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A B S T R A C T

Purpose: Given to the anti-inflammatory effect of Nicotine and Thymol, this study was done to evaluate the
effects of co-administration of Nicotine and Thymol on the clinical aspects, and immunity responses in Freund's
complete adjuvant (FCA)-induced RA in Wistar rat.
Methods: The study population contained a total of 50 male Wistar rats with a weight range 150 ± 7 g, which
RA was induced through FCA at them. These animals were randomly allocated into five groups (n= 10): RA rats
treated with PBS (100mg/kg orally), RA rats treated with Thymol (100mg/kg orally), RA rats treated with
Nicotine (2.5mg/kg-orally), and RA rats treated with combined Nicotine and Thymol (half doses with each one-
orally). All treatments were initiated at day seven p.i. when all rats showed a clinical score of ≥1. Clinical
symptoms of the disease were recorded every other day until the day 23 p.i.
Results: Obtained data revealed the combination therapy reduced the severity of the disease and improved
weight-gaining more profound than each medication alone. Furthermore, combination therapy caused a re-
duction in some hematological and biochemical RA parameters, such as Rheumatoid factor, C-Reactive Protein,
Nitric oxide, Myeloperoxidase, IL-1, and IL-17 more impressive than each treatment alone. Interestingly, the
combination therapy with half doses of Nicotine and Thymol did not have any synergistic advantage in anti-
proliferation effect, and therefore immunosuppression side effect compared with using each of agents alone.
Conclusion: Collectively, it is possible that combination therapy can be applied as a beneficial strategy to control
RA.

1. Introduction

Rheumatoid arthritis (RA) is known as an inflammatory rheumatic
disease that leads to chronic synovial inflammation, then destruction in
joints [1]. The epidemiologic research showed that the prevalence of
rheumatoid arthritis is 0.5%–1.0%. Approximately 75% of patients with
RA own autoantibodies such as rheumatoid factor, proposing that RA is
an autoimmune disorder [2].In the inflammatory immune process, ac-
tivation of immune cells is accelerated through the generation of pro-
inflammatory cytokines, and mediators in the synovial membrane,
which is responsible for more hurt to bone [3,4]. Albeit macrophages
set up the inflammation, activation of various subtypes of T-cells own
an important role in the progression of the process [5]. As a result, the
interaction between macrophages, cytokines, and T-cells owns a sub-
stantial action in the pathological imbalance of the immune response in
RA [3,4].

Most of the treatments for RA mitigate pain, decrease joint swelling,
and damage [6]. These treatments are based on the use of

glucocorticoids and non-steroidal anti-inflammatory drugs, which in
high dose and long-term using own many side effects on bone, stomach,
kidney, and other organs [1,6]. On the other hand, a relatively large
proportion of patients have an inadequate response to conventional
disease-modifying anti-rheumatic medications [7]. Therefore, RA pa-
tients mainly prefer the alternative, and complementary medicines,
especially phytomedicines [1,8]. Fortunately, Freund's complete ad-
juvant (FCA)-induced arthritis is considered as rat model for studying
the different aspects of RA [9,10]. Previous studied has revealed FCA-
induced RA in rat shares common characteristics with rheumatoid ar-
thritis in human Characterization of a Freund's complete adjuvant-in-
duced model of chronic arthritis in mice [9–11].

Thymol is an illustrious natural monoterpene phenol, and found
plentifully in plants belonging to the Lamiaceae family (thymus,
Monarda genera, Ocimum, and origanum, and many other medicinal
herbs [12]. Thymol was considered for its antioxidant, anti-in-
flammatory, as well as immune-modulatory impacts [13]. Previous
documents indicated that Thymol could regress the lipopolysaccharide-
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induced inflammatory response or airway inflammation in an oval-
bumin-induced mouse model of asthma [13]. Thymol has been sug-
gested as a safe alternative for treating autoimmune, and inflammatory
diseases [12,13]. Nicotine is a famous parasympathomimetic alkaloid,
which is typically detected at a high level in tobacco leaves [14,15].
Nicotine also deactivates an inflammatory response, through decreasing
of pro-inflammatory cytokines, and cells [15]. Furthermore, Nicotine
declines T cell activation, antibody response, and pro-inflammatory
cytokine production [16,17]. These anti-inflammatory effects of Nico-
tine have been confirmed in different studies [14,15,17].

