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Abstract

Objective: Rheumatoid arthritis (RA) is a disabling inflammatory disorder. Ginger is used for food and
medicine to treat arthralgia, sprains, and muscle aches. Anti-inflammatory effects of ginger have been
observed. The aim of our study was to detect the effects of ginger on experimentally induced inflam-
matory arthritis.

Methods: Female Wistar albino rats (n = 21) were randomly separated into three groups (control,
arthritis, and arthritis + ginger). Arthritis was generated by an appropriate method using type 2 colla-
gen and Freund's adjuvant (collagen-induced arthritis model). The ginger group was treated starting
at the first collagen injection with ginger root extract for 32days by oral gavage (50 mg/kg/daily).
Interleukin (IL)-6, IL-17, tumor necrosis factor-a (TNF-a), sclerostin, dickkopf-related protein-1 (DKK-1),
and obestatin serum levels were studied by enzyme-linked immunosorbent assay method. Tissue
TNF-a, IL-17, cyclooxygenase-2 (COX-2), and nuclear factor kappa B (NF-kB) levels were detected
using the Western blot method.

Results: Mean arthritis score and serum levels of TNF-q, IL-6, and IL-17 were significantly decreased in
ginger group than in the arthritis group. Increased sclerostin serum level and decreased DKK-1 serum
levels were detected in ginger group compared with arthritis group. The decreases of IL-17, TNF-q,
COX-2, and NF-kB tissue levels were statistically significant in the ginger group compared with arthri-
tis group. Histopathological evaluation of the ginger group showed a decrease in the inflammation
score compared to arthritis group.

Conclusion: It can be concluded that ginger has protective properties in the development of inflam-
matory arthritis. The antiarthritic acts of ginger are related to NF-kB activity and Wnt pathway. Thus, it
may be suggested that ginger is a candidate to research in human RA treatment.

Keywords: Ginger, arthritis, inflammatory markers, cytokines, Wnt pathway

Introduction

Rheumatoid arthritis (RA), a rheumatic inflammatory disorder, causes disability, arthritis, and joint damage
through chronic inflammation.! Many cytokines especially interleukin (IL)-1, IL-6, and tumor necrosis fac-
tor-alpha (TNF-a) have crucial pathogenic roles on RA.? Nuclear factor kappa B (NF-«kB) manages the activity
of many genes coding cytokines, acute phase reactants, adhesion molecules, monocyte chemoattractant
protein-1, cyclooxygenase-2 (COX-2), and lymphotoxins. The activation of NF-kB/Rel transcriptional family
through the translocation of cytoplasmic complexes to the nucleus acts a central role in the inflammation
as a result of the transcription of proinflammatory genes.

The Wnt signaling pathway has important actions in bone homeostasis.* Dickkopf-related protein (DKK)-1
and sclerostin are extracellular proteins related to the Wnt signaling pathway.” Sclerostin, a glycoprotein, is
released from mature osteocytes and inhibits osteoblastogenesis. Sclerostin levels have documented to be
increased in a cohort including patients with RA® In another article, DKK-1 has shown to be an independent
predictor of structural damage in RA. In addition, increased DKK-1 levels have been shown to be correlated
with disease activity, increased acute phase reactants, and bone resorption in RA.

Gingeris used in preparing vegetables and meat, and it is used as an aroma enhancer in many foods and bever-
age preparation. The roots of the plant have been used for more than 2,500 years in western and southern Asian
medicine®* Many studies have shown the antioxidative activity of ginger.'° The ginger components gingerols
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and shogaolsin have been shown to inhibit ara-
chidonicacid metabolismand prostaglandin syn-
thesis due to their effects on COX enzymes.""'? It
has been shown that ginger inhibits the releases
of inflammatory cytokines and chemokines from
inflammatory cells, synoviocytes, and chondro-
cytes." Ribel-Madsen et al.”* have reported that
ginger exhibits effective anti-inflammatory prop-
erties as betamethasone in the secretions of IL-6,
IL-18, and IL-8 in an in vitro study of synovial cell
cultures harvested from RA and osteoarthritis
patients.”

In this study, we aimed to ascertain potential
actions of ginger on the inflammatory and met-
abolic factors which are effective in the patho-
genesis of RA, in an experimental inflammatory
arthritis model (CIA: collagen-induced arthritis).

Methods

This study was performed at the Firat Univer-
sity Experimental Research Center with an
approval from the Firat University Ethical Com-
mittee for Animal Experiments. In the experi-
ments, 21 female rats (Wistar albino: weighing
180-200g and 8weeks old) were used. Three
study groups were defined: (1) control group,
(2) arthritis group, and (3) arthritis + ginger
group. The rats were fed in special cages with
standard rat feed. Rats left in 12 hours light and
12hours dark place in an environment with a
ventilation system at a relative humidity of 55 +
5% and a room temperature of 21-24°C.

Avrthritis induction

Type Il collagen (Sigma-Aldrich, Saint Lou-
is, MO, USA) was solubilized (1 mg/mL) with
acetic-acid (0.1M) to produce experimental
arthritis. The prepared collagen was emulsified
equally proportion with Freund’s adjuvant (Dif-
co Laboratories, Detroit, MI, USA). The prepared
mixture was injected by intradermal way (total:
200 Q) to each rat in the arthritis and arthritis
+ ginger groups for the induction to arthritis
from dorsum of tail (100ug for each rat) and
hind paws (50ug for each paw of each rat).
Booster injections of same mixture (100 ug
for each rat) were applied to the tail dorsal at
7 days after the first administration.'

e Ginger has protective properties in the
development of inflammatory arthritis.

o Ginger affects NF-kB and Wnt pathway in
inflammatory arthritis.

e Ginger is a candidate to research in
rheumatoid arthritis.
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After the first collagen injection, all enrolled
rats were examined for the occurrence of
arthritis according to the clinical arthritis scor-
ing described previously (Table 1).”

Ginger supplement

Ginger extract was obtained from Gingever
(litem code: 480006025], OmniActive Health
Technologies, Morristown, NJ, USA). The gin-
ger group was treated starting at the first
collagen injection with ginger root extract for
32days by oral gavage (the dose of ginger was
50mg/kg/day).'®

Sample collection

This study was terminated on the 33rd day,
and all rats were decapitated. Harvested blood
samples were centrifuged (5,000 rpm/5 min).
The collected sera were kept at —=20°C until
analysis. The hind paws were harvested precip-
itately from all rats for further Western blotting
and histopathological analysis. Harvested tis-
sue samples were divided into two parts: one
part was inserted in formalin solution (10%) for
later histopathological evaluations and other
part was quickly frozen at -80°C for later West-
ern blotting analysis.

Histopathological examinations: Tissue sam-
ples fixed in solution of formalin were stored in
10% nitric acid (at least 30days) for decalcifica-
tion, and paraffin blocks were built after decalci-
fication. Subsequently, sections from prepared
paraffin blocks were stained with hematoxylin-
eosin (H&E). A pathology specialist (LH.O.) ex-
amined the sections (x20, x40, X100, X200, and
%400 magnifications) to detect whether inflam-
matory cell infiltration of synovium, pannus for-
mation in joints, and the destruction of bones
and cartilages around the joints are present.
Previously described histopathological scoring
system was performed for these evaluations.'®

Biochemical analysis: Routine laboratory
parameters (glucose, urea, creatinine, alanine
aminotransferase, aspartate aminotransferase,
and lipid profiles) from serum samples were
researched by the standard biochemical analyz-
ing system (Samsung Electronics, Suwon, South
Korea). Enzyme-linked immunosorbent assay
method was selected to measure IL-6, IL-17,
TNF-q, sclerostin, DKK-1, and obestatin serum
levels (Cayman Chemical, Ann Arbor, MI, USA).

Western blot: Joint tissue IL-17, TNF-a, COX-2,
and NF-kB levels were analyzed using Western
blotting. The joint tissue homogenates that
were harvested from hind paws and rapidly
frozen at —-80°C were prepared. The prepared
tissue homogenates from joints were stored in
ice-cold lysis buffer containing Tris—=HCI (50 mM

Table 1. Clinically arthritis scoring.

Findings Score
No arthritis 0
Slight erythema and 1
edemain the foot or

ankle

Mild erythema and 2
edema of the paw

Moderate erythema and 3
edemain the paw

Severe edema and 4

ankylosis, limitation of
movement in the paw

and pH, 8.0), ethylenediaminetetraacetic acid
(5mM), NaCl (150mM), 1% triton X-100, 0.26%
Na-deoxycholate, sodium fluoride (50 mM),
phenyl-methyl-sulfonyl fluoride (50 ug/mL),
b-glycero-phosphate (10 mM), Na-orthovana-
date (0.1 mM), and leupeptin (10 pg/mL).Finally,
prepared homogenates were stored on ice
with 40 minutes duration."”

The supernatant was added to a sample buffer
of Na-dodecyl-sulfate-poly-acrylamide gel elec-
trophoresis containing 2% b-mercapto-ethanol.
A 20ug protein was electrophoresed and then
subsequently transferred to nitrocellulose blots
(Schleicher & Schuell, Keene, NH, USA). The pre-
pared nitrocellulose blots were washed with
phosphate-buffered saline (PBS). Washed nitro-
cellulose was blocked with 1% bovine serum
albumin (diluted in PBS) with the duration of
1 hour until administration of the primary anti-
bodies. Primary antibodies against IL-17, TNF-q,
COX-2, and NF-kB (Abcam, Cambridge, England)
were diluted (1: 1,000) in 0.05% tween-20. Subse-
quently, the nitrocellulose blots were incubated
with primary antibody at 4°C overnight. The blots
were applied by horseradish peroxidase conju-
gated with goat antimouse immunoglobulin G
(Abcam, Cambridge, England). Specific binding
was analyzed using hydrogen-peroxide and di-
amino-benzidine. The check for protein loading
was performed using the monoclonal {3-actin
mouse antibody (Sigma-Aldrich, Saint Louis,
MO, USA). Measurements were performed three
times for the confirmation of the results, and their
densitometric analysis performed on an image
analysis system (Image J, Bethesda, MD, USA).

Statistical analysis

The sample size of the present study was sev-
en per group, and it was calculated based on a
power of 85% and a P value of .05. All analyses
were performed using the general linear mod-
el procedure. Differences among groups were
analyzed by Kruskal-Wallis variance analysis
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Table 2. The effect of ginger extracts on arthritis scores and biochemical parameters in rats with collagen-induced arthritis.

Items Control Arthritis Ginger
Fifteenth day arthritis score - 1.86+0.34 0.43 +£0.20°
Thirty-third day arthritis score - 3.71+£0.18 0.86 +0.26"
GLU, mg/dL 103.14 £ 3.71 104.29 + 2.50 102.00 = 3.71
ALT, U/L 62.57 +6.34 65.14 +5.87 61.57 +7.18
AST, UIL 356.86 + 25.00 350.00 + 26.68 361.14 + 29.87
CREA, mg/dL 2.03+£0.15 1.97 £0.15 1.98£0.16
CHOL, mg/dL 101.71+3.33 99.71+ 2.56 98.29 + 4.65
TRIG, mg/dL 123.71+6.29 121.86 +3.80 120.57 +£10.18
HDL, mg/dL 22.86 +1.49 21.71+1.39 23.00+1.60
LDL, mg/dL 48.00 +2.48 4714 +3.00 46.43 +£4.50

GLU, glucose; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CREA: creatinine; CHOL, cholesterol; TRIG, triglycerides; HDL, high-density lipoprotein; LDL, low-density

lipoprotein.
The data presented as mean + standard error.

Mean values within same row are statistically different for 2P < .01, P <.001 as compared with the arthritis group.

and post hoc Mann-Whitney U test. Statistical
analysis was performed using the IBM-SPSS
software, version 21.0 (IBM Corp., Armonk, NY,
USA). Values of P < .05 were considered as sta-
tistically significant.

Results

Arthritis developed in the rats at 13-15days
after the first collagen injections. The mean val-
ues of arthritis score on the 15th day and 33rd
day, respectively, were 1.86 + 0.34 and 3.71 +
0.18 in the arthritis group and 0.43 + 0.20 and
0.86 + 0.26 in the ginger group (Table 2). Mean
arthritis scores of 15th and 33rd days were
significantly lower in the ginger group com-
pared with arthritis group (P < .01 and P < .001,
respectively).

Serum IL-6 levels were higher in the ar-
thritic group compared with control group
(P < .001). In the ginger group, the serum
IL-6 level was lower than the arthritis group
(P <.001) (Table 3). Similarly, serum TNF-a and
IL-17 levels were statistically significantly high-
er in the arthritis group when compared with

the control group (P < .001 for both). Con-
versely, serum TNF-a and IL-17 levels were sta-
tistically significantly lower in the ginger group
than in the arthritis group (P < .001 for both).

Tissue TNF-a and IL-17 levels were statistically
significantly higher in the arthritis group
compared with the control group (P < .001
for both). Tissue TNF-a level was relatively
decreased (P > .05), while tissue IL-17 level was
statistically significantly decreased (P < .01), in
the ginger group compared with the arthritis
group (Figure 1).

Tissue NF-kB and COX-2 levels were
significantly higher in the arthritis group than
in control group (P < .001 for both). In the
ginger group, tissue NF-kB level significantly
decreased (P < .05) and tissue COX-2 level rela-
tively (P >.05) decreased when compared with
arthritis group (Figure 1).

Serum sclerostin level was significantly
decreased in arthritic group when compared
with control group (P < .001). The serum

sclerostin level in the ginger group was higher
when compared with arthritis group (P < .05).
Unlike the sclerostin level, serum DKK-1 level
was elevated in the arthritic group compared
with the control group (P < .001) and lower in
ginger group compared with arthritis group
(P < .01) (Table 3). Serum obestatin level was
decreased in arthritis group when compared
to control group (P < .001). The increase in
serum obestatin level in ginger group com-
pared with arthritis group was not statistically
significant (P > .05) (Table 3).

In the arthritis group, obvious inflammatory
cell infiltrations in synovium and destructions
of cartilages and bones were observed by his-
topathological examination (Figure 2). On the
other hand, ginger supplement decreased
perisynovial inflammation, synovial hyper-
plasia, and the destruction of cartilage-bone.
Mean histopathological inflammation score
was higher compared with the control group
(P < .001). Conversely, it was lower in the gin-
ger group compared with the arthritis group
(P<.01).

Table 3. The effect of ginger extracts on serum IL-6, TNF-q, obestatin, sclerostin, and DKK-1 levels in rats with collagen-induced arthritis.

Items Control Arthritis Ginger
IL-6, pg/mL 1114 +1.16 49.43 +3.97¢ 23.29 + 2.50°f
IL-17, pg/mL 23.57+£1.72 58.14 + 4.44¢ 34.00 + 1.05%
TNF-a, pg/mL 26.00+1.91 60.43 + 2.66¢ 37.85 + 1.79%f
Obestatin, pg/mL 265.57 £ 11.42 123.00 £ 3.71¢ 140.71 + 3.55¢
Sclerostin, ng/mL 0.51+0.03 0.22 +£0.02¢ 0.33 +£0.02¢¢
DKK-1, pg/mL 587.43 £ 27.95 170714 £ 31.22¢ 1298.57 + 61.26¢¢

IL-6, interleukin; TNF-a, tumor necrosis factor alpha; DKK-1, dickkopf-related protein 1.
Data are means + standard error.
2P<.05,°P< .01, <P < .001 as compared with control group; 4P < .05, ¢P< .01, ‘P < .001 as compared with arthritis group.
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Figure 1. The effect of ginger extracts on histopathological changes (H&E x 200) in rats with collagen-induced arthritis. (@) Normal perisynovial
tissue and cartilage-bone appearance in the control group. (b) Obvious perisynovial inflammation and destruction of cartilage-bone in the arthritis
group. (¢) Decreased perisynovial inflammation and synovial hyperplasia in the ginger group.

Discussion

RA which is a chronic and inflammatory disorder
often results in disability and morbidity. T cells,
B cells, macrophages, and synovial fibroblasts
infiltrate synovial membrane and cause joint de-
struction in RA."? Cytokines (TNFq, IL-1, and IL-6)
deriving from fibroblast-like synoviocytes and
macrophages have been proposed as key me-
diators of RA"” Macrophages and fibroblast-like
synoviocytes are sources of these proinflamma-
tory cytokines, which serve as autologous stim-
uli of other cytokines. After the discovery of IL-17
producing CD4T cells in RA synovium, it has been
understood that Th17 cells are the ancestors of
CD4* T cells different from classical Th1 and Th2
cells, which play a role in various autoimmune
and inflammatory disorders.*?' The potent ar-
thritogenic effect of Th17 cells is mainly based on
the pleiotropic effect of IL-17A acting on different
cells forming the synovial tissue.*# The IL-17 syn-
ergistically encompasses the production of sever-
al cytokines, including TNFg, IL-1, and IL-6, by act-
ing on macrophages and synovial fibroblasts*
IL-17 also causes osteoclast differentiation lead-
ing to erosions on bones and destructions on
cartilages.”

In our study, serum TNF-q, IL-6, and IL-17 lev-
els and tissue TNF-a and IL-17 levels were
increased in the CIA model. In the ginger-treat-
ed group, it was observed that the clinical and
histopathological findings of arthritis were re-
gressed; moreover, serum TNF-q, IL-6, and IL-17
levels and tissue TNF-a and IL-17 levels were
decreased. It can be argued that ginger reduc-
es the expression of IL.-17 by an inhibitory effect
on Th17 cells. Thus, it can be achieved that sy-
novial macrophages decrease the production
of several cytokines such as TNF-q, IL-1, and IL-6.

Wnt/[3-catenin signal pathway regulates various
cellhomeostasis processes such as differentiation,
proliferation, migration, and adhesion.* Human
and animal studies have shown that the classical
Wnt signaling pathway controls the formation,

repairing, and remodeling of bone by regulating
osteoblast and osteoclast differentiation.” DKK-1
has shown to be an important regulator of joint
remodeling in inflammatory arthritis in RA and to
be associated with bone erosion.”® In a study con-
ducted, DKK-1 levels have been found to be high
in active RA patients when compared with healthy
controls?” Garnero et al?® have shown that the
changes in serum DKK-1 levels could be a poten-
tial biomarker for disease activity and radiological
progression. In addition, reduction in DKK-1 lev-
els has been shown in patients treated with an
inhibitor of TNF-a or IL-1.2 In this study, the serum
DKK-1 level was higher in arthritis group and low-
er in ginger-treated group. This finding indicates
the possible effect of the ginger on the Wnt/
-catenin pathway. In a previous study, gin-
ger was shown to inhibit apoptosis in human
meningioma cells via depletion of the Wnt/
(3-catenin pathway, and treatment could be add-
ed to recurrent meningiomas.® In another study,
ginger was seen as a potential therapeutic tool
in inducing apoptosis through the inhibition of
mTOR and Wnt/{3 catenin signaling pathway in
colorectal cancer.®

Sclerostin, a Wnt antagonist, has a role in
local and systemic bone loss in RA. Restric-
tive repairing of bone erosion in RA appears
to be associated with the induction of signals
which can block bone formations. The scle-
rostin expression is induced by inflammation,
and sclerostin suppresses bone formation, and
thus inhibits the repairing of bone erosion.®
In a study conducted by Lim et al.*? serum
C-terminal telopeptide of type 1 collagen and
sclerostin levels after 12weeks of treatment
with etanercept have been shown to be sta-
tistically ~ significantly increased compared
to baseline. Increased sclerostin levels have
been found to be positively correlated with
CTX-1 and bone-specific alkaline phosphatase
levels3? In our study, serum sclerostin level was
decreased in the arthritis group and increased
in the ginger group.

In a meta-analysis conducted by Shi et al.*
to identify serum sclerostin level association
in RA patients, serum sclerostin levels are not
statistically different when compared with
healthy controls. Mehaney et al.** have docu-
mented that serum sclerostin levels in RA have
been similar in healthy controls and that scle-
rostin serum levels are not related to disease
activity, bone mineral density, and radiological
injury grade. Although some studies on scle-
rostin suggest that increased sclerostin levels
are related to restructuring bone metabo-
lism, we think that detailed studies should be
done because of conflicting results. However,
we conclude that DKK-1 and sclerostin levels,
which are altered by ginger administration,
may have protective actions on joint destruc-
tion and bone remodeling by acting on the
Wnt/B-catenin pathway rather than the effects
of ginger on RA pathogenesis.

In our study, tissue NF-kB level was in-
creased in rats with inflammatory arthritis
and decreased in ginger supplied rats. Previ-
ous scientific investigations have shown that
NF-kB activation increases much earlier than the
development of clinical arthritis.* In our study,
decreased NF-kB activity in ginger-supplied
rats compared with inflammatory arthritis rats
could be thought to prevent or delay the devel-
opment of arthritis by decreasing proinflamma-
tory cytokine-chemokine levels. It can also be
used to explain the positive effects of ginger on
inflammatory arthritis pathogenesis.

Ginger, a plant originated in Southeast Asia, has
been used for food and medicine since antig-
uity® There has recently been increased atten-
tion to the use of ginger as an herbal dietary
supplement, especially in the treatment of
chronic inflammatory conditions*® Ginger's
anti-inflammatory  properties have been
documented in many studies®* In several
studies, it has been shown that ginger inhibits
chemokine and cytokine expressions by cells
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Figure 2. The effect of ginger extracts on protein levels of tumor necrosis factor alpha (TNF-g; a), interleukin 1

Arthritis

Ginger
7 (IL-17; b), nuclear factor-kappa B

(NF-kB; ©), and cyclooxygenase-2 (COX-2; d) in rats with collagen-induced arthritis. The intensity of the bands was quantified by densitometric
analysis, and 3-actin was included to ensure equal protein loading. Data are expressed as percent of control value. Each bar represents the mean +
standard error. Blots were repeated at least three times. *P < .05, **P < .01, ***P < .001 as compared with control group; *P < .05, #P < .01 as compared

with arthritis group.

in in-vitro settings.>* Tzeng et al** have in-
vestigated the protective role of subtropical
ginger, a so-called zerumbone, on hyperglyce-
mia-induced phytochemically induced retinal
damage in experimentally induced diabetic
rats. Zerumbone has been shown to improve
diabetes-induced TNF-q, IL-1, and IL-6 up-regu-
lations. Moreover, zerumbone has been shown
to inhibit vascular endothelial growth factor
and intracellular adhesion molecule-1 overex-
pressions, to suppress NF-kB expression, and
to prevent apoptosis in retinal cells* Zehsaz
et al® have investigated the effects of ginger
on the levels of cytokines on well-trained male
endurance runners. In this study, plasma levels
of TNF-q, IL.-13, and IL-6 collected at postexer-
cise period have been found to be lower in the
ginger-administered runners than in controls.*®
Hoseinzadeh et al*' have shown that healthy
women volunteers using the ginger extract
1 hour before exercise have reduced muscle
pain and IL-6 levels compared with the place-
bo group.

As a result, our study suggests that ginger
has protective properties in the develop-
ment of inflammatory arthritis. In addition,
the ginger affects the cytokine levels, tissue
NF-kB, COX-2 levels, and Wnt pathway in the
CIA model. Promoting consumption of gin-
ger as a dietary supplement, which has been
used since ancient times, can be considered
to have a positive effect on inflammatory ar-
thritis specimens such as RA. Although it is
a very ambitious opinion, community-based
broad-based work is needed to support this
hypothesis.
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