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Abstract
Multiple sclerosis (MS) is the most common inflammatory disorder of the central nervous system (CNS). Kombucha is 
produced by the fermentation of sugared tea with a symbiotic culture of bacteria and yeasts. This research was designed to 
reveal the therapeutic impact and the molecular and cellular processes determining the effect of kombucha on MS alleviation 
in an experimental autoimmune encephalomyelitis (EAE). The EAE was induced using myelin oligodendrocyte glycoprotein 
(MOG35–55) peptide emulsified in CFA and injected subcutaneously over two flank areas in C57BL/6 mice. In addition, 
pertussis toxin was injected intraperitoneally and repeated 48 h later. Treatment groups were received three different doses of 
kombucha (K1: low dose, K2: medium dose and K3: high dose) to obtain a maximum protection. Clinical scores and other 
criteria were followed daily for the 25 days. At the end of the course, T-helper-related cytokines (IFN-γ, IL-17, IL-4, and 
TGF-β) were measured through ELISA. Moreover, nitric oxide (NO) concentration in spinal cord tissue was detected. The 
severity of disease on the peak of disease in K1, K2, and K3 groups were 3.4 ± 0.18 and 2.6 ± 0.18 and 2 ± 0.14 respectively, 
compared to the CTRL group with 4.5 ± 0.19 (p < 0.001). Kombucha increased production of interleukin IL-4 (K1 = 95 ± 5, 
K2 = 110 ± 10, K3 = 115 ± 5 and CTRL = 65 ± 5; p < 0.05) and TGF-β (K1 = 1750 ± 80, K2 = 2050 ± 65, K3 = 2200 ± 75 and 
CTRL = 850 ± 85; p < 0.001) but concurrently resulted in a remarkable reduction in the production of IFN-γ (K1 = 950 ± 70, 
K2 = 890 ± 65, K3 = 850 ± 85 and CTRL = 3850 ± 115; p < 0.001) and IL-17 (K1 = 1250 ± 75, K2 = 1050 ± 90, K3 = 970 ± 80 
and CTRL = 6450 ± 125; p < 0.001). Moreover, NO concentration in spinal cord tissue in the treatment groups was signifi-
cantly less than the control group (K1: 35.42 ± 2.1, K2 = 31.21 ± 2.2, K3 = 28.24 ± 2.6 and CTRL = 45.25 ± 2.7; p < 0.05). 
These results supported that kombucha could reduce the severity of disease in an EAE model through motivating polarization 
of CD4+ T cells by induction of IL-4 and TGF-β as well as inhibition of IFN-γ and IL-17.
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Introduction

Multiple sclerosis (MS), the most frequent disabling neu-
rological disorder to afflict young adults, is a complex neu-
rodegenerative autoimmune disease described by the exist-
ence of autoantibodies and autoreactive T cells to myelin 
proteins [1]. The number of people is currently living with 
this heterogeneous autoimmune disorder worldwide exceeds 
2 million, with more prevalence among women rather than 
men [2]. MS exerts considerable burden of suffering and 
economic on patients, their families, and society [3] since 
it affects in adults in the most useful years of their lives 
[4]. According to the site of neurologic lesions in the cen-
tral nerves system (CNS), its type, and severity of clinical 
symptoms are varied significantly between individuals [5]. 
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While no precise cause of MS has yet been described, it 
is fairly well established that interactions between various 
genetic and/or non-genetic triggers such as viral infections, 
and environmental factors have been implicated to an auto-
aggressive immune attack on the myelin sheath and other 
components of CNS axons [6]. During disease progression, 
activated leukocytes locally secrete inflammatory cytokines, 
chemokines soluble factors and reactive oxygen species 
(ROS) get to interruption of the blood–brain barrier (BBB) 
integrity, finally result in CNS demyelination and axonal 
degeneration in MS [5, 7].

