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Abstract
Hydroxycitric acid (HCA) is derived primarily from the Garcinia plant and is widely used for its anti-in-
flammatory effects. Multiple sclerosis can cause an inflammatory demyelination and axonal damage. In this 
study, to validate the hypothesis that HCA exhibits therapeutic effects on multiple sclerosis, we established 
female C57BL/6 mouse models of multiple sclerosis, i.e., experimental autoimmune encephalomyelitis, 
using Complete Freund’s Adjuvant (CFA) emulsion containing myelin oligodendrocyte glycoprotein 
(35–55). Treatment with HCA at 2 g/kg/d for 3 weeks obviously improved the symptoms of nerve injury of 
experimental autoimmune encephalomyelitis mice, decreased serum interleulin-6, tumor necrosis factor 
alpha, nitric oxide, and malondialdehyde levels, and increased superoxide dismutase and glutathione reduc-
tase activities. These findings suggest that HCA exhibits neuroprotective effects on multiple sclerosis-caused 
nerve injury through ameliorating inflammation and oxidative stress.   

Key Words: nerve regeneration; hydroxycitric acid; multiple sclerosis; inflammation; oxidative stress; experimental 
autoimmune encephalomyelitis; neural regeneration 

Introduction
Multiple sclerosis (MS) is a common and chronic central 
nervous system (CNS) demyelinating disease and a leading 
cause of permanent disability. MS is characterized by the 
destruction of the myelin sheath that surrounds neuronal 
axons in the CNS, a process that results in neurodegener-
ation and consequently the formation of sclerotic plaques 
in the brain (Steinman, 2001). Experimental autoimmune 
encephalomyelitis (EAE) is the most frequently used model 
for studying MS. EAE can cause inflammation and demy-
elination similar to disease manifestation seen in humans 
(Peiris et al., 2007). Adaptive and innate immune cells acti-
vate and infiltrate the CNS where they act synergistically in 
inducing and perpetuating local inflammation and demye-
lination (Huitinga et al., 1995). The activated microglia and 
the release of molecules such as matrix metalloproteinases 
(MMPs) and pro-inflammatory cytokines tumor necrosis 
factor-alpha (TNF-α), interleukin (IL)-1β and IL-6, which 
are detrimental to oligodendrocytes have been suggested 

as mechanisms by which innate immunity proceeds demy-
elination in EAE (Sriram, 2011). Another type of innate im-
mune cell that plays a pivotal role in EAE pathogenesis is the 
macrophage (Huitinga et al., 1995). Macrophages contribute 
to demyelination by promoting immune cell infiltration and 
inflammation in the CNS by secreting an array of pro-inflam-
matory mediators, including IL-6 and TNF-α which exerts 
neurotoxic and chemoattractant effects on the CNS (Mirsha-
fiey et al., 2014b). The participation of these cytokines in the 
demyelinating process is probably due to the perpetuation of 
macrophage and microglial activation (Taupin et al., 1997). In 
addition, oxidative stress could contribute to the pathogenesis 
of MS. Reactive oxygen species (ROS) and reactive nitrogen 
species (RNS) have been demonstrated to be created in the 
CNS of MS patients mainly by activated macrophages and 
microglia structures responsible for demyelination and axonal 
disruption (Lu et al., 2000; Miller et al., 2013). Circumstantial 
evidence suggests that nitric oxide (NO) plays a role in several 
features of the MS disease, including disruption of the blood-

http://orcid.org/0000-0001-5658-2511


1611

Goudarzvand M, et al. / Neural Regeneration Research. 2016;11(10):1610-1616.

brain barrier (BBB), oligodendrocyte injury and demyelin-
ation, and axonal degeneration, and that it contributes to the 
loss of function by causing impairment of axonal conduction 
(Smith and Lassmann, 2002). Antioxidants decrease the ex-
pression of inflammation related molecules such as inducible 
nitric oxide synthase (iNOS) and nitrotyrosine, a marker 
of peroxynitrite reactivity in the CNS of EAE mice (Moriya 
et al., 2008). Dietary antioxidants are well known for their 
antioxidant activity, but recent findings indicate that they 
may have additional properties independent of their roles as 
antioxidants and radical scavengers (Riccio et al., 2011). Anti-
oxidants possess significant therapeutic potential for the treat-
ment of inflammatory disorders. Antioxidants are present in 
a variety of plants and promote health by removing damaging 
free radicals from the cellular environment and inhibiting the 
production of inflammatory mediators (Lu et al., 2009). 

