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Abstract
Multiple sclerosis (MS) is an autoimmune disease of the central nervous system (CNS) that leads to an
inflammatory demyelination, axonal damage, and progressive neurologic disability that affects ∼2.5 million people worldwide. The aim of the present research was to test the therapeutic effect of Aloe vera in
experimental model of MS. All experiments were conducted on C57BL/6 male mice aged 6–8 weeks. To
induce the experimental autoimmune encephalomyelitis (EAE), 250 µg of the myelin oligodendrocyte
glycoprotein 35–55 peptide emulsified in complete freund’s adjuvant was injected subcutaneously on day 0
over two flank areas. In addition, 200 ng of pertussis toxin in 100 µL phosphate buffered saline was injected
intraperitoneally on days 0 and 2. The therapeutic protocol was carried out intragastrically using 120 mg/
kg/day Aloe vera from 7 days before to 21 days after EAE induction. The mice were killed 21 days after EAE
induction. The brains of mice were removed for histological analysis and their isolated splenocytes were
cultured. The results indicated that treatment with Aloe vera caused a significant reduction in severity of
the disease in experimental model of MS. Histological analysis showed 3 ± 2 plaques in Aloe vera-treated
mice compared with 5 ± 1 plaques in control group. The density of mononuclear infiltration in the CNS of
Aloe vera-treated mice (500 ± 200) was significantly less in comparison to 700 ± 185 cells in control group.
Moreover, the serum level of nitric oxide in treatment group was significantly less than control animals. The
level of interferon-γ in cell culture supernatant of treated mice splenocytes was lower than control group,
whereas decrease in serum level of interleukin-10 in treatment group was not significant in comparison
with control mice. These data indicate that Aloe vera therapy can attenuate the disease progression in
experimental model of MS.
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Introduction
Multiple sclerosis (MS) is a chronic, immune-mediated
demyelinating disease of the central nervous system
(CNS) with unknown etiology which affects approximately two million people worldwide.(1,2) The pathogenesis of the disease is characterized by the activation
and infiltration of mononuclear cells, predominantly
antigen-specific CD4+ and CD8+ T cells and B cells, in
the CNS, reactivation by resident antigen presenting
microglial cells, secretion of proinflammatory cytokines/
chemokines along with generation of other inflammatory mediators, such as complement components, highly

reactive free radicals such as reactive oxygen and reactive
nitrogen species (RONS) resulting in the demyelination
of axons.(3)
Experimental autoimmune encephalomyelitis (EAE)
is currently the most commonly used animal model for
the study of MS. This model causes inflammation and
demyelination that is similar to the disease manifestation
seen in humans.(1) EAE is a T cell-mediated autoimmune
disease of the CNS, in which the myelin oligodendrocyte
glycoprotein (MOG) is an autoantigen recognized by
autoreactive T cells. Migration of encephalitogenic T
cells to the CNS plays an essential role in the development of EAE.(4) The Th1 effector cell subset responsible
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for production of proinflammatory cytokines such as
interferon-γ (IFN-γ) has traditionally been implicated in
the pathogenesis of certain autoimmune diseases including EAE.(5)
The EAE is thought to be a T cell-mediated autoimmune disease, so that, both Th1 and Th17 cells were
thought to be responsible for the inflammatory demyelination in MS and EAE. Th2 and Foxp3 regulatory T
cells and related cytokines such as interleukin-5 (IL-5)
and IL-10 have been shown to be important in the
resolution stages of the disease.(6) In addition, oxidative
stress could also contribute in pathogenesis of a wide
number of diseases including rheumatoid arthritis and
some neurological disorders via the overproduction
of RONS such as hydrogen peroxide, superoxide, and
peroxynitrite.(7)
Aloe vera is a perennial plant belonging to the family
of Liliaceae, which includes about 360 species.(8) Aloe
vera is a stemless, drought-resisting succulent. It is indigenous to hot countries and has been used medicinally
for over 5000 years by Egyptian, Indian, Chinese, and
European cultures. Aloe vera gel is the mucilaginous
aqueous extract of the leaf pulp of Aloe barbadensis
Miller. It contains over 70 biologically active compounds
and has been claimed to have anti-inflammatory, antioxidant, immune boosting, anticancer, antiageing and
antidiabetic properties.(9) Aloe plants have been used
medicinally for centuries. Among them, Aloe barbadensis, commonly called Aloe vera, is one of the most widely
used healing plants in the history of mankind.(10) Aloe
vera is one of the few substances known to effectively
decrease inflammation and promote wound healing.(11,12)
Aloe vera gel has been widely promoted and used by
patients for the treatment of a range of inflammatory
digestive and skin diseases, including inflammatory
bowel disease.(13) Gel is derived from the pulp of the
leaves and contains carbohydrate polymers such as
glucomannanes or pectic acid.(14) Because, the polysaccharides have diverse immunomodulatory activities
in vivo as well as in vitro.(15) Collectively, Aloe vera is a
modulator of cellular and humoral immunity.(16)