Experimental autoimmune encephalomyelitis (EAE) is 
a suitable and a well-establish animal model, in which the 
immune system invades the myelin protein of the CNS as a 
reaction of an interruption in BBB permeability [8], result-
ing in oligodendroglial cell death-mediated demyelination, 
axonal degeneration and consequent breakdown of motor 
function [9]. Because of its clinical, histopathological, and 
immunological close similarities to the MS disease, EAE 
is the most broadly used animal model for investigating the 
pathogenesis of MS and potential efficacy of therapeutic 
agents [10]. Imbalance between cells of the immune system 
such as inflammatory and anti-inflammatory lymphocyte 
and its related mediators are considered to be crucial in the 
immunopathogenesis of MS [5, 11]. Generally, immunoin-
flammatory-mediated demyelination of both EAE and MS 
has been regarded as a result of differentiation of myelin-
specific Th1 and Th17 cells, activation of macrophage or 
microglial cells, and secretion of inflammatory cytokines 
in the CNS [12].

Nitric oxide, a diatomic free radical molecule, produced 
by macrophages and other cell types via nitric oxide syn-
thase (NOS) in response to various inflammatory conditions 
[13]. Convincing evidence for a potential role of NO in the 
pathogenesis of EAE and MS resulted in investigations that 
NO and mRNA of inducible nitric oxide synthase (iNOS) 
are elevated in the CNS of mice with EAE, and this is asso-
ciated with the severity of the disease [14]. Increasingly 
more studies have shown that increased levels of NO and its 
various oxidative metabolites such as nitrite and nitrate have 
been detected in the CSF of MS patients linked to the CSF 
of healthy people [15]. Therefore, modulation of NO is a 
promising approach for pharmacological intervention in MS.

Given that there is no cure for MS and most of the mod-
ern medicines used to treat MS have a variety of adverse 
effects and only partially effective [16], there has been an 
explosive growth of research across the world on the poten-
tial role of herbal medicinal products and related products in 
treatment of inflammatory and autoimmunity diseases [17].

Kombucha, a slightly acidic refreshing beverage, is 
typically made by the fermentation of sugared tea with a 
symbiotic culture of acetic acid bacteria and yeasts, which 
has traditionally been used for its health-promoting effects 

on human health throughout the world especially in Asian 
countries [18]. Kombucha is composed of various bacteria 
(Acetobacter, Gluconacetobacter, Lactobacillus, Bifidobac-
terium etc.), several yeast (Zygosaccharomyces, Dekkera, 
etc.), and actually kombucha is rich with different probiotics 
[19]. Besides its use in traditional medicine, kombucha is 
proven to improve countless disease due to its antimicro-
bial, antioxidant, hepatic-protective, anticancer properties, 
modulation of immunity and reduce inflammation [20, 21]. 
As well, kombucha imparts its therapeutic effects partly by 
suppression of the nitric oxide production [22]. A recent 
study demonstrated that kombucha administration suppress 
immune responses and postpone onset of EAE in C57BL/6 
mice [22]. These finding indicate that kombucha may pre-
vent inflammatory responses in both MS and EAE and 
decreased the clinical symptoms in MOG-induced EAE, 
however, there was a need for further investigation to under-
stand the mechanisms involved in the effect of kombucha on 
the treatment of EAE, including the study of more cytokines, 
the effect of different doses on the treatment process and 
nitic oxide levels in brain which were evaluated in this study.

Considering these findings, the present study was con-
ducted to determine therapeutic potentials of kombucha on 
modulation of immunoinflammatory responses in EAE-
induced mice. Collectively, these results suggest that kom-
bucha may find as a considerable therapeutic agent for the 
amelioration of MS/EAE.

Methods

Preparation kombucha tea

Black tea was combined with boiling water and let to infuse 
for about 5 min. Sucrose 20% was dissolved in filtered infu-
sions, and was allowed to cool. 200 ml of cooled tea was 
placed in a sterile glass jar and mixed with 3% (w/v) of 
freshly brewed tea fungus, then cultured for 7 days and fer-
mentation processes were performed. The product was incu-
bated at 25 ± 3 °C for 1 week. Subsequently, the mixture was 
centrifuged and kept at 4 °C for further work.