Garcinia extract is an herbal preparation and a safe dietary 
supplement. Its active ingredient is hydroxycitric acid (HCA) 
which has been traditionally used for weight loss and blood 
cholesterol reduction in humans (Kim et al., 2011). Recently, 
HCA has been reported to reduce the inflammatory me-
diators (Sripradha and Magadi, 2015) and oxidative stress 
determinants (Amin et al., 2011b) in several experimental 
models of autoimmune and inflammatory diseases including 
inflammatory bowel disease (dos Reis et al., 2009), gastric 
ulcer (Mahendran et al., 2002), type 2 diabetes (Asghar et al., 
2007), and oxidative dysfunction of the brain (Amin et al., 
2011a). Therefore, the objective of this study was to investi-
gate the anti-inflammatory and anti-oxidative effects of HCA 
in experimental models of MS.

Materials and Methods
Animals 
Twenty-four C57BL/6 male mice, aged 10 weeks, weighing 
20–22 g, were obtained from the Experimental Animal Cen-
ter of Pasture Institute of Iran. The mice were randomly sep-
arated into three groups: normal intact (no EAE induction 
and no treatment), EAE induction (EAE induction only) 
and HCA treated (EAE induction followed by HCA admin-
istration), with 8 mice in each group. All mice were housed 
in cages under 12-hour light/dark cycle and with free access 
to food and water. All procedures involving animals were 
approved by Animal Ethics Committee of Tehran University 
of Medical Sciences, Iran.

EAE induction and therapeutic protocol
All mice were daily weighed starting from the first day of the 
adaptation to the end of the experiment, and their weights 
were recorded. EAE induction was performed using a Hooke 
Kit (Hooke Laboratories, Inc., Lawrence, MA, USA). The EAE 
induction kit consisted of two components: antigen (MOG35-
55) in an emulsion with Complete Freund’s Adjuvant (CFA) 
in two pre-filled syringes, and a vial of lyophilized pertussis 
toxin (PTX). The lyophilized PTX was dissolved in PBS on 
day 0. The mice were subcutaneously injected with 0.1 mL of 
emulsion each site on the upper back and lower back, respec-
tively. Approximately 2 hours after injection of the emulsion, 

the first dose of PTX (0.1 mL/mouse) was injected intraperi-
toneally (IP). This was repeated 24 hours later as the second 
dose of PTX (0.1 mL/mouse). 

The garcinia extract (SanHerb Biotech Inc., Chengdu, Sich-
uan Province, China) used in this study contained 50%(-)-hy-
droxycitric acid. The (-)-hydroxycitric acid content was deter-
mined by titration against 1 M NaOH. The mice in the EAE 
induction and HCA treated groups were administered orally 
with vehicle (sterile water) and HCA, respectively at the spec-
ified dose of 2 g/kg/mouse (0.2 mL) once daily, for 3 weeks, 
from day 0 after immunization through animal-feeding nee-
dles. The mice were monitored daily and assessed by clinical 
score (visual cumulative clinical scoring system, the mice 
scored higher than 3 in EAE induction group were regard-
ed as the successful models) based on Hooke Laboratories 
recommendation. Clinical score of EAE mice was defined 
as follows: 0, no clinical sign;  0.5, paralysis of the tail tip; 1, 
complete paralysis of the tail; 1.5, complete paralysis of the 
tail and inhibition of hindlimbs; 2, complete paralysis of the 
tail and numbness of the hindlimbs, hindlimbs held together 
when lifting them by the tail tips; 2.5, complete paralysis of 
the tail, dragging the hindlimbs when moving; 3, complete 
paralysis of the tail and hindlimbs, and/or paralysis of the 
tail and one of the hindlimbs and one of the forelimbs; 3.5, 
complete paralysis of the tail and hindlimbs; 4, complete pa-
ralysis of the tail and hindlimbs and partial paralysis of the 
forelimb; 4.5, complete paralysis of the tail and hindlimbs 
and forelimbs, no movement (sacrifice at this time is pro-
posed); 5, dead because of paralysis.