Due to the complex nature of autoimmune diseases, and also the
involvement of multiple cells in their pathogenesis, the treatment of
these diseases is rarely effective only via one drug [18,19]. One suitable
approach to control complicated disorders like RA is to investigate a
logical combination of new medications or existing drugs. Accordingly,
the recent study was done to evaluate the effects of simultaneous ad-
ministration of Nicotine and Thymol on clinical presentation, and im-
mune responses in FCA -induced rheumatoid arthritis in Wistar rats.

2. Materials and methods

2.1. Chemicals

Cell culture media and fetal calf serum (FBS) were obtained from
GIBCO/Life Technologies Inc. (Gaithersburg, MD, USA). The ELISA
(enzyme-linked immunosorbent assay) kits were purchased PeproTech
EC, Ltd. (London, UK). Nicotine, Thymol, and other reagents were
procured from Sigma-Aldrich Corporation (St. Louis, MO, USA).

2.2. Animals

A total of 50 male Wistar rats (eight weeks old) were obtained from
the faculty of veterinary medicine, Urmia University, Iran. These rats
weighed 150 ± 7 g. All rats were kept under the condition of tem-
perature (23 °C ± 1) with a 12-hour light/dark cycle and allowed food
and water ad libitum. All experimental procedure was carried out by the
ethical standards of laboratory laws published by the National Institute
of Health Guide. This study was conducted under ethical code “IR,
UU.AEC.906/AD3” issued by the Ethics Committee for Laboratory
Animals of Urmia University, Iran.

2.3. Induction of RA and clinical evaluations

RA was induced in rats by intradermal injection into the hind paw
with 0.1 mL of Complete Freund's adjuvant (CFA), containing 10mg/ml
of killed Mycobacterium [20].

The volume of the non-injected hind paw was monitored every
other day by an electronic water plethysmograph. The severity of the
disease was determined by using the following scoring system:
4=Complete swelling of the whole leg and inability to bend it;
3= Swelling of the ankle; 2= Erythema and swelling of paws;
1= Erythema of the toe; 0=Normal paw. All evaluations were made
every Monday during the study. Evaluations were done by three in-
dependent observers at each examination and the average of the mea-
surements was reported. Therefore, the maximum arthritis score can be
12 (The arthritis index was evaluated only for the non-injected paws).
Moreover, the changes in weight of each rat were recorded every other
day after immunization.

2.4. Treatment of rats

All therapies were initiated when all rats had developed signs of
edema in the non-injected hind paw. Rats were randomly allocated into
the 5 equal groups: RA rats treated with PBS, RA rats treated with
Thymol (100 mg/kg-orally), RA rats treated with Nicotine (2.5mg/kg-
orally), RA rats treated with combined Nicotine and Thymol (half doses

with each one-orally) and normal control rats (these rats were given an
equal volume of water at the same time). Therapies were continued at
day 23 post immunization when the rats were euthanized. These do-
sages were selected in accordance with the previous studies on some rat
inflammatory models [14,21].

2.5. Serum evaluations

Before animal sacrifice, blood was drawn from the abdominal aorta,
and centrifuged at 3500 rpm for 15min at 4 °C. The serum was frozen at
−80 °C until analyzed. The levels of TNF-α, IL-1, IL-6, IL-17, and IFN-γ
in the serum were measured by ELISA kits for cytokine assays following
the manufacturer's instructions (BD, UK).

Moreover, the serum level of nitric oxide (NO) was determined by
nitric oxide measuring kit (Sigma, USA). Also, rheumatoid factor (RF)
and C-reactive protein (CRP) levels were measured by RF and CRP
measuring kits (BD, UK), respectively.