Animals

Female C57BL/6 mice (8–10 weeks) were purchased from 
the Royan Institute for Biotechnology (Isfahan, Iran). The 
mice were kept in the microbial-free animal house at a tem-
perature of 23 ± 2 °C with a relative humidity of 50 ± 5% and 
a 12-h light/dark cycle. All mice had free access to food and 
water. All experimental methods and protocols were per-
formed in accordance with the ethical guidelines approved 
by Semnan University of Medical Sciences (the approval ID 
is IR.SEMUMS.REC.1399.112).
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Induction of EAE and clinical assessment

All mice on day 0 injected subcutaneously with 250 µg of 
myelin oligodendrocyte glycoprotein (MOG35–55) (BioBasic, 
Canada) emulsified in complete Freund’s adjuvant (Sigma-
Aldrich, St. Louis, MO, USA) containing 4 mg/ml Mycobac-
terium tuberculosis H37Ra (Difco Laboratories, Detroit, MI, 
USA). In addition, 250 ng pertussis toxins (Sigma-Aldrich, 
St. Louis, MO, USA) were injected intraperitoneally on days 
0 and 2 after immunization [23].

The clinical symptoms of EAE and the weight of mice 
were checked daily for 25 days post-immunization. Clini-
cal evaluation of mice was performed with the following 
scale: 0, without symptoms; 1 = partial paralysis of the 
tail; 2 = complete paralysis of the tail; 3 = paralysis of the 
tail and abnormal gait; 4 = complete paralysis of one leg; 
5 = complete paralysis of legs; 6 = paralysis of hands and 
feet; 7 = injury or death [24]. Mice were given a daily score, 
and were evaluated for day of onset, the maximum score (on 
the peak day), the mean score (on the last day) and Cumula-
tive Disease Index (the total score of the disease during the 
experiment).

Treatment

Mice were divided into five groups: (1) normal group (N; 
n = 8) (2) control group (CTRL; n = 8), (3) the low-dose 
kombucha treatment group (K1; n = 8; 2.5 ml per kg kom-
bucha), (4) mdium-dose kombucha treatment group (K2; 
n = 8; 5 ml per kg kombucha) and (5) high-dose kombucha 
treatment group (K3; n = 8; 10 ml per kg kombucha). EAE 
was induced in groups 2 to 5, and therapeutic groups were 
administered orally (gavage) with three different doses of 
kombucha to achieve the maximum therapeutic effect. In 
treatment groups, kombucha should be given daily simulta-
neous with EAE induction. The control group received sweet 
tea orally every day.

Detection of nitric oxide (NO) production

To find the concentration of nitric oxide (NO) in the blood 
and spinal cord tissue, the stable product of nitric oxide con-
version was measured the colorimetric method of Griess, 
which depends on the concentration of endogenous nitrite 
(NO2−) as a nitric oxide production index. In summary, 
Griess reagent was produced by dissolving 1 g of sulfanila-
mide in 100 ml of 5% phosphoric acid mixed with 0.1 g 
of N-(1-naphthalene)-athylene dihydrochloride (NED) in 
100 ml of distilled water. Supernatant from the homogene-
ous and centrifuged spinal cord was mixed for 10 min with 
the Griess reagent at room temperature to turn the nitrite 
into a deep purple compound. The absorption was meas-
ured at 540 nm using a microplate reader (Stat Fax 2100 

Awarness, Phoenix, Arizona, USA). Nitrite concentrations 
were determined using the standard curve of 0.1 M sodium 
nitrite produced in distilled water as a standard.