Histopathological examination 
On day 21 after immunization, all mice were anesthetized 
and blood samples were taken from their hearts. For his-
topathological evaluation, mice were sacrificed following 
anesthesia, and the brains from normal, EAE induction, and 
HCA treated mice were removed and fixed in neutral 10% 
formalin, embedded in paraffin, sectioned (8 μm thick) and 
then stained with hematoxilin-eosin (H&E) for counts of 
meningeal and parenchymal inflammatory foci and with 
Luxol fast blue (LFB) stain to distinguish demyelination 
(Azizi et al., 2014). All sections were observed by an expert 
pathologist blinded to the study under optical microscopy 
(Olympus, Tokyo, Japan). The following criteria were used 
for scoring: 0 = no symptoms; 1 = very mild; 2 = mild; 3 = 
moderate; 4 = severe; 5 = very severe. 

NO assay
NO in the serum samples was assessed by Griess method 
(Amin et al., 2011a) based on the assessment of the end 
product of nitrite. Griess method uses a colorimetric reac-
tion for measuring the NO2– (nitrite) level in aqua solution. 
Griess reagent was prepared by solving 1g sulfanilamide in 
100 mL 5% phosphoric acid mixed with 0.1 g naphtyl eth-
ylene diamine-HCl (NED) in 100 mL distilled water. Serum 
sample (50 μL) was mixed with 50 μL of Griess reagent at 
room temperature for 10 minutes. Absorbance at 540 nm 
was measured using ELISA reader instrument (BioTek 
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Instruments, Inc., Winooski, VT, USA). Concentration of 
nitrite was determined by standard curve of 0.1 M sodium 
nitrite in distilled water. 

Total antioxidant capacity
Total antioxidant capacity was determined based on ABTS 
radical cation2,29-azino-bis (3-ethylbenzothiazoline-6- sul-
fonic acid) scavenging. ABTS radical cation is blue/green, 
but loses its color after reduction. ABTS (7 mM) was mixed 
with potassium persulfate (2.5 mM) in water and then stored 
in the dark at room temperature for 12 hours. Stock solution 
was diluted in PBS to absorbance of 0.70 ± 0.02 at 734 nm 
to prepare working solution. 20 µL of serum and 2 mL of 
ABTS radical working solution were mixed in a plastic cu-
vette. Reducing optical absorbance was monitored by spec-
trophotometry and expressed as the percentage of radical 

inhibition. Bocine serum albumin (BSA) instead of Trolox 
was used. To convert the inhibition percentage to g/dL, BSA 
standard curve was used. 

Super oxide dismutase (SOD) activity
A ZellBio GmbH SOD kit (Biocore Diagnostik, Ulm, Ger-
many) was used to perform SOD assay in serum of all mice. 
This kit can be used for SOD activity determination in the 
range of 5–100 U/mL with 1 U/mL sensitivity. In this assay, 
SOD activity unit was considered as the amount of the sam-
ple that catalyzes decomposition of 1 µmol of O2– to H2O2 

and O2 in 1 minute. The final activity of SOD was deter-
mined calorimetrically at 420 nm.

Glutathione reductase (GR) assessment
A ZellBio GmbH (Biocore Diagnostik) kit was used to assay 

Table 1 Histopathological finding in the cerebrum of experimental autoimmune encephalomyelitis mice on day 21 after immunization 

EAE induction HCA treated P value*

Demyelination 1.87±0.83 0.75±0.70 0.017
Degeneration 2.12±0.64 0.87±0.64 0.004
Infiltration of inflammatory cells in leptomeninges 2.00±0.75 0.62±0.74 0.006
Hyperemia of meningeal vessels 1.87±0.64 0.37±0.51 0.001
Leukocyte margination 1.75±0.70 0.62±0.74 0.013
Perivascular cuffing 1.75±0.70 0.25±0.46 0.001
Perivascular edema 1.50±0.92 0.25±0.46 0.007
Hypercellularity 2.12±0.64 0.62±0.74 0.003
Laminar necrosis 2.00±0.75 0.87±0.64 0.010
Endothelial cell hypertrophy 2.00±1.06 0.62±0.74 0.017
Spongiosis 1.50±0.92 0.50±0.75 0.036

