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Abstract

Background: Rheumatoid arthritis (RA) is a chronic autoimmune and inflammatory disease that affects the joints and consequently
leads to the destruction of cartilage and bone lesions. Traditionally, ginger has been consumed in treatment of osteoarthritis, joint and
muscle pain, neurological diseases, and inflammation of gums, tooth pain, asthma, stroke, diabetes, and constipation. The aim of this
study was to determine the effect of ginger on some immunological and inflammatory markers in patients with theumatoid arthritis.

Methods: In this study, which was performed during 2013-2016, 66 patients with active rheumatoid arthritis who referred to the
rheumatology clinic at Shariati hospital were en-rolled. Patients were randomly divided into 2 groups: one group consumed 1.5 gr ginger
per day, and the other group took roasted wheat flour (placebo), respectively. To determine the effect of confounding factors on the
findings of the study, questionnaires for nutrient intake, physical activity, and medication were filled, and BMI was measured. For each
participant, at the beginning and end of the study, Serum hs-CRP and mRNA levels of IL-1pB, IL-2 and TNF-a were determined by
ELISA and Quantitative Real Time PCR, respectively. Statistical analysis was performed using SPSS software. Significance level was
set at p<0.05.

Results: Results of the study showed ginger powder supplementation caused a significant decline in CRP (p=0.050) and IL-1 mRNA
level (p=0.021). TNFa mRNA levels reduced in ginger group compared to placebo groupalthough the difference was not significant be-
tween the 2 groups (p=0.093). Ginger had no effects on IL2 gene expression.

Conclusion: This study showed that ginger reduces inflammatory factors hs-CRP and IL-1p gene expression in patients with active
RA and it seems that ginger can improve the inflam-mation in the patients.
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Introduction

Rheumatoid arthritis (RA) is an autoimmune inflamma-
tory disease that causes proliferation of synovial cells and
leads to destructive lesion of joint cartilage and bone. The
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discase is caused by both genetic and environmental fac-
tors, with a prevalence of approximately 1% of the world-
wide population. In Iran, the prevalence of the disease is

1What is “already known” in this topic:

There has been no sufficient evidence based on clinical trials to
study the effect of ginger on patients with rheumatoid arthritis,
osteoarthritis, and other muscular and joint pains.

In addition, to the best of our knowledge, no study has been
conducted on the effect of ginger on IL1f, IL2, and TNFa gene
expression as inflammatory and immunityindexes in patients
with RA.

— What this article adds:
This study found that ginger powder decreases CRP and IL-1f

in patients with active rheumatoid arthritis and it seems that
ginger can improve the inflammation in the RA patients by
decreasing inflammatory factors.
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0.33%, which is lower than other parts of the world (1, 2).

The severity of illness and pain are closely associated
with inflammation and oxidative stress (3-5). The antioxi-
dant levels are lower in RA patients (6-7). An imbalance
between Thl and Th2 cells activity ratio increases Th17
cells activity and the level of cytokines mRNA secreted
from ThO or Thl in peripheral blood; moreover, joint tissue
is observed in patients who suffer from active rheumatoid
arthritis (8-9). The increase in IL2 and IL2/IL4 ratio are
good indicators of increased Th1/Th2 ratio (3). More than
40 antioxidants have been isolated from ginger rhizome.
The major pharmacological activity of ginger is related to
its phenolic active ingredients such as gingerols and
shogaols (10). These compounds have antiemetic, fever,
cough, inflammatory, diabetic, hyperlipidemic, and cancer
nature (11). Ginger is known as a traditional treatment for
relieving stiffness and pain in patients with osteoarthritis
(10). Besides, ginger is safe and well-tolerated in doses up
to 2 grams daily (12). However, there is insufficient evi-
dence for the efficacy of this plant in the treatment of RA.

According to the National Institutes of health & National
Center for omplementary and Alternative Medicine
(NCCAM), to date, there has been no sufficient evidence
based on clinical trials to study the effect of ginger on oste-
oarthritis, rheumatoid arthritis, and other muscular and joint
pains (13).

In addition, to the best of our knowledge, no study has
been conducted on the effect of ginger on inflammatory and
immunity factors gene expression in RA patients. There-
fore, the present study was performed to study the effect of
ginger powder on CRP level and proinflammatory cyto-
kines in patients with active RA.

Methods

Study design

The present study was a double-blind randomized pla-
cebo controlled clinical trial that has been approved by
medical ethics committee of Iran University of Medical
Sciences, and written informed consent was obtained from
all the participants. This study has been registered in the
Iranian Center for Clinical Trials (No: 201207109472N4).