Cell culture and ELISA for cytokine detection

Spleens and inguinal lymph nodes were removed from 
C57BL/6 mice on day 25 post-immunization. Red blood 
cells were lysed using ammonium chloride. Cell suspensions 
were cultured in RPMI 1640 medium consisting of 10% fetal 
bovine serum (FBS), 100U/ml penicillin, 100 mg/ml strepto-
mycin (all reagents purchased from Sigma, St. Louis, MO) in 
round-bottom 24-well plates (2 × 106 cells/well). Cells were 
cultured with MOG35–55 (20 μg/ml) and incubated for 72 h 
at 37 °C and 5% CO2. Supernatants were collected after 72 h, 
and the concentration of cytokines (IL-4, IL-17, IFN-γ, and 
TGF-β) was assessed by ELISA according to the manufac-
turer’s instructions (R&D Systems, Inc. Minneapolis, MN, 
USA).

Briefly, the standards and supernatants were incubated 
at room temperature for 2 h, followed by 1 h of incubation 
with secondary biotinylated antibodies and then 30 min of 
incubation with Avidin-HRP. Processes were continued with 
the use of tetramethyl benzidine (TMB). The reaction was 
stopped with the stop solution and plates were measured at 
450 nm using the microplate reader (Stat Fax 2100 Awar-
ness, Phoenix, AZ, USA). Standard curves were determined 
based on the analysis of different concentrations of recom-
binant cytokines. The sensitivity of the kits was 2 pg IL-4/
ml and 5.3 pg IFN-γ/ml.

Statistical analysis

One-way analysis of variance (ANOVA) followed by Tukey 
multiple comparison tests was conducted for analysis of 
clinical signs between groups. Comparison of the effect 
of daphnetin in the treatment groups (vs. control mice) on 
the development of clinical signs was conducted via two-
way repeated measures ANOVA. The normality of the data 
was confirmed by Shapiro–Wilk test. Statistical analysis 
was performed using SPSS software version 21.0 for Win-
dows (SPSS, Chicago, IL, USA). Data were presented as 
mean ± SEM, and when P < 0.05, a significant difference was 
considered.

Results

Kombucha treatment suppressed the progress 
of EAE

Previous studies have shown that kombucha tea has antimi-
crobial, antioxidant, and anticancer properties. As a result, 
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kombucha tea can be considered as an antioxidant and anti-
microbial source in the treatment of MS. The therapeutic 
effect of kombucha with different doses has not been studied 
in EAE induced mice. The aim of this study was to dem-
onstrate the optimal doses of kombucha against EAE and 
possible mechanisms involved in this protection.

The kombucha doses used for this study were low dose 
(2.5 ml per kg), medium dose (5 ml per kg) and high dose 
(10 ml per kg). Different doses of kombucha significantly 
reduced the clinical symptoms of the disease. In all treatment 
groups, the severity of paralysis and disability decreased 
compared to the control group.

The clinical scores of treatment groups showed a sig-
nificant decrease in EAE severity. On day 18, when the 
EAE clinical score peaked, the mean scores of K1, K2, 
and K3 groups were 3.4 ± 0.18 and 2.6 ± 0.18 and 2 ± 0.14, 

respectively (p < 0.001), compared to the CTRL group 
with 4.5 ± 0.19 (Fig. 1a and Table 1). The treatment groups 
also significantly prevented weight loss in EAE mice. The 
mean body weight of K1, K2, and K3 groups on day 18 
was 18 ± 0.25 and 18.3 ± 0.3 and 18.5 ± 0.2, respectively 
(p < 0.05), compared to the CTRL group with 17.4 ± 0.25 
(Fig. 1b). These results suggest that kombucha reduces the 
clinical severity of EAE in mice.

Kombucha inhibited production of NO in the blood 
and CNS of EAE induced mice

We examined secretion of NO as a pro-inflammatory mol-
ecule in the blood and CNS. As shown in (Fig. 2), the con-
tent of NO was considerably reduced in the blood and CNS 
of kombucha-treated groups relative to the control group. 