Material and methods
Mice
C57BL/6 male mice, 6–8 weeks of age were obtained from
the Pasture Institute of Iran. Mice were randomly separated into three groups; normal, control and treatment,
with eight mice in each group. All mice were housed in
cages in groups of four, under 12-h light–dark cycle and
free access to food and water. All procedures involving
animals were performed according to the guidelines
of the Animal Ethic approved by Tehran University of
Medical Science.

Preparation of Aloe vera gel extract
Aloe vera powder was prepared from Aloe vera leaf gel
according to the published procedure(17) with slight
modifications. Mature, healthy and fresh leaves of Aloe
vera having a length of ∼75–90 cm were washed with fresh
water. The leaves were cut transversely into pieces. The
thick epidermis was selectively removed. The solid gel
in the center of the leaf was homogenized. The prepared
mucilaginous, thick and straw colored homogenate was
lyophilized. The lyophilized sample was then extracted
using 95% ethanol. The filtrate was collected and evaporated to dryness under reduced pressure in a rotary
evaporator. The residue was stored in dry sterilized small
containers at 4°C for future use. An aqueous suspension
which is the form customarily used in folk medicine was
prepared by dissolving suitable amount of ethanol free
extract of Aloe vera leaf gel to get the desired concentration. The drug solutions were prepared freshly and
administered intragastrically once per day, based on the
designed program.(17)
EAE induction and therapeutic protocol
Initially, anesthesia was done by ether and each mouse
then received a subcutaneous injection of 250 μg synthetic MOG 35–55 (MEVGWYRSPFSRVVHLYRNGK;
Diapharm Ltd, Russia) in 100 μL phosphate buffered
saline (PBS) mixed with 100 μL of complete Freund’s
adjuvant (Sigma-Aldrich, St. Louis, MO). A 100 μL volume was injected subcutaneously over two flank areas.
Mice were also intraperitoneally injected with 250 ng
of pertussis toxin (Sigma-Aldrich) in 400 μL of PBS. A
second, identical injection of pertussis toxin was given
after 48 h.(1,6)
Aloe vera was administered intragastrically at dose
120 mg/kg/day.(18,19) Control animals received PBS. Daily
treatment was carried out from 7 days before EAE induction to day 21 postinduction. Clinical assessment was
performed daily from day 9 postimmunization until day
21. Mice were monitored daily and assessed by clinical
score. The clinical assessment was scored as follows: 0, no
clinical sign; 1, partial loss of tail tonicity; 2, complete loss
of tail tonicity; 3, flaccid tail and abnormal gait; 4, hind
leg paralysis; 5, hind leg paralysis with hind body paresis;
6, hind and foreleg paralysis; 7, moribund or death.(20)
Histology assessment
To evaluate histopathology, mice were killed after 21
days following anaesthetization by perfusion ketamine &
Zylasin through the heart. Brains were dissected out and
fixed with neutral 10% formalin overnight and routinely
embedded in paraffin wax. Brain sections (8 μm thick)
were stained with Hematoxylin and Eosin (H&E) that used
to highlight areas of inflammation by darkly staining the
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Nitrite assay
Nitric oxide (NO) was assayed by measuring nitrite as
the end product of reaction, which was determined by
a colorimeter assay based on the Griess reaction. Griess
reagent was prepared by solving 1 g sulfanilamide in
100 mL phosphoric acid 5% mixed with 0.1 g naphtyl
ethylene diamine HCl in 100 mL distilled water. Serum
sample (100 μL) was mixed with 100 μL of Griess reagent
at room temperature for 10 min. Absorbance was measured using microplate reader at 550 nm. Concentration
of nitrite was determined by standard curve of sodium
nitrite prepared in distilled water.(22)
IFN-γ and IL-10 evaluation
Single cell suspensions were obtained from spleens 21
days postimmunization. Splenocytes isolated from mice
were treated with lysis buffer to remove red blood cells.
Cells were resuspended in PBS and a cell count was
performed. 2 × 106 cells/well were cultured in 24-well
culture plates (Greiner Bio-One, Germany) in Roswell
Park Memorial Institute medium supplemented with 10%
FCS, 2 mM L-glutamine, 50 μg/mL gentamicin–penicillin
(Sigma), in the presence of 10 μg/mL MOG 35–55 peptide.
Cultures were incubated for 72 h in 5% CO2 at 37°C. To
assay cytokine, cells culture supernatants were collected
after stimulation with antigen. IFN-γ and IL-10 have been
quantified by two-site sandwich enzyme-linked immunosorbent assay (ELISA) using a commercially available
kit (Bender Med. Systems, Austria) on cell culture supernatants. Absorbance was read at 450 nm using microplate
ELISA reader (Stat Fax 2100, Awareness US). The concentration of cytokine was estimated from a standard curve
generated with each run.
Statistics
Statistical analyses were performed by Mann–Whitney
nonparametric test and the Student’s t-test for unpaired
data. Results were reported as mean ± SD; P <0.05 were
considered to be statistically significant.