The activity of myeloperoxidase (MPO) enzyme in collected sera
was determined by method Pulli et al., [36]. Briefly, 10 μL of sample
was added to 80 μL H2O2, and 0.75mM 3,3′,5,5′-Tetramethylbenzidine
(TMB) (2.9 mM TMB, 14.5% DMSO, 150mM phosphate buffer, pH 5.4).
After incubation for 5min at 37 °C, the change in absorbance was
measured at 450 nm. The outcomes were presented as U/L over 5min,
whereby one unit of the enzyme was described as the content of MPO
degrading 1 nMH2O2 per minute at 37 °C.

2.6. Lymphocyte proliferation index

After bleeding from the rats, the spleens were removed under sterile
conditions. Each spleen tissue was sliced and crushed in 5ml of RPMI-
1640 medium containing 05% FBS. The spleens were passed through a
filter with a swelling of 0.02ml and the cell suspension was centrifuged
at 2000 rpm for 10min. In order to remove the red blood cells, 5 ml of
ACK buffer [containing 8.29 g ammonium chloride, 1 g potassium bi-
carbonate and 32.2 g EDTA] was added to the cellular deposition. After
the cell counting process, the cell suspension was prepared in
1×106 cell/ml of each sample. For each sample, three replicates were
considered in the presence of 50 μl of phytohemagglutinin (1mg/ml)
and three replicates without phytohemagglutinin. In the three wells,
RPMI empty environment was used as blank. After 72 h’ incubation of
the samples in the oven with 5% CO2, 25 μl of MTT (5mg/ml) was
added to each well. Following adding the 100 μl of DMSO, the color
intensity was determined at 495 nm, and the stimulation index was
calculated according to the following equation: stimulation index=OD
(with the presence of PHA)-OD (blank)/OD (without the presence of
PHA)-OD (blank).

2.7. Statistical analysis

The statistical analysis was performed using the SPSS software
program, version 22 (IBM Co., USA). One-way analysis of variance
(ANOVA) followed by Tukey's range test for comparison of means of
different groups. In the research, the level of statistical significance was
set at p < 0.05.

3. Results

3.1. Clinical evaluations

The inflammatory reactions in the joints environment is an essential
clinical symptom in RA and its animal models [22]. Treatment proto-
cols were started at day 7 post-immunization when individual rats
showed an arthritis index of ≥1. The peak of paw swelling recorded on
day 13 post adjuvant immunization (Fig. 1A and B). Both administra-
tions of Nicotine and Thymol could significantly suppress the arthritis
index hind paw swelling of RA rats, compared to vehicle-treated RA rats
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(Fig. 1A and B and C). Albite, the reduction of both indices in the RA
group treated with half doses of Nicotine and Thymol in combination
was more evident than RA rats treated with each medication at its full
doses (Fig. 1 A, B and C). Evaluation of paw swelling data and arthritis
index showed that treatment with Nicotine and Thymol in combination
led to a significant reduction of paw swelling index from day 11,
compared to vehicle-treated RA rats. This beneficial effect was initiated
from day 13 p.i. in both Nicotine and Thymol-treated rats (Fig. 1A and
B). Also, data analysis showed that Thymol had more profound benefit
in the reduction of average mean paw swelling and average arthritis
index compared to Nicotine (Fig. 1C).

As shown in Fig. 1C, an increment in body weight was registered
after injection of CFA in rats. Our results indicated that all therapeutic
groups had improved the weight-gaining during treatment. The highest
improvement was observed in the combination therapy and Thymol
groups. It can be concluded that treatment with Thymol has more
profound benefits in regressing the weight-gaining in RA rats than
treatment with Nicotine) Fig. 1C (.

3.2. Changes in biochemical factors

In this research, all treatments significantly decreased the levels of
CRP, RF, NO and MPO activity in rats with rheumatoid arthritis. The
highest reduction of CRP and MPO was recorded for combination
therapy with half doses of Nicotine and thymol compared to therapy
with each individual medication at its full doses (Fig. 2 A and B). Based
on the observations, the highest reduction in RF and the nitric oxide
level was registered for the combination therapy and Thymol groups
(Fig. 2C and D). Accordingly, Thymol has been able to decline the
content of RF and nitric oxide more than Nicotine (Fig. 2C and D). In
summary, the co-administration of Nicotine and Thymol resulted in
lower CRP and MPO than individual Nicotine and Thymol treatments,
which reflects the synergistic effect of Nicotine and Thymol against CRP
and MPO (Fig. 2).

