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ABSTRACT
Background: Experimental autoimmune encephalomyelitis
(EAE), as an autoimmune disease in the central nervous system
(CNS), is an animal model for multiple sclerosis (MS) mediated by
T lymphocytes.
Objective: To investigate ginger extract’s effect on reducing
inflammation and improving the symptoms in the EAE model.
Methods: The EAE was induced by injecting MOG35-55 and
pertussis toxin into eight-week-old female C57BL6 mice. The
mice were treated with an intraperitoneal injection of 300 mg/kg/
day of hydroalcoholic extract of ginger for 21 days. The disease
severity and weight changes were measured daily. Then, the mice
spleens were removed; the gene expressions of interleukin (IL)-17,
transforming growth factor beta (TGF-p), interferon-y (IFN-y), and
tumor necrosis factor o (TNF-a) were analyzed by Real-time PCR
and the percentage of regulatory T lymphocytes (Treg cells) was
determined by flow cytometry. Serum nitric oxide and antioxidant
capacity were measured, and brain tissue sections were prepared to
investigate the leukocyte infiltration and plaque formation.
Results: The severity of symptoms in the intervention group
was lower than in the control. The gene expression levels of
inflammatory cytokines, including IL-17 (P=0.04) and IFN-y
(P=0.01), were reduced. The Treg cells increased significantly, and
the serum nitric oxide level was lower in the ginger-treated group.
There was no significant difference in lymphocyte infiltration in
the brain between the two groups.
Conclusion: The present study indicated that ginger extract could
effectively reduce the inflammatory mediators and modulate
immune responses in EAE.
Keywords: Cytokine; Experimental Autoimmune Encephalomyelitis;
Ginger; Multiple Sclerosis
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INTRODUCTION

Multiple sclerosis (MS) is an autoimmune
disease that induces demyelination of neurons
and axonal degeneration in the central
nervous system (CNS) (1). Pathogenesis of
MS indicates that produced inflammatory
cytokines in the CNS, including interferon-y
(IFN-y), interleukin (IL)-6, tumor necrosis
factor a (TNF-a), and IL-1B from microglia,
macrophages, and astrocytes, can increase
the blood-brain barrier (BBB) permeability,
the migration of leukocytes to the CNS,
and ultimately, exacerbate inflammation
(2). The primary leukocytes involved in
MS pathogenesis include T CD4" (T helper
cells), especially Thl (IFN-y secretion) and
Th17 (IL-17 secretion); their cytokines have
pivotal roles in chronic inflammation and
demyelination (3). However, regulatory T
lymphocytes (Treg cells) have protective roles
in autoimmune diseases (4).

IFN-y is one of the essential cytokines
in MS demyelinated lesions, indicating its
pathogenesis in MS and EAE. IFN-y is critical
in producing nitric oxide (NO), a pathogenesis
and exacerbation factor in MS (5). IL-17
induces various inflammatory cytokines
production such as IL-6, TNF-a, IL-8, IL-1p,
and granulocyte colony-stimulating factor
(G-CSF) and causes neutrophil infiltration to
the inflammation site (6). Treg cells regulate
the immune system that maintains tolerance,
and their suppressive effect is mainly due to the
production of IL-10 and transforming growth
factor- (TGF-P). Treg cells protect against
the EAE progression in the mouse model
by modulating Thl responses and reducing
lymphocyte accumulation in CNS (4, 7).

Various treatments are suggested to cure
MS; however, each may have its own side
effects. Since herbal compounds are effective
in recovery from inflammatory diseases and
have fewer side effects, such compounds, and
their derivatives received attention for this
purpose (8, 9). Ginger is a medicinal plant
whose therapeutic effects are attributed
to compounds such as gingerol, shogaols,
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zingerone, and paradols (10). Ginger has
anti-inflammatory,  antioxidant,  anti-
tumor, antibacterial, and antihypertensive
activities (11, 12). Its therapeutic effects
on rheumatoid arthritis, type 2 diabetes
(13), liver and respiratory diseases are
also studied (14). Investigation of the anti-
inflammatory effects of ginger shows that
it can relieve inflammation by reducing the
TNF-a, IFN-y, suppressing the IL-23 and
IL-6 production (15). Hence, the present
study aimed to investigate ginger extract’s
anti-inflammatory and immunomodulatory
effects on inflammation relief, and facilitating
the healing process in EAE.

MATERIALS AND METHODS

Herbal Extract

Hydroalcoholic extract powder of ginger
was purchased from the Barij Essence
Company, Kashan, Iran. The extract
contained 4.7% gingerol.

Mice

For this purpose, female C57 BL/6 mice
(20£2 g) with 6-5 week-old were received
from the Pasteur Institute of Iran, Tehran.
The mice were kept at 24-25 °C according to
the protocol of the Animal Ethics Committee
of Arak University of Medical Sciences [IR.
ARAKMU.REC.1398.307].

Acute Toxicity Test

Eight mice were used to assess ginger
extract’s toxicity. First, the mice were
weighed and assigned into two groups of the
ginger extract receivers and the controls. The
ginger extract dose was 300 mg/kg, and PBS
and DMSO, with a ratio of 9:1, were used as
a solvent. The control group received only
the solvent intraperitoneally for 14 days in a
10 mL/kg volume. The mice were monitored
daily for 14 days for weight changes, physical
properties (skin and fur), mortality, behavioral
patterns, respiratory changes, injury, pain,
and disease symptoms (i.e., tremors, seizures,
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diarrhea, and lethargy) (16).

The EAE Induction

The female C57BL/6 mice were divided into
two groups of 6 to induce EAE. To induce the
disease, myelin oligodendrocyte glycoprotein
(MOG) peptide (200 pg) (MEVGW YRSPFS
RVVHLYRNGK; Sigma-Aldrich, USA) and
200 pL complete Freund’s adjuvant (Sigma-
Aldrich, USA) were injected subcutaneously
into their flank. Simultaneously 48 h after the
MOG injection, pertussis toxin (250 ng in 400
pL PBS) (Sigma-Aldric, USA) was injected
intraperitoneally into each mouse (17, 18).

Mice Treatment

The mice were assigned to two groups
of six as the control and the ginger extract
receivers. The control group received PBS,
and the intervention group was injected 300
mg/kg of ginger extract daily intraperitoneally
(19). The intervention period started with the
appearance of the first paralysis symptom
in the tail and lasted 21 days. Then all the
mice were anesthetized using ketamine
and xylazine, and a cardiac puncture was
performed for blood collection. The removed
spleens were disrupted and pipetted for
splenocyte preparation. After washing the
cell suspensions with RPMI, their cells were
sorted to count Treg cells and measure the
expression level of the desired genes. The
brain tissue was removed for histopathological
examination.

Clinical Evaluation

The mice were weighed every 2-3 days.
The disease severity is graded as 0: no disease,
l:impaired tail movement, 2: paralysis of the
tail, 3: mild gait disturbance, 4: severe gait
disorder, 5: paralysis of one leg, 6: complete
paralysis of both legs, 7: complete paralysis
of arms and legs, and 8: death (20). The mice
were evaluated for physical and clinical
symptoms; daily disease severity changes
were recorded (21).

Gene Expression Analysis of TNF-o, IFN-a,
IL-17, TGF-f

The manufacturer’s protocol was used for
RNA extraction from splenocytes and cDNA
synthesis (Yekta Tajhiz Azma, Iran). AlleleID
6.0 (Premier Biosoft.,, USA) was used for
primers designing for IFN-y, TNF-a, IL-17,
TGF-B, and GAPDH (Table 1), and Real-time
PCR was completed in triplicate using SYBR
Green assay method (Yekta Tajhiz Azma,
Iran) by the LightCycler system (Roche,
Germany). Melting curves were drawn to
remove the redundant fragments. The relative
gene expression was measured using the
Paffle method and reported as a ratio (22).

Treg Cells Counting by Flow Cytometry
For this purpose, 50 pl of the collected
splenocytes from the mice were transferred
into tubes for staining using surface antibodies,
including CD4 (PE) and CD25 (PerCP).
Following 40 min incubation, Lysing Solution

Table 1. The sequence of primers used for each gene.

Name

Sequence 5°-3°

GAPDH (224bp)
TGEF-B (193bp)
IFN-y (259 bp)
TNF-a (201bp)

IL-17 (174 bp)

F: CGGTGTGAACGGATTTGG
R: CTCGCTCCTGGAAGATGG
F: AATTCCTGGCGTTACCTTGG
R: GGCTGATCCCGTTGATTTCC

F: GAGTGTGGAGACCATCAAGGAAG
R: TGCTTTGCGTTGGACATTCAAGTC
F: CCTCTTCTCATTCCTGCTTGTG

R: ACTTGGTGGTTTGCTACGAC
F: GACTACCTCAACCGTTCCAC
R: CCTCCGCATTGACACAGC

F: Forward; R:Reverse; GAPDH: glyceraldehyde-3-phosphate dehydrogenase; TGF-: transforming growth
factor beta; IFN-y: interferon-y; TNF-a: tumor necrosis factor a; IL-17: interleukin-17
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(1 ml) (BD Biosciences, Bedford, MA) was
added for erythrocytes lysis. Then, the washed
cells were fixed using a fixative solution (BD
Biosciences, Bedford, MA), permeabilized by
saponin (0.5%), and treated with Anti-FOXP3
(FITC). Isotype controls were included in flow
cytometry analysis (FACSCalibur BD™,
USA). All antibodies were purchased from
BD Biosciences (Bedford, MA). The data
were analyzed by counting 20,000 cells using
FlowlJo software. Lymphocytes were gated
based on the side, and forward scatters and
Treg cells were estimated based on CD4,
CD25, and FoxP3 percentages.

Nitric Oxide Measurement

For this purpose, the Griess protocol
was employed. The chemicals used in the
experiment were purchased from Merck
Company (Germany). In summary, 100 pL
of serum samples with sulfanilamide (100
pL of 1% solution) were added to 96-well
microplates. After 10 min of incubation, NED
(100 pL of 0.1% solution) was added. After
10 min of incubation, the absorption was
read at 540 nm with the ELISA Reader, and a
standard curve was used for the concentration
calculation of the samples (23).

Assessment of Serum Antioxidant Capacity
by FRAP Method

The materials used in the study were
purchased from Merck Company (Germany).
In summary, the FRAP reagent was prepared
by mixing acetate buffer (10 uL of 300 uM),
TPTZ (1 pL of 10 uM), and ferric chloride

A
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Days after EAE induction

(I uL of 20 pM). 10 pL of the serum sample
and then FRAP reagent (200 pnL) were added
to each well; after incubation (10 min at
37°C), the light absorption was read at 593
nm wavelength with an ELISA Reader, and a
standard curve was used for the concentration
calculation of the samples (24).

Histopathological Examination

The tissue of the brain’s left hemisphere
was removed and kept in 10% formalin. Then
5-8-um thick tissue sections were prepared
for histopathological examinations. For
this purpose, the hematoxylin and eosin
(H&E) dying technique was utilized, and
the inflammatory areas were identified by
mononuclear cells with dark nuclei and
counted under a light microscope (25).

Data Analysis Method

The data were statistically analyzed in
SPSS. The Kolmogorov-Smirnov normality
test assessed the normal distribution of the
data. The independent samples T-test was
utilized to compare the mean. A P value of
<0.05 was considered significant.

RESULTS

Monitoring Weight Changes and Disease
Severity

No significant weight changes were
observed in the intervention and the EAE-
induced control groups (Figure 1 A). Although
the severity of the symptoms in the treated
B

-= Control

-~ Ginger

0 5 10 15 20 25
Day after EAE induction

Figure 1. Comparison of (A) weight changes and (B) disease severity and symptoms in the intervention group
and the EAE-induced control group in 21 days (P<0.05%). EAE: Experimental autoimmune encephalomyelitis
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group was not significantly different on
the days 9, 12, 15, and 18 of the treatment
compared with that in the control one, it was
reduced significantly on the day 21 of the
treatment (P=0.034, Figure 1 B).

Gene Expression Evaluation

The comparison of the expression
level of IFN-y, TNF-a, IL-17, and TGF-3
genes showed that the expression level of
inflammatory cytokine genes, [IFN-y (P=0.01)
and IL-17 (P=0.04), was significantly lower
in the intervention group than in the EAE-
induced control. In addition, the expression
level of the TNF-a gene decreased in the
ginger-treated EAE than in the control,
although the difference was statistically
insignificant (P=0.09). The gene expression
of TGF- between the studied groups also
showed an insignificant difference (P=0.95,
Figure 2).

Treg Cells Percentage

The percentage of Treg cells in the
intervention group was significantly higher
than in the control (P=0.01, Figure 3A-D).
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Figure 2. Comparison of TNF-a, IFN-y, IL-17, and
TGF-B expression in splenocyte supernatants
between the intervention and the EAE-induced
control group (P<0.05%). TNF-a: Tumor necrosis
factor a; IFN-y: Interferon-y; IL-17: Interleukin-17;
TGF-: Transforming growth factor beta
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Nitric Oxide Concentration and Antioxidant
Capacity of Serum

A comparison of the serum NO levels
between the groups showed that it was lower
in the intervention group (P=0.04, Figure 4A).
FR AP test comparison of the serum antioxidant
capacity between the study groups was not
statistically significant (P=0.3, Figure 4B).

Histological Examination of Brain Tissue

Microscopic examination of brain tissue
sections showed no leukocyte infiltration and
plaque formation in both groups, which might
be attributed to the short intervention period
(Figure 5).

DISCUSSION

Multiplesclerosisisanautoimmuneneurological
disorder. In MS, chronic inflammatory
conditions cause neurons demyelination and
nerve conduction disruption. TNF-a, IFN-y,
and IL-17 play a role in this inflammation.
Thl and Th17 cells produce these cytokines.
However, Treg cells, by secreting TGF-f,
can control autoimmune diseases such as
MS by suppressing immune responses. The
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Figure 3. Flow cytometry analysis of Treg cells.
(A) Gated lymphocytes. (B) Gated CD4 T cells.
(C) Percentage of Treg cells. (D) Treg cells
counting in prepared splenocytes between the
intervention and the EAE-induced control groups
(P<0.05%). Treg cells: Regulatory T lymphocytes
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Figure 4. (A) The Griess method measured nitric oxide concentration between the intervention and the
EAE-induced control groups. (B) Antioxidant capacity was measured by the FRAP reaction between the
intervention and the EAE-induced control groups (P<0.05*); FRAP: Ferric reducing ability of plasma;

NO: Nitric Oxide
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Figure 5. Microscopic examination of brain tissue for leukocyte infiltration and plaque formation in the
(A) intervention and (B) the EAE-induced control groups.

present study evaluated ginger extract’s anti-
inflammatory and immunomodulatory effects
on an animal model of MS. The present study
showed that administering ginger extract to
the EAE-induced mice was associated with
improved clinical symptoms and a delay in
the onset of disease attacks compared with
the control group.

Studies show that ginger extract plays a
role in modulating immune responses so that it
can suppress I1L-23 and IL-6 gene expression,
as mentioned in similar studies. Since these
cytokines are essential for differentiating
Th17 cells, ginger extract can reduce Thl17
cell count by suppressing their expression and
consequently decreasing the production of IL-
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17 (19). Previous studies also showed ginger
extract could suppress IL-6 and increase
TGF-B production by differentiating Treg
cells, balancing the Th17 / Treg cells ratio,
and modulating immune responses (15).
Given that cellular immunity, especially
Thl cell responses, have pivotal roles in the
pathogenesis of MS by inducing the secretion
of IFN-y and TNF-q, the administration of
ginger extract for the treatment of MS drew the
attention of researchers. As reported, treating
EAE with ginger extract reduced IFN-y and
TNF-a production and decreased inflammation
(26). According to the present study’s findings,
since [FN-y is an inducing agent of inducible
nitric oxide synthase (iNOS) in macrophages
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and dendritic cells, the decrease in IFN-y
expression probably leads to a reduction in
the NO production in the intervention group
compared with the control one. As mentioned
in other studies, ginger extract could suppress
the expression of enzymes such as iNOS in
autoimmune diseases such as rheumatoid
arthritis (27). Previous studies also reported
the antioxidant activity of ginger extract (28).
Their results indicated an increase in the serum
antioxidant capacity of mice receiving ginger
extract compared with the controls; however,
the effect mechanism is still unclear and needs
further examination.

CONCLUSION

According to the present study, ginger extract
reduces inflammation and modulates immune
responses effectively in the EAE model by
decreasing inflammatory cytokines TNF-a,
IFN-y, and IL-17 and increasing the percentage
of Treg cells and TGF-f. Therefore, along
with other classic and modern therapeutic
effects, ginger extract effectively improves
MS symptoms and reduces neurological
complications.
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