Fig. 1   Kombucha treatment 
inhibited the development of 
in MOG-immunized C57BL/6 
mice. Female C57BL/6 mice 
were treated with 2.5 (K1), 
5 (K2) and 10 (K3) ml/Kg 
Kombucha in treatment groups 
simultaneous with EAE induc-
tion. Mice were monitored for 
signs of EAE, and the results 
for all mice, were presented 
as (a) mean clinical score, and 
(b) body weight. Results were 
expressed as mean ± SEM. 
*p < 0.05, ** p < 0.01, 
***p < 0.001, compared with 
control group
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Production of NO in low-dose (K1, 35.42 ± 1.8, p < 0.05), 
middle-dose (K2, 31.21 ± 2.1, p < 0.01) and high-dose (K3, 
28.24 ± 1.9, p < 0.01) kombucha-treated mice, obviously 
inhibited in the CNS in comparison with control group 
(45.25 ± 2.7).

Kombucha especially changed the balance 
of pro‑inflammatory and anti‑inflammatory 
cytokines

To understand the role of specific inflammatory mediators 
such as IL-17 and IFN-γ and anti-inflammatory mediators 
such as IL-4 and TGF-β, we examined the production of 
cytokines in the spleen and lymph nodes on day 25 post-
immunization. Splenocytes and lymph node cells were 
removed from EAE-immunized mice, and then restimulated 

in vitro with immunizing peptide MOG35–55. All kombucha-
treated groups produced considerably less IFN-γ and IL-17 
and also produced higher IL-4 and TGF-β than in the CTRL 
group. The IFN-γ levels of K1, K2, and K3 groups were 
950 ± 70 and 890 ± 65 and 850 ± 85, respectively (p < 0.001), 
compared to the CTRL group with 3850 ± 115 (p < 0.001). 
Also, IL-17 levels in treatment groups, K1 = 1250 ± 75, 
K2 = 1050 ± 90, K3 = 970 ± 80 in comparison with 
CTRL = 6450 ± 125 was significantly reduced (p < 0.001). 
On the other hand, kombucha increased production of 
interleukin IL-4 (K1 = 95 ± 5, K2 = 110 ± 10, K3 = 115 ± 5 
and CTRL = 65 ± 5; p < 0.05) and TGF-β (K1 = 1750 ± 80, 
K2 = 2050 ± 65, K3 = 2200 ± 75 and CTRL = 850 ± 85; 
p < 0.001) (Fig. 3).

These data suggest that kombucha therapy preferably 
increases the production of Th2 and Treg cytokines and 
reduces the production of Th1 and Th17 cytokines. In addi-
tion, kombucha can change the balance between Th1/Th2 
and Th17/Treg cells in the EAE model in favor of Th2 and 
Treg.

Discussion

The pathogenesis of EAE, as an MS model, is due to recruit-
ment of myelin-reactive encephalitogenic T cells into the 
CNS, in which levels of anti-inflammatory cytokines are 
downregulated, while pro-inflammatory cytokines are upreg-
ulated in CSF and serum of MS patient [7]. Previous reports 
have provided supporting evidence that kombucha can be 
used to treat autoimmune diseases because of its potent anti-
inflammatory and antioxidant properties [21, 22]. The aim 
of this study was to determine the therapeutic capacities of 
kombucha on the improvement of MOG-induced EAE in 
C57BL/6 mice and to clarify the relevant mechanisms in 
three different treatment groups as low, medium, and high 
doses of kombucha. The results indicated that treatment 
with kombucha suppressed the development of EAE. The 

Table 1   Clinical features of 
EAE in the administration of 
Kombucha

Data were expressed as mean ± SEM
1 CTRL: Control group EAE induced received sweet tea
2 K1: Treatment group with low dose received 2.5 ml/kg kombucha
3 K2: Treatment group with middle dose received 5 ml/kg kombucha
4 K3: Treatment group with high dose received 10 ml/kg kombucha
All experiment groups compared with CTRL group. *p < 0.05, **p < 0.01, ***p < 0.001

Group Day of onset Maximal score (score 
at peak)

