transforming growth factor (TGF-β). The mentioned factors cause disability in patients 
with MS and, in order to treat the disease, suppression of them can have beneficial effects in these patients (9). Today, 
because of complete failure of MS treatment, attention of researchers is attracted to complementary and traditional 
medicine and they are trying to use all available capacities to solve this problem. Treatment with alternative medicine or 
herbal medicine is becoming more and more acceptable day by day, and it is estimated that one in three people will use 
these treatments for various illnesses in his lifetime (10). On the other hand, the use of complementary medicine in 
diseases such as Parkinson’s, epilepsy and cancer suggests the potential use of this method in MS disease (11). 

Ethidium bromide (EB) is a compound used as a toxic substance to simulate the pathophysiological process of 
neurodegenerative diseases such as multiple sclerosis. Local injection of EB to the central nervous system (CNS) 
selectively eliminates oligodendrocytes and astrocytes and induces focal demyelination in the CNS (12). 

One of the plants used in herbal medicine is Aloe vera. Its’ scientific name is Aloe spp and belongs to Liliaceae or the 
lily family (13). It is a monocot plant, its flowers are massive clusters and it has orange to greenish yellow stem. The 
flower colors in A. vera species and in A. littoralis species are greenish yellow and reddish orange, respectively. With a 
similarity to cactus, Aloe vera is a perennial, succulent and fleshy plant with approximately up to 2 meters height. It has 
Lanceolate, acanaceous and thick leaves without petioles. Sharp thorns are observed on the margins of the leaves. When 
the thorns located at the edge of the leaves are removed, gel is released from their empty positions. This gel contains 
all the properties of the plant (14,15). The composition of this plant is included 96% of the Aloe vera gel, consisting of 
water and the remaining 4% containing many substances such as essential amino acids, vitamins, salts, enzymes and 
glycoproteins, of which 75 types are known. The compounds found in the Aloe vera extract gel contain polysaccharides 
that can reduce and repair inflammations (14,15). The most important chemical compounds of the plant are 
polysaccharides, anthraquinones, prostaglandins, phytoestrogens such as beta-sitosterol, cholesterol and fatty acids, 
including campesterol (16). By decreasing inflammatory cytokines, Aloe vera is stated to be effective in controlling 
inflammatory responses (17,18). It is also likely that Aloe vera improves the complications of patients with MS by 
inhibiting interferon gamma, interleukin-1, and transforming growth factor. Therefore, based on the mentioned issues 
and the harmful effects of MS disease on some inflammatory cytokines, and on the other hand, in order to reduce 
harmful effects of other chemical medicines for treatment of MS disease, it has tried in this study to use the Aloe vera 
extract gel to reduce harmful effects of chemical medicines. So, the aim of this study is to investigate the protective 
effects of the alcoholic extract of the plant on the serum levels of certain inflammatory cytokines in ethidium bromide-
induced MS model in adult female rats. 

MATERIALS AND METHODS 

A number of 30 adult female Wistar rats weighing 200-250 grams were used in this experimental study. The rats were 
kept in an animal breeding room for a period of one week to adapt to the environment. The rats were kept throughout 
the study in a cycle of 12 hours of light and 12 hours of darkness and at ambient temperature of 20 to 25 degrees of 
centigrade. They had free access to water and food. To induce MS disease and to destruct myelin sheath in this study, a 
solution of 14 μl ethidium bromide (Merck, Germany) was administered as dissolved in physiologic serum. The induction 
of MS in the rats in the experimental groups was performed by surgical procedure using a stereotactic device and 
Hamilton syringes and 30 needles (19). To prepare the Aloe vera alcoholic extract gel in this study, a number of fresh 
leaves of the plant were firstly prepared. The leaves were then washed and the gel removed. The gel (equal to four times 
of the volume) was poured in 95 degrees ethanol. Gel container was placed on a shaker for 4 days and the resultant 
solution was then filtered. It was concentrated using a rotary evaporator at a temperature adjusted at 45 ° C and dried 
completely at 40 ° C. The resultant product was extracted as a powder (20). When estrous cycle of the rats become 
synchronized in this study, they were randomly categorized into 6 groups of 5 each, including control (untreated), sham 
(treated with 14 μl of saline associated by ethidium bromide solvent using Hamilton syringe to the ventricle lateral), 
experimental 1 (treated with 14 μl of ethidium bromide solution associated with normal saline injected to the lateral 
ventricle by gavage) and experimental 2, experimental 3 and experimental 4 groups (treated intravenously with 14 μl of 
ethidium bromide solution with 300, 600 and 1200 mg/kg doses of the Aloe vera alcoholic extract gel by gavage, 
respectively ) (4,21,22). All the injections were performed during 35 days and blood samples were then taken from the 
hearts for measuring serum levels of TGF-β, interleukin 1 and interferon gamma (IFNγ). ELISA test was used to measure 
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the mentioned factors. The obtained data were analyzed using SPSS version 21 and analyzed by Analysis of Variance 
(ANOVA) test and Duncan test. The P <0.05 is considered as a significant difference. 