Demyelination: Loss of myelin from the nerve sheaths; leptomeninges: the two innermost layers of tissue (the arachnoid mater and pia mater) 
that cover the brain and spinal cord; hyperemia: too much blood that accumulates in micro circulation such as in meningeal vessels; leukocyte 
margination: accumulation and adhesion of leukocytes to the endothelial cells of blood vessel walls at the site of injury in the early stage of 
inflammation; perivascular cuffing: the accumulation of leukocytes around the vessel; laminar necrosis: necrosis of a selected neuron in a particular 
layer of cerebral cortex; spongiosis: vacuolation of cerebral gray and white matter; hypercellularity: increased number of glial and/inflammatory 
cells in a tissue.  Data are expressed as the mean ± SD. *All differences were statistically significant (*P < 0.05; Mann-Whitney U test). EAE: 
Experimental autoimmune encephalomyelitis; HCA: hydroxycitric acid.   

Table 2 Histopathological findings in the cerebellum of experimental autoimmune encephalomyelitis mice on day 21 after immunization 

                   EAE induction HCA treated P value*

Demyelination                                                  2.00±0.75 0.62±0.51 0.003
Degeneration                                                      2.00±0.75 0.62±0.51 0.003
Infiltration of inflammatory cells inleptomeninges 1.62±0.74 0.62±0.74 0.022
Hyperemia of meningeal vessels 2.12±0.83 0.62±0.74 0.006
Leukocyte margination 2.25±0.88 0.62±0.74 0.005
Perivascular cuffing 2.12±0.64 0.62±0.74 0.003
Perivascular edema 2.12±0.83 0.37±0.51 0.002
Hypercellularity 2.25±0.88 0.62±0.51 0.003
Endothelial cell hypertrophy 1.87±0.99 0.75±0.7 0.028
Spongiosis 1.87±0.99 0.50±0.75 0.010

Demyelination: Loss of myelin from the nerve sheaths; leptomeninges: the two innermost layers of tissue (the arachnoid mater and pia mater) 
that cover the brain and spinal cord; hyperemia: too much blood that accumulates in micro circulation such as in meningeal vessels; leukocyte 
margination: accumulation and adhesion of leukocytes to the endothelial cells of blood vessel walls at the site of injury in the early stages of 
inflammation; perivascular cuffing: the accumulation of leukocytes around the vessel; spongiosis: vacuolation of cerebral gray and white matter; 
hypercellularity: increased number of glial and/inflammatory cells in a tissue. Data are expressed as the mean ± SD. *All differences were 
statistically significant (*P < 0.05; Mann-Whitney U test). EAE: Experimental autoimmune encephalomyelitis; HCA: hydroxycitric acid.      
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Table 3 Serum total antioxidant capacity, super oxide dismutase and glutathione reductase activities, and malondialdehyde and nitric oxide 
in mice on day 21 after immunization

Normal (n = 6) EAE induction (n = 8) HCA treated (n = 8) P value*

Total antioxidant capacity (g/dL) 418.00±84.00 367.37±75.00 525.25±111.00 0.009
Super oxide dismutase (U/mL) 21.89±2.39 18.26±2.82 23.28±2.84 0.005
Glutathione reductase (U/L) 69.15±9.47 53.60±14.21 61.76±16.69 0.507
Malondialdehyde (nmol/mL) 6.71±1.55 9.28±1.06 7.28±1.27 0.021
Nitric oxide (µM) 6.12±1.45 11.49±2.86 8.50±1.34 0.025

Statistical analysis was performed by one-way analysis of variance. Data are expressed as the mean ± SEM. *P values represent the differences 
between the EAE induction and HCA treated groups. EAE: Experimental autoimmune encephalomyelitis; HCA: hydroxycitric acid.      