Mean score (last day) Cumulative 
disease index 
(CDI)

CTRL1 9.5 ± 0.4 4.5 ± 0.19 3.5 ± 0.11 38.6 ± 1.41
K12 10.5 ± 0.5* 3.4 ± 0.18*** 2.6 ± 0.14** 28.4 ± 1.01**
K23 10.8 ± 0.3* 2.6 ± 0.18*** 1.9 ± 0.14*** 22 ± 1.07***
K34 11.3 ± 0.2* 2 ± 0.14*** 1.5 ± 0.12*** 16.4 ± 0.8***
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Fig. 2   Kombucha suppressed nitric oxide (NO) production in the 
CNS of EAE-induced mice. NO concentration in brain and spi-
nal cord tissues was measured by the Griess reagent with using the 
nitrate/nitrite colorimetric assay. *p < 0.05, **p < 0.01, ***p < 0.001 
compared with control group. Mice were divided into four groups: 
(1) control group (CTRL), (2) low-dose kombucha treatment (K1), 
(3) middle-dose kombucha treatment (K2), (4) high-dose kombucha 
treatment (K3), (5) normal group
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therapeutic doses of kombucha have significantly reduced 
the incidence of the disease and greatly reduced the clinical 
manifestations of the disease. According to our findings, a 
number of recent documents revealed that kombucha ame-
liorates EAE, as well as reducing the oxidative toxicity 
caused by oxidative stress [20, 22].

Imbalance of Th1/Th2 and Th17/Treg cytokines might 
influence the onset and severity of EAE and MS, and many 
attempts have been spared aiming to restore Th1/Th2 
and Th17/Treg balance to treat EAE [25]. Th1 and Th17 
were thought originally to be responsible for the inflam-
matory demyelination in MS and EAE [26]. IFN-γ and 
IL-17 are the hallmark of the inflammatory process driving 

neuroinflammation and autoimmunity [27] through inducing 
T-cell infiltration, activation of APCs, mononuclear phago-
cytes, and upregulation of cell adhesion molecules on BBB, 
highlighting a potential target for the treatment of MS [28]. 
In addition, IFN-γ is able to induce iNOS expression via 
NF-кB [29].

In this study, we have used the EAE model to examine the 
modulation ability of kombucha for treatment of MS. In the 
present study, our ELISA results showed that the production 
of IFN-γ and IL-17 (Th1 and Th17-related cytokines) was 
profoundly decreased in spleen and lymph node, suggesting 
that the suppression of Th1- and Th17-related cytokines is a 
mechanism of modulation of EAE by kombucha. Our results 
may be parallel to previous reports that kombucha has inhib-
itory effects on some inflammatory cytokines. For instance, 
treatment with kombucha analogues from oak (KAO) sig-
nificantly reduced levels of pro-inflammatory cytokines IL-6 
and TNF-a, which is related to its immune modulatory activ-
ity [30]. In another study in the mouse model of multiple 
sclerosis, it has been shown that treatment with kombucha 
ameliorates EAE by downregulation of NO and TNF-α 
serum levels that associated with lower incidence, attenua-
tion in the severity, and also a delay in the onset of disease 
[22]. There is a positive relation between demyelinating 
lesions in the CNS in MS and EAE and increased levels of 
IFN-γ and IL-17, implicating the role of these cytokines in 
the pathogenesis of MS [31]. On the other side, the patho-
genic role of IFN-γ and IL-17 in the development of EAE is 
supported by an increase in the expression of Th1 and Th17 
cytokines during the peak of disease and decreasing during 
disease remission [32]. However, little research has been 
conducted to investigate the effect of kombucha on the Th1 
and Th17 related cytokines in EAE.

The result of the present study showed that the production 
of IL-4 and TGF-β was increased in spleen and lymph node. 
To the best of our knowledge, this is the first investigation 
that has done the effect of kombucha on the production of 
Th2- and Treg-related cytokines.