Results
Clinical findings
All immunized mice with MOG 35–55 developed EAE.
The clinical course and severity of the disease differed

consistently between treatment and control groups
(Figure 1). The mean severity score of disease was higher
in control mice (4.87 ± 0.83) than in treated animals
(2 ± 1.41), (P < 0.05). These effects were led to significant
clinical improvement and delayed disease progression
during 21 days of observation, indicating that Aloe vera
can inhibit the progression of EAE.
Histology findings
We examined whether it could be a correlation between
the clinical symptoms of EAE with histopathology of
CNS in control and treated mice. Histology analysis
showed 3 ± 2 plaques in group of Aloe vera-treated mice
whereas 5 ± 1 plaques (in each section) were detected
in control group as shown in Figure 2 (P < 0.001). The
density of mononuclear infiltration in the CNS of Aloe
vera-treated mice was 500 ± 200 whereas it was 700 ± 185
(P < 0.001), in the control group, as shown in Figure 2.
The mice treated with Aloe vera displayed a less inflammation in the CNS compared with control animals.
These results indicate that the histopathology of CNS
correlates with the clinical severity of EAE in treated and
control mice.
NO production findings
Griess reaction was performed on serum sample. As
shown in Figure 3, NO production was significantly
reduced in treated mice (8/07 ± 2/02 μM, P < 0.05), compared to control mice (11.14 ± 2.8 μM). In the normal
group NO production was 4.7 ± 1.25 μM.

Mean clinical score comparison
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nuclei of mononuclear cells. Immune cells stained with
H&E were counted in a blinded manner under a light
microscope using a ×10 magnification with 12 sections
examined per animal. Each section was counted manually
before being combined to give a total for the animal.(21)
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Figure 1. Mean clinical scores of experimental autoimmune encephalomyelitis (EAE) induced by myelin oligodendrocyte glycoprotein
(MOG) 35–55 in control mice and in mice treated with Aloe vera. All
mice were immunized with 250 μg MOG 35–55 emulsified in complete
freund’s adjuvant and screened every other day for the presence of
clinical signs of EAE.
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Discussion

IFN-γ and IL-10 assessment
Splenocytes were obtained from mice and cultured for
72 h in the presence of MOG 35–55. Treatment group
exhibited significantly lower levels of IFN-γ production in
comparison with patient group (Figure 4, 313 ± 187 ρg/mL
and 1492 ± 443 ρg/mL, respectively, P < 0.001), whereas
the level of IL-10 production in treatment group had
not significantly changed in comparison with control
group (Figure 5, 1151± 426 ρg/mL and 1187 ± 548 ρg/mL,
respectively)
A