GR. This kit can be used for activity determination in the 
range of 10–15 U/L with 1U/L sensitivity. The GR activity 
was determined photometrically at 340 nm.

Quantification of malondialdehyde (MDA)
Lipid peroxidation was estimated according to a previous 
report (Satoh, 1978). The principle of the method was based 
on spectrophotometric measurement. The complex of thio-
barbituric acid (TBA) dissolved in sodium sulfate and MDA 
was created. After heating, the chromogenic (thiobarbituric 
acid (TBA) reactive substances (TBARS)) complex was ex-
tracted by n-butyl alcohol and then solid phase was checked 
by spectrophotometry (Shimadzu, Kanagawa, Japan) at a 
wavelength of 530 nm. 1,1,3,3-Tetramethoxypropane in sul-
furic acid was used as a standard solution. MDA concentra-
tion in nmol/mL was calculated from standard curve from 
1,1,3,3 tetraethoxypropane. 

Quantification of TNF-α 
Serum level of TNF-α was measured in normal, EAE in-
duction, and HCA treated mice using enzyme-linked im-
munosorbent assay (Azizi et al., 2014). To evaluate TNF-α, 
we used R&D kits (R&D Systems, Inc. Minneapolis, MN, 
USA). All assays were performed according to the manu-
facturer’s instructions. Absorbance at 450 nm was read in 
a 96-well microplate ELISA reader (BioTek Instruments, 
Inc.).

Quantification of IL-6
ELISA assay was used to measure serum level of IL-6 in 
all groups using a LEGEND MAX™ Mouse IL-6 ELISA Kit 
(Biolegend, Inc. San Diego, CA, USA). The complete kit con-
tained 96-well strip plates pre-coated with a capture antibody 
which was used to measure serum level of IL. ELISA assay 
was performed according to the manufacturer’s instructions. 
Absorbance at 450 nm was read in a 96-well microplate ELI-
SA reader (BioTek Instruments, Inc.).

Statistical analysis
Data were expressed as the mean ± SEM, except for histo-
logical scores, which were calculated as the mean ± SD. Sta-
tistical analysis was performed by the Mann-Whitney U test 
for nonparametric data whereas Student’s t-test and one-way 
analysis of variance were used for parametric data. A P value 
of < 0.05 was considered statistically significant.

Results
Clinical findings
The clinical course and severity of the disease differed be-
tween HCA treated and EAE induction groups. The mean 
severity score of the disease was higher in the EAE induction 
group than in the HCA treated group (Figure 1). Also, EAE 
incidence was lower (7 out of 8 mice), and EAE onset was 
delayed in HCA treated group than in EAE induction group 
(8 of 8 mice; Figure 2). These effects led to significant clin-
ical improvement and delayed disease progression during 
21 days of observation, indicating that HCA can inhibit the 
progression of EAE.

Histological findings
Representative images of hematoxylin-eosin and Luxol fast 
blue-stained tissue sections from all groups demonstrated 
that inflammation and demyelination were significantly 
milder in the HCA treated group than in the EAE induction 
group (Figure 3). The results illustrated in Tables 1, 2 indi-
cate that the severity of inflammation in the cerebellum and 
cerebrum observed by histopathology was consistent with 
the clinical symptoms of mice in the HCA treated and EAE 
induction groups. 

Antioxidants and oxidative stress status
At 21 days after EAE induction, as shown in Table 3, NO 
production was significantly reduced in HCA treated group 
than in EAE induction group (P = 0.025). Serum level of 
HCA was significantly increased in the HCA treated group 
than in the EAE induction group (P = 0.009). As shown 
in Table 3, SOD activity was increased in the HCA treated 
group than in the EAE induction group (P = 0.005). GR ac-
tivity was also increased in the HCA treated group, however, 
this increase was not significant compared to that in the EAE 
induction group (P = 0.507). HCA treatment resulted in a 
decrease in serum MDA concentration. As shown in Table 
3, serum MDA concentration was decreased in the HCA 
treated group than in the EAE induction group (P = 0.021). 
Therefore, HCA treatments decreased serum NO and MDA 
concentrations but increased serum total antioxidant capaci-
ty, which are consistent with clinical findings.