RESULTS 

Biochemical Results 

The results of this study showed that serum levels of TGF-β, interleukin 1 and interferon gamma in the group treated 
with ethidium bromide were significantly increased at the significance level of P≤0.05 compared to the control group. 
The levels of TGF-β, interleukin 1 and interferon gamma were not significantly altered in the rats concurrently received 
ethidium bromide associated with 300 mg/kg Aloe vera alcoholic extract gel compared to the group received ethidium 
bromide alone. In addition, no significant changes in the mean serum concentrations of TGF-β and interferon gamma of 
the rats concurrently received ethidium bromide with 600 mg/kg Aloe vera alcoholic extract gel was observed compared 
to those treated with ethidium bromide alone, but the mean serum concentration of interleukin 1 in this group showed 
a significant reduction at the level of P <0.05 compared to the group treated with ethidium bromide alone. The results 
of data analysis in this study showed that serum levels of TGF-β, interleukin 1 and interferon gamma in the rats 
concurrently received ethidium bromide associated with 1200 mg/kg dose of the extract were significantly reduced at 
the level of P≤0.05 compared to those treated with ethidium bromide alone (Table 1). 

DISCUSSION AND CONCLUSION 

Ethidium bromide is widely used as a DNA inserter to induce toxic demyelination in rodents (23). Various studies have 
shown that direct injection of the gliotoxin ethidium bromide induces oxidative stress and increases malondialdehyde 
(MDA) as index of lipid peroxidation, which indicates increased production of free radicals in the central nervous system 
(24).  

The results of this study showed that ethidium bromide increases the serum levels of the inflammatory factors 
including, TGF-β, interleukin-1 and interferon gamma (IFN-γ). Studies have suggested that TGF-β has several functions 
that include cell differentiation as well as inhibition of cell growth, modulation and suppression of inflammatory and 
immune responses which contribute to the process of inflammation in multiple sclerosis (25,26). Other studies have 
suggested that cortisol is one of the indicators that suppresses the immune system during inflammation process and so 
triggers immune deficiency of the body. This hormone acts by reducing the production of lymphocytes, especially T 
lymphocytes, by reducing the migration of white blood cells to the inflamed area, and also by reducing the release of 
interleukin-1 from white blood cells (27). In relation to the role of interleukins in MS disease, other studies have suggested 
that IL-6 and IL-17 have an important role in the disease (28).  Results of other studies have also indicated that MS 
progress is related to IFN-γ signaling. Among the biological activities of IFN-γ, activation of macrophages is of 
considerable importance. Based on this, IFN-γ leads to upregulation of pre-inflammatory parameters such as IL-12, IL-
15 and TNF-α. Excessive release of IFN-γ is associated with pathogenesis of autoimmune and chronic inflammatory 
diseases. This cytokine stimulates major inflammatory factors, such as IL-18 and TNF-α, and thus contributes in the onset 
of multiple sclerosis (29). 

In the present study, the levels of inflammatory factors of TGF-β, interleukin-1 and interferon gamma reduced dose-
dependently by the Aloe vera alcoholic extract gel compared to those of the ethidium bromide group. Studies have 
shown that Aloe vera extract containing polysaccharides, polyphenols, and vitamins A, C and E has antioxidant properties 
in humans and animals (30,31,32). According to results of these studies, Aloe vera extract gel can trap free radicals or 

Table 1: Amount of the biochemical parameters in the various groups (Mean ± SEM) 

Parameters Control Sham Ethidium bromide 
Ethidium bromide + 300 

mg/kg Aloe vera alcoholic 
extract gel 

Ethidium bromide + 600 
mg/kg Aloe vera alcoholic 

extract gel 

Ethidium bromide + 1200 
mg/kg Aloe vera alcoholic 

extract gel 
TGF-β 
(Pg/ml) 59.4±4.6 64.6±9.1 127.6±6.6** 124±3.8c** 116.4±4.15b** 103.6±13.6**# 

Interleukin 1 659.8±69.2 660.1±69.06 1013.04±10.96** 955.6±35.2**# 879.5±51.12# 770.7±52.02## 
Interferon 
gamma 37.94±4.6 39.54±9.1 53.94±6.6* 53.14±3.8* 52.72±4.15b* 47.90±13.6* 

** - Indicates a significant difference at level of P ≤0.01 compared to the control group. 
* - Indicates a significant difference at level of P ≤0.05 compared to the control group. 
## - Indicates a significant difference at level of P ≤0.01 compared to the group treated with ethidium bromide alone. 
# - Indicates a significant difference at level of P≤0.05 compared to the group treated with ethidium bromide alone. 
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remove free radicals through a series of bonding reactions along with antioxidant enzymes (30,31). Studies have also 
shown that Aloe vera has anti-inflammatory properties and it is effective in the treatment of inflammatory diseases and 
wound healing (18,17). Therefore, it is probable in the present study that the Aloe vera extract gel with anti-oxidant and 
anti-inflammatory properties prevented the effect of ethidium bromide on enhancement of serum levels of the 
inflammatory factors. The results of studies have shown that Aloe vera is effective on inhibiting inflammatory responses 
by inhibiting the production of interleukin 6 and interleukin 8, decreasing the adhesion of leukocytes, increasing 
interleukin 10 levels, and decreasing tumor necrosis factor alpha levels (TNF α) (17,18). Aloe vera plant improves and 
reduces TNF α levels in animal models with multiple sclerosis and thus improves symptoms in these patients, which 
shows that Aloe vera extract is an excellent complement in improvement of symptoms in such individuals (33). 

TOTAL CONCLUSION 

According to the results of this study, it was found that ethidium bromide which induced multiple sclerosis in the 
experimental model of the rats could increase the serum levels of TGF-β, interleukin-1 and interferon gamma, while the 
Aloe vera extract gel is dose dependent and probably due to its antioxidant and anti-inflammatory properties, it 
decreased the serum levels of the inflammatory factors including,  TGF-β, interleukin-1 and interferon gamma in the rats 
infected with ethidium bromide-induced MS disease. 
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