Study population and intervention

Participants were 66 (19-69 year-old) active RA patients
with 2-year disease duration who were referred to a rheu-
matology clinic at Tehran Shariati hospital and fulfilled the
American College of Rheumatology Criteria for RA during
2013-2016 (14). The exclusion criteria were as follow: his-
tory of hyperlipidemia myocardial infarction abnormal re-
nal and/or hepatic function; taking vitamins and/or mineral
supplements less than 2 months before the study; taking
thyroid hormones, antihypertensive drugs, diuretics, and -
blockers alcohol contraceptives smoking pregnancy lacta-
tion; and changing medications (antimalaria and steroidal
anti-inflammatory drugs).

Data on dietary habits, dietary supplements, smoking,
and drug history were attained by interviewing. The partic-
ipants were asked not to change their usual diet, physical
activity, and prescribed medications during the study.
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The patients were randomly divided (simple randomiza-
tion) into 2 groups to receive either ginger or placebo cap-
sules. Ginger was prescribed 1500 mg daily as 2 capsules
(each containing 750 mg of ginger powder) by the re-
searcher, and placebo contained wheat flour. Ginger and
placebo capsules were produced in similar shape, size,
smell, and color (wheat was roasted and then kept inside
the ginger pockets for 2 weeks). The boxes of capsules have
been coded by a statistician, and neither the researcher nor
the patients were aware of the contents of the capsules (Pla-
cebo or Ginger). Moreover, the laboratory personnel were
blind to the name and group of participants. Also, hsCRP,
and IL-1B, TNFa, and IL2 mRNA level were the primary
outcomes.

Considering the results (mean+SD) for CRP in the clini-
cal trial led by Atashak (15), with a confidence level 0of 95%
and power of 80%, the sample size for each treatment group
was calculated to be 26 patients.

Serum hs-CRP was determined using ELISA (Monobind,
USA). Disease activity scores (DAS) were calculated based
on erythrocytese dimentation rate and serum hs-CRP (17).

The intervention period was 12 weeks. Neither the re-
searchers nor the patients were aware whether the patients
belonged to the ginger or the placebo group. The patients
were under treatment with disease modifying antirheumatic
drugs (DMARDs: methotrexate, hydroxychloroquine, and
prednisolone <10 mg/day) and did not receive anti-inflam-
matory drugs (NSAIDs) as far as possible. Compliance was
estimated by intake of more than 90% of the supplements
throughout the study in the2 groups. Also, 7 cc of blood
samples were taken from the patients who met the inclusion
criteria. To measure the serum level, the collected blood
samples were sent to the research center’s rheumatology la-
boratory.

PBMC isolation and RNA extraction

PBMCs were isolated from whole blood samples using
Ficoll-Hypaque gradient (Sigma, 690PB-100A). Total cel-
lular RNA was extracted from PBMCs using High Pure
RNA Isolation Kit (Roche, Germany, 11828665001), ac-
cording to the manufacturer’s protocol. The quantity and
quality of RNA was evaluated by spectrophotometer
(NanoDrop ND-2000C, Thermo Fisher Scientific, USA).

cDNA synthesis and qPCR

Isolated RNA was utilized to make cDNA using Tran-
scriptor First Strand cDNA Synthesis Kit (Roche, Ger-
many, 04897030001). Real Q Plus 2x Master Mix Green
(Ampliqon, 5000830) and Step One Plus Applied Biosys-
tems Real Time PCR instrument (Foster City, CA, USA)
were used for quantitative PCR. Primers are explained in
Table 1. B2M, a housekeeping gene, was used for normali-
zation. Triplicate experiments were performed for each
sample and the average Ct value was determined. Compar-
ative Ct method was used for the analysis of IL-1f, IL-2,
and TNF-a gene expressions (16). Relative mRNA expres-
sion for each sample was computed using the following
equation: relative mRNA expression = (2(Ct B2M-Ct of cy-
tokines)) x 1000. PCR Primers are shown in Table 1.
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Table 1. Primers used for quantitative real time PCR analysis
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Gene Type Sequence Gene ID
IL-18 Forward 5’- atggcttattacagtggcaatgag -3’ 3553
Reverse 5’- gtagtggtggtcggagattcg -3’
IL-2 Forward 5’- aactcctgtcttgcattgcac -3’ 3558
Reverse 5’- getccagttgtagetgtgttt -3°
TNF-o. Forward 5’- cetgecccaatecctttatt -3’ 7124
Reverse 5’- ccctaageccccaattetet -37
p2M Forward 5’- cctgaattgctatgtgtetggg -3’ 567
Reverse 5’- tgatgctgcttacatgtctcga -3°
Statistical analysis Results

Statistical analysis was done using SPSS software ver-
sion 18 (SPSS, Chicago, IL, USA). Kolmogorov—Smirnov
test was used to determine data compliance with the normal
distribution. Quantitative variables were compared be-
tween the 2 groups at baseline and at the end of the study
using an independent t test. Quantitative variables within
each group were compared with paired t test, before and
after treatment. Qualitative variables were analyzed with
chi-squared tests. All values were reported based on
mean+SE. P value < 0.05 was considered asstatistically sig-
nificant.