EAE as experimental model of MS is an autoimmune disease of CNS mediated by CD4+ T lymphocytes specific
for autoantigens of the myelin sheath, including myelin
basic protein, proteolipid protein and MOG peptide.(23,24)
Remitting/relapsing-EAE (RR-EAE) induced by active
immunization with the immunodominant epitope of
MOG 35–55 is characterized by an initial acute phase, followed by a series of remissions and relapses.(25) CD4+ Th1
cells and their proinflammatory cytokines are suspected
to be important in the pathogenesis of MS, and necessary
for the induction of RR-EAE.(26)
The cytokine profile and the nature of cellular infiltrate
are markedly different during the clinical course of
RR-EAE, so that the maximal expression of the proinflammatory cytokines IFN-γ and tumor necrosis factor-α
2500

B

IFN-γ pg/ml

2000

***

1500

Aloe
Ctrl

1000

C

500
0

Figure 2. Brain sections from (A) normal, (B) control, (C) treated mice
were stained with H&E. Leukocyte infiltration are less evident in the
Aloe vera-treated mice in comparison with control mice.
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Figure 4. Spleen cells were isolated from all mice on day 21 following
immunization with MOG 35–55 and cultured. The culture supernatants were collected after 72 h, and the levels of interferon-γ was measured by enzyme-linked immunosorbent assay. The values are mean of
triplicates, and the error bars represent SD. ***P < 0.001.
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Figure 3. NO production was measured by the Griess reagent. Data
are presented as the mean ± SD of duplicate samples from 5 to 10 mice.
*P < 0.05, **P < 0.01.
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Figure 5. Spleen cells were isolated from all mice on day 21 following
immunization with MOG 35–55 and cultured. The culture supernatants were collected after 72 h, and the levels of IL-10 was measured
by enzyme-linked immunosorbent assay. The values are mean of triplicates, and the error bars represent SD.
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are important mediators for disease induction. Th2 cell
clones specific for encephalitogenic peptides are unable
to induce the disease and can inhibit Th1 autoimmune
clones, presumably by secreting IL-4, IL-10, and transforming growth factor-β.(27)
Our findings suggest that Aloe vera is capable of
suppressing a preactivated immune system in the late
effector phase leading into disease eruption. We assume
that several mechanisms involve in therapeutic effect of
Aloe vera.
The pathogenic processes in EAE are mainly related
to the secretion of IFN-γ.(28,29) This study showed that
treatment with Aloe vera can inhibit a proinflammatory
Th1-based cytokine response and attenuate clinical signs
in EAE. The results obtained in this research clearly show
that Aloe vera therapy effectively reduces the severity of
EAE-associated clinical symptoms. Moreover, Aloe vera
therapy showed an appropriate cytokine response based
on decreasing the proinflammatory Th1 cytokine, IFN-γ
production.
In addition, the results showed that the level of serum
NO was significantly less than control group, because the
pathway over which IFN-γ induces NO production might
be defeated through decreasing the production of this
cytokine.(5)
NO is a free radical gas which acts as an important
mediator/messenger in neuroprotection, neurotransmission, memory, and synaptic plasticity under physiological conditions. However, it has been reported that high
amounts of NO have antiproliferative and/or cytotoxic
effects in rat oligodendrocyte cultures leading to damage.
Also, in an experimental model the inhibition of inducible
NO Synthase expression and NO production prevented
development of allergic encephalomyelitis. These reports
indicate the neurotoxicity of excessive amounts of NO in
MS. In particular lysis of oligodendrocytes by cytotoxic T
lymphocytes leading to demyelination can be the result
of NO secreted by monocytes, macrophages, and microglia. This indicates the modulatory action of NO on T-cell
function.(30)
NO may be involved in the development of several
pathological features of MS, the hallmark of which is the
demyelinated plaque with reactive glial scar formation.(31)
NO has two major effects on cerebral vessels, both
of which may be involved in the pathogenesis of MS
lesions—namely, vasodilation and a disturbance of the
blood brain barrier. NO can arise in lesions from various
sources, including nerve terminals.(32,33) NO can promptly
and reversibly block axonal conduction(31) and demyelinated axons are particularly vulnerable to this effect.(34)
The simple exposure of axons to low micromolar NO can
result in persistent conduction block(35) due (at least in
vitro) to axonal degeneration.(31,36) It has been noted that
NO inhibits T lymphocyte proliferation, preferentially
Th1 cells.(37,38)

These results suggest that Aloe vera modulates EAE, at
least in part, by suppressing NO and IFN-γ production.
This finding encourages further investigations on Aloe
vera and its role as a potential candidate for developing
more efficient therapeutic strategies against multiple
sclerosis.
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