IL-4 and TGF-β, with a potent regulator of immunity, 
play a neuroprotective role in MS [32]. Th2- and Treg-
related cytokines attenuate EAE that can be partly via shift-
ing the immune response from an inflammatory Th1/Th17 
to an anti-inflammatory Th2/Treg responses [12]. The role 
of the Th2-derived cytokine IL-4 in disease pathology was 
supported further by clinical evidence showing that the level 
of IL-4 mRNA upregulate during the recovery phases from 
EAE and IL-4−/− mice exhibited increased susceptibility to 
EAE, point to a potentially protective role of IL-4 against 
the incidence and progression of MS [33]. Neutralization 
or inhibition of IL-4 and TGF-β enhances the EAE disease 
severity [34].

Another important aspect evaluated in vitro was its pos-
sible effects on the production of important inflammatory 
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Fig. 3   Kombucha especially changed the balance of pro-inflamma-
tory and anti-inflammatory cytokines. Splenocytes and lymph nodes 
from immunized mice from all groups were isolated on day 25 post-
immunization and restimulated with MOG35–55 for 72  h. Culture 
supernatants were collected and indicated cytokine levels were meas-
ured by ELISA. Cytokine assays were conducted in duplicate wells. 
(a) IFN-γ and IL-17 ± SEM as a pro-inflammatory cytokines (b) IL-4 
and TGF-β ± SEM as an anti-inflammatory cytokines were measured 
from supernatants of cultures from splenocytes and lymph nodes
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proteins called nitric oxide. Under abnormal situations, 
high concentrations of NO released by macrophages and 
other immune cells exhibit a pro-inflammatory and cyto-
toxic properties that induces leukocyte migration, and 
cytokine production [35, 36]. Several lines of evidence 
suggest that iNOS over expression is associated with 
demyelinating plaques in the brain of patients with MS 
[37].

Similarly to pro-inflammatory cytokines, NO is also 
responsible for axonal injury and subsequent myelin 
degradation in both MS and EAE [38]. It has also been 
reported that NO is able to regulate immune responses 
[39] and mediate microglial toxicity towards oligodendro-
cytes [40]. Further studies have shown that elevated lev-
els of NO and its various oxidative metabolites, including 
nitrate and nitrate, have been detected in the CSF of MS 
patients compared to the CSF of healthy individuals [15]. 
The influence of inhibitors of NO in ameliorating EAE 
may be partially related to reductions of inflammatory 
cytokine or reductions blood–brain barrier disruption [37].

According to our results, the NO concentration in CSF is 
clearly reduced in all kombucha-treated groups. Our results 
are consistent with other studies that confirm the effect of 
kombucha inhibition on NO concentration [22]. It has been 
suggested that the increase in NO concentration may be due 
to a decrease in IL-10 production [41]. Mechanistically, 
kombucha could attenuate NO production due to upregula-
tion of IL-10 production. These findings are, in fact, in good 
agreement with the results previously reported by Marzban 
et al. showing that serum levels of NO in kombucha-treated 
mice were significantly decreased in comparison with 
control mice [22]. Also recently, in vitro study indicated 
that downregulation of NO production in kombucha- and 
KAO-treated macrophages compared with LPS-stimulated 
macrophages [30]. In another study by Gharib et al. demon-
strated that kombucha administration significantly improved 
trichloroethylene-induced kidney damage by inhibition NO 
contents and also improved lipid peroxidation and oxidative 
stress induced nephrotoxicity in rat [42].

In conclusion, kombucha could mitigate EAE in mice 
at least partly mediated through their ability to induce the 
production of anti-inflammatory cytokines (IL-4 and TGF-β) 
and inhibit production of inflammation-promoting cytokines 
such as IFN-γ and IL-17. Therefore, these results highlight 
a potential role for kombucha in modulating of the immune 
system and suggest its use in the treatment of MS and other 
autoimmune diseases is mediated by Th1/Th17 cells. Further 
investigation is needed to confirm these possibilities.
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