3.3. Effect of treatment on pro-inflammatory cytokine levels

As Fig. 3 shows, all medications led to a significant diminish in the

content of these cytokines in the sera samples of rats with RA compared
to the vehicle-treated RA rats. Our results revealed the highest decrease
in IL-1 and IL-17 level occurred in the group receiving the combination
therapy with Nicotine and Thymol at half doses compared to RA rats
received monotherapy at full doses. Statistical analysis demonstrated
that combination therapy didn't have any synergistic benefit in redu-
cing TNF-α, IL-6 and IFN-γ compared to RA tats treated individually
with these medications. Also, Thymol has been able to regress the levels
of IL-1β and IL-6 more than Nicotine (Fig. 3). Moreover, there was no
significant discernment in IFN-γ and TNF-α levels between RA animals
received each of the treatment protocols (Fig. 3).

Collectively, the combination of Nicotine and Thymol resulted in
lower IL-1β and IL-17 than individual Nicotine and Thymol treatments,
which reflects the synergistic benefits of Nicotine and Thymol against
IL-1β and IL-17 (Fig. 3).

3.4. Splenocytes proliferation

All treatment groups significantly decreased lymphocyte prolifera-
tion in spleen cells (Fig. 4). As a result, it revealed that combination
therapy didn't have any synergistic benefit in anti-proliferative and
immunosuppressive effect compared to rats received each agent alone
(Fig. 4).

4. Discussion

Complementary and alternative medicines for the treatment of
rheumatoid arthritis (RA), is gaining more attraction due to its lower
side effects, and its potential to cure RA [11,23,24]. Of note, the
principal aim of combination therapy is that the combination leads to a
significant reduction in the clinical features better than treatment with
either medication alone. The results of the current study revealed that
the combined Nicotine and Thymol at half doses caused a significant
reduction in the severity of the established RA more profound than full
doses of either medication alone. Also, it is essential that each phar-
macologic substance used for combination therapy shows a tolerable
safety margin, and doesn't promote additional toxicities when pre-
scribed in combination. In the current survey, no obvious adverse event

Fig. 1. Evaluation of clinical features in RA rats. RA rats received Nicotine and Thymol alone and in combination as detailed under Materials and Methods.
Combined of half doses of Nicotine and Thymol attenuated clinical features of RA vigorous than intervention with either medication alone at optimal doses. A)
arthritis index, B) paw swelling arthritis index and C) alteration of average mean paw swelling, average arthritis index and mean body weight. Findings were
presented as mean ± S.D. (*p < 0.05 versus PBS-treated RA rats; #p < 0.05 versus combined-treated RA rats; &p < 0.05 versus Thymol-treated RA rats). (Veh.,
Vehicle-treated RA group; Thy., Thymol-treated RA group; Nic., Nicotine-treated RA group; Com., Combination-treated RA group).
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was noticed in experimental groups. In this regard, the co-administra-
tion of Thymol and Nicotine improved weight-gaining in animals,
which suggests no toxic effects of the combination of the two com-
pounds. More importantly, the combination therapy with Nicotine and
Thymol did not show any synergistic or additive superiority in anti-
proliferation effect, and therefore immunosuppression effect compared
to using each of medications alone. Furthermore, combination therapy
caused a reduction in some hematological and biochemical RA para-
meters, such as CRP, MPO, IL-1, and IL-17 more impressive than each
treatment alone.

Of note, cigarettes boost autoimmune risk like RA, but not through
nicotine. It has been discovered that cholinergic anti-inflammatory
pathway via α7 nicotinic acetylcholine receptor activation plays an
essential, and interesting role to control the chronic inflammation like
RA or multiple sclerosis [14,25]. Similar to our results, the beneficial
effects of nicotine in ameliorating RA have been documented in some
previous studies [26,27]. Nevertheless, there is no/or limited in-
formation about the role of Thymol on RA. Our results demonstrated for
the first time that therapeutic treatment with Thymol could reduce the
signs of the animal model of RA.