Assessed for eligibility (n=720)

In this study, 720 patients were assessed for eligibility,
and 66 active RA patients entered the study. Patients were
excluded from the study due to incomplete capsules intake
and changing their medication (2 participants in ginger and
6 in placebo group). Of the 66 patients with active RA who
entered the study, 58 completed the study (Fig. 1). Baseline
characteristics of the participants are presented in Table 1.
Both groups were similar regarding sex, age, and duration
of RA in diagnosis, weight, body mass index (BMI), anden-
ergy intake (Table 2). There were no significant changes in
patients’ physical activity, dietary intake, or medications
during the study period. There was no significant difference

1.3 Enrollment

Randomization

Excluded, the disease was inactive
(n=614)

Not meeting other inclusion criteria
(n=30)

Refused to participate (n= 10)

N

Allocated to intervention (n= 33)

Allocated to intervention (n=33)

Received allocated intervention (n= 33) Received allocated intervention (n=33)
1.4 Allocation

Discontinued intervention (n= 2)

1 due to recurrence of disease and
the need for prednisolon therapy

Discontinued intervention (n= 6)

Reasons: Reasons:
1 due to unwillingness to 3 due to unwillingness to
cooperate 1.2 Follow-Up cooperate

2 due to recurrence of disease and
the need for prednisolon therapy

Analyzed (n=31) cases

‘ [ 1.1 Analysis ] |

Analyzed (n=27) controls

Fig. 1. Study setting and patients” allocation diagram
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Table 2. Comparison of demographic, medication usage, and ESR, CRP, and DAS28 for the 2 study groups at the baseline

Variable Ginger group Placebo group p
N=31 N=27

Male/Female 4/27 3/24 0.4017
Age (years) T 48.63+2.38 46.67+1.94 0.770*
Disease duration (years) f 18.12+4.13 14.87+4.13 0.573*
Energy 352+1517.3 287+1537.7 0.844
Weight (kg) T 73.45+2.13 74.49+2.03 0.620*
BMI (kg/m") T 29.23+0.83 29.59+1.12 0.790*
Corticosteroids (mg/d) 8.10+0.7 8.48+0.65 0.881
Methotrexate (%)y 32091) 29(96) 0.382
ESR*t 30.09+5.37 25.59+4.22 0.963
DAS28* 4.731£0.27 4.514£0.27 0.571
hsCRP level’t 13.50+3.45 13.01£2.25 0.390

T Data are presented as mean+SE.
P*Independent t-test

P Chi-squared test

P value <0.05 is significant.

There were no significant differences between groups by T-test (for means) or Chi-square (for sex ratio).1-body mass index; 2- Equivalent dose of Prednisolone 3- Erythro-

cyte Sedimentation Rate 4-Disease Activity Score 28; 5-C-Reactive Protein

Table 3. hs-CRP level in ginger and placebo groups before and after intervention

Variables Ginger group Placebo group pY
N=31 N=27
hsCRP (mg/dL) Before 13.50+6.7 13.01+£8.4 0.044
After 7.62+5.1 16.3949.6
p* 0.05 0.38

Data are presented as mean+ SD.

P* within group comparison (Paired t-test).

PY between groups comparison (independent t test of mean differences)
P value <0.05 is significant.

between the 2 groups in the use of DMARDSs and cortico-  group, TNF-a levels were reduced compared to placebo alt-
steroids before and during the study intervention (p>0.05).  hough the difference was not significant between the 2
Table 3 demonstrates the mean and standard error of IL-  groups (p=0.093). Ginger had no effect on IL2 (Fig. 2).

1B, IL-2, TNF-a, and hs-CRP. There was a significant re-
duction in CRP (p = 0.050) and IL-1f (p=0.021). In ginger
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Fig. 2. IL-1B dL-2 sTNF-o level in ginger and placebo groups before and after intervention
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Discussion

In the present study, 12-week supplementation with 1.5
gr/day ginger powder in active Rheumatoid arthritis pa-
tients caused significant reduction in IL-1B and hs-CRP. In
addition, significant decrease was observed in TNF-o in
ginger group.