Serum levels of TNF-α and IL-6
Serum levels of TNF-α and IL-6 were significantly decreased 
in the HCA treated group than in the EAE induction group (P 
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= 0.001 for TNF-α; P = 0.012 for IL-6) (Figures 4, 5). 

Discussion
EAE is an animal model of MS that causes brain inflamma-
tion and demyelination mediated by immune responses to 
brain antigens. CD4+ T cells, especially Th1 and Th17, as 
well as their pro-inflammatory cytokines including IL-17, 
IFN-γ and TNF-α, along with myelin-specific CD8+ T cells 
and infiltrated macrophage within the CNS are suspected 
to be important in the immunoinflammatory-mediated de-
myelination of MS (Beck et al., 1988; Murphy et al., 2010). 
Immunomodulatory agents are reasonably effective in the 
treatment of MS and EAE, and appear to delay the time of 
progression of the disease to disabling stages (Lopez-Diego 
and Weiner, 2008; Azizi and Mirshafiey, 2013; Naddafi et al., 
2013; Haghmorad et al., 2014; Mirshafiey et al., 2014a; Afraei 
et al., 2015; Azizi et al., 2015). In the present study, we evalu-
ated the efficacy of HCA in animal models of MS and found 

that this anti-inflammatory and antioxidant agent (Clouatre 
and Preuss, 2013) can treat EAE by reducing the severity, 
lowering the incidence and delaying the onset of EAE in 
C57BL/6 mice. 

Our findings suggest that HCA is capable of suppressing a 
pre-activated immune system in the late effector phase lead-
ing to disease eruption, as histopathological studies showed 
that the severity of demyelination, neuronal degeneration, 
infiltration of inflammatory cells, and perivascular cuffing in 
the brain and cerebellum of the mice with EAE which were 
treated orally with HCA was significantly milder than in ve-
hicle treated mice.

NO may be involved in the pathogenesis of MS, the hall-
mark of which is the demyelinated plaque with reactive glial 
scar formation (Smith and Lassmann, 2002). Down-regula-
tion of myelin gene expression in human oligodendrocytes 
by NO has been reported in a study by Jana and Pahan (2013). 
This study illustrates a novel biological role played by NO in 

Figure 1 Effect of hydroxycitric acid (HCA) on clinical course and 
disease severity of experimental autoimmune encephalomyelitis 
(EAE) mice.
Female C57BL/6 mice (n = 8) were orally administered HCA (2 g/kg/d) 
from day 0 to day 20 after immunization in the HCA treated group. 
Disease severity was assessed by a visual cumulative scoring system. 
Lower scores indicate less severe symptoms. Cumulative scores from 
day 8 to day 21 after immunization are given as the mean ± SEM. *P < 
0.05 at each time point was considered between HCA and EAE induc-
tion groups by Mann-Whitney U test. 

Figure 2 Effect of hydroxycitric acid (HCA) on experimental 
autoimmune encephalomyelitis (EAE) in mice.
After immunization, C57BL/6 mice (n = 8) were orally administered HCA. 
In the HCA treated group, the onset of EAE was significantly delayed com-
pared with that in the EAE induction group. Data analysis was performed 
using Student's t-test. Data are expressed as the mean ± SEM. *P < 0.01, vs. 
EAE induction group.

Figure 3 Representative optical 
microscopy images of the brain slices in 
different groups on day 21 after 
immunization.
 (A) Hematoxylin-eosin staining of brain 
slices showed that HCA treatment sup-
pressed the progression of inflammation 
(arrows) obviously by restricting leuko-
cyte infiltration (magnification × 100). 
(B) Luxol fast blue staining showed less 
demyelination sites (arrows) in the HCA 
treated group than in the EAE induction 
group (magnification × 40). N: Normal 
group; C: control group (EAE induction 
only); H: HCA treated group (EAE in-
duction followed by HCA treatment). 
HCA: Hydroxycitric acid; EAE: experi-
mental autoimmune encephalomyelitis. 
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Figure 4 Inhibitory effects of HCA on serum TNF-α level.
TNF-α measurement was performed in normal, EAE induction, and 
HCA treated groups on day 21 after immunization. HCA treatment sig-
nificantly reduced TNF-α production. Data are expressed as the mean 
± SEM. *P < 0.01 (one-way analysis of variance). EAE: Experimental 
autoimmune encephalomyelitis; HCA: hydroxycitric acid; TNF-α: tu-
mor necrosis factor alpha.