Based on our data, Nicotine, Thymol and their combination insig-
nificantly cause a decrease in the levels of pro-inflammatory and in-
flammatory cytokines. Our results also showed that combination
therapy with Thymol and Nicotine reversed established RA more than
each medication alone, at least partly by suppressing pro-inflammatory

Fig. 2. Biochemical changes in the sera of RA
rats. The results indicated that combination therapy
with half doses of Nicotine and Thymol could sy-
nergistically reduce the levels of CRP (A) and mye-
loperoxidase activity (B) more profound than full
doses of each medication alone. Moreover, the
highest reduction in RF (C) and nitric oxide (D) le-
vels were recorded for the combination therapy and
Thymol treated groups. Data were reported as
mean ± S. D. (*p < 0.05 versus PBS-treated RA
rats; #p < 0.05 versus combined-treated RA rats;
&p < 0.05 versus Thymol-treated RA rats). (Veh.,
Vehicle-treated RA group; Thy., Thymol-treated RA
group; Nic., Nicotine-treated RA group; Com.,
Combination-treated RA group).

Fig. 3. Effect of treatment regimens on the production
of inflammatory cytokines in the splenocyte popula-
tion. The most profound decrease in IL-1 and IL-17 level
was recorded in the group receiving the combination
therapy. Albite, combination therapy didn't have any sy-
nergy in reducing TNF-α, IL-6 and IFN-γ compared to RA
tats treated individually. Furthermore, Thymol has been
able to decrease the levels of IL-1β and IL-6 more than
Nicotine. The values were presented as mean ± S.D.
(*p < 0.05 versus PBS-treated RA rats; #p < 0.05
versus combined-treated RA rats; &p < 0.05 versus
Thymol-treated RA rats). (Veh., Vehicle-treated RA
group; Thy., Thymol-treated RA group; Nic., Nicotine-
treated RA group; Com., Combination-treated RA group).

Fig. 4. Effect of medications on splenocyte proliferation index.
Proliferation index of splenocytes was checked by MTT assay as presented
under Materials and Methods. Combination therapy didn't show any synergy in
anti-proliferative and immunosuppressive effect. Results were shown as
mean ± S.D. (*p < 0.05 versus PBS-treated RA rats). (Veh., Vehicle-treated
RA group; Thy., Thymol-treated RA group; Nic., Nicotine-treated RA group;
Com., Combination-treated RA group).
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cytokines, including IL-17, and IL-1 more than monotherapy.IL-17, as a
key pro-inflammatory cytokine, plays an important role in the in-
flammation of RA. Since there is a relationship between the level of IL-
17, and RA activity, its level can be determined as a degree of disease
[6,28]. IFN-γ significantly expressed in inflammatory synovial mem-
brane in RA patients, and is involved in increasing other inflammatory
mediators such as IL-6, and TNF-α [29,30]. In close agreement with our
findings, Yu [31] proved that Nicotine decreases the levels of IL-17, and
IFN-γ. Similarly, it was registered a reduction in the levels of IL-17, and
IFN-γ due to Thymol administration [17]. It has been well registered
that there is a significant relationship between the level of Th17 cyto-
kine, as an upstream cytokine over IFN-γ, and the severity of joint in-
flammation in patients with RA [32]. Collectively, it seems that IL-
17 cells are more pathogenic than IFN-γ. In this regard, many common
drugs, and even new medications, such as Infliximab (anti-TNF-α an-
tibody), are not well suited to changing the level of IL-17 in patients
with rheumatoid arthritis [33]; therefore, reduction in the level of IL-17
in the combination therapy group has a potential benefit. Furthermore,
overproduction of TNF-α increases the expression of IL-1, and IL-6 cy-
tokines, stimulate collagenase, generate matrix-degrading enzymes and
facilitate the progress in arthritic erosions [34,35]. It has been ruled out
that thymol significantly reduces the expression of genes responsible