To our knowledge, this was the first study on the effect
of ginger on the cytokines related to inflammation in rheu-
matoid arthritis patients.

Some studies have shown that ginger decreases pain and
inflammation in patients with osteoarthritis and muscle dis-
comfort (18-20). Likewise, in traditional medicine, ginger
intake is recommendedfor patients with arthritis muscle
pain such as rheumatoid arthritis and osteoarthritis (20).

Some human and animal studies have displayed that anti-
inflammatory effect of ginger is due to decrease in proin-
flammatory cytokines and chemokines production. In a
clinical trial on type 2 diabetic patients, supplementation
with 1.600 gr/day ginger powder for 12 weeks caused sig-
nificant decline in serum PGE2 and CRP comparedto pla-
cebo; however, the decrease in serum TNF-o was not sta-
tistically significant between the 2 groups (10).

To our knowledge, very few studies examined the effect
of ginger on T cells proliferation and function. Some in
vitro studies found that ginger and its main gingerols can
repress T cells proliferation and activation. In an in vitro
study, volatile oil of ginger reduced the proliferation of T
lymphocytes and total number of T helper cells (p <0.01).
Also it incremented the percentage of T suppressor cells to
total T lymphocytes (p<0.01) (21).

One study showed that ginger decreased the production
of proinflammatory cytokines TNF-a, IL-12, and IL-1§,
and proinflammatory chemokine MCP-1 and RANTES in
vitro (22). In addition, ginger downregulated the expression
of B71, B72, and MHC class II molecules. Moreover, a sig-
nificant reduction in IFN-y and IL-2 productions by T cells
in response to stimulation was observed (21). Also, ginger
extract reduced macrophages activity as antigen presenting
cell (APC) and inhibited T cells activity indirectly (23).

The decrease in the T-cells activity in the mentioned stud-
ies is not entirely consistent with the results of the present
study that showed insignificant decrease in IL-2, which
may be due to differences in ginger dose, sample size, and
duration of the study; also, the present study was in vivo.

In Yasuka et al study, 6-Shogaol and 6-gingerol, the in-
gredients of ginger, inhibited TNF-a mediated downregu-
lation of adiponectin expression via different mechanisms
in 3T3-L1 adipocytes (24).

Moreover, in this study, there was a significant reduction
in IL-1p (p=0.02). In Zhou et al study on the evaluation of
ginger oil on rats and cell culture, similar to the present
study, it was shown that this oil caused IL-1f secretion in
peritonea’s macrophages (21). In a study on rats with ar-
thritis, red ginger ethanolic extract decreased inflammation
by reducing PGE2 and nitric oxide production (25).

Several studies have shown the effect of ginger on in-
flammation improvement by decreasing of NF-kB gene ex-
pression. Lee et al demonstrated that 6-gingerol isolated
from Zingiber officinal exhibited anti-inflammatory effect

N. Aryaeian, et al.

by suppressing NF-«kB signaling pathways. Also, 6-gin-
gerol significantly inhibited IkB phosphorylation and NF-
kB nuclear activation (26). Recently, it has been reported
that 1-dehydro-10-gingerdione is one of the significant
compounds that has anti-inflammatory effect through inhi-
bition of the NF-«B regulated expression of inflammatory
genes linked to TLR mediated innate immunity (27).

Expression of PPARy in monocytes/MDMs (Monocyte-
Derived Macrophages) can be an indicator of disease activ-
ity and treatment efficacy in rheumatoid arthritis, because
the patients with DAS-28 score < 3.2 show the highest ex-
pression of PPAR-y (28). Some previous studies have
shown that ginger components act as PPARy agonists and
can upregulate PPARY target genes expression (29). Sev-
eral studies have emphasized anti-inflammatory properties
of PPARY agonists in models of arthritis and different in-
flammatory cells. PPARy agonists suppress translation of
genes involved in joint pathology (such as TNF-a, IL-1§,
gelatinase B, Matrix Metallo Proteinases (MMP) 9 and 13
(28). To date, potential anti-inflammatory characteristics of
ligands of PPAR-y on the activity of rheumatoid arthritis in
several arthritis experimental models have been observed
(29). The strength of this study was that this research was
the first clinical trial study on RA patients and its anti-in-
flammatory mechanism effect.

Limitation

The limitation of this study was the intake of anti-inflam-
matory medication by patients, which was controlled by
omitting the patients who had changed the amount of pred-
nisolone and antimalarial intake and by daily recording of
the nonsteroidal anti-inflammatory drugs (NSAIDs) usage
by patients.

Conclusion

In RA as anti-inflammatory disease, it seems that ginger
may decrease inflammation by reducing some inflamma-
tory markers production.
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