Figure 5 Eff ect of HCA on serum IL-6 level on day 21 after 
immunization.
Serum IL-6 level was significantly decreased in the HCA treated group 
than in the EAE induction group. Data are expressed as the mean ± 
SEM. *P < 0.01 (one-way analysis of variance). EAE: Experimental auto-
immune encephalomyelitis; HCA: hydroxycitric acid; IL-6: interleukin-6.

HCA treated

**

Normal

120

100

80

60

40

20

0

IL
-6

 (p
g/

m
L)

EAE inductionHCA treated

**

Normal

30

25

20

15

10

5

0

TN
F-

α 
(p

g/
m

L)

EAE induction

down-regulating the expression of myelin genes preceding 
the death of oligodendrocytes (Jana and Pahan, 2013). Shin 
et al. (1998) showed that inhibition of iNOS expression and 
NO production prevented the development of allergic en-
cephalomyelitis. It is suggested that HCA reduces markers 
of inflammation in the brain, intestines, kidney and serum 
(Clouatre and Preuss, 2013). HCA can also be useful as a 
protecting factor against diseases associated with oxidative 
stress (Kolodziejczyk et al., 2009). In animal models, it is 
demonstrated that the anti-inflammatory effects provided 
by HCA can ameliorate inflammation and oxidative stress 
in experimental colitis and type II diabetes (Asghar et al., 
2007; dos Reis et al., 2009). Consistent with this data, the 
results of our study showed that HCA modulated EAE, at 
least in part, by suppressing NO production, as the serum 
NO level in HCA treated mice was significantly less than in 
the EAE induction group. However, findings from reports 
by Amin et al. (2011a,b) are not consistent with our data 
and the abovementioned data, as they suggested that HCA 
can ameliorate brain oxidative stress but increase serum 
NO level.

TNF-α, a pro-inflammatory cytokine, has been implicated 
in the pathology of MS and EAE. In individuals with MS, 
TNF-α level has been reportedly to be elevated in serum, 
cerebrospinal fluid and also at the site of active lesions, and 
this elevation correlates with the severity of the disease (Beck 
et al., 1988). 

Our findings showed that HCA treatment could decrease 
serum TNF-α level, which was in agreement with the clinical 
and histopathological findings, and also reduce serum NO 
level in EAE mice. Our results also showed that high serum 
NO level was produced after high expression of iNOS gene. 
Recent studies have shown that inflammatory cytokines 
such as TNF-α, can increase iNOS gene expression and con-
sequently increase NO production as a cytotoxic effector 
molecule (Murphy, 2000; Fonseca et al., 2003; Fereidoni et 
al., 2013). These findings are in accordance with our findings 
that HCA can reduce serum NO and TNF-α levels probably 
under the controlled regulation of NF-κB and MAPKs path-

ways in EAE mice. Masullo et al. (2014) showed that HCA 
was able to modulate cytokine signaling in different cultured 
cell lines, as induced anti-inflammatory activity in macro-
phages, through inhibition of NF-κB and mainly by inhibit-
ing STAT-1 nuclear transfer and DNA binding.

In conclusion, our study demonstrated that HCA amelio-
rated the severity of EAE and attenuated inflammatory cel-
lular infiltration into the CNS. In addition, we observed that 
HCA decreased the production of NO probably by suppress-
ing the expression of iNOS and TNF-α (Kim et al., 2008). On 
the other hand, it should be noted that at the doses usually 
administered to patients, no side effects or adverse events 
have been reported in humans treated with HCA (Marquez 
et al., 2012). Therefore, anti-inflammatory effects along with 
reported safety indicate the beneficial effect of HCA on EAE 
which can also be applicable to the treatment of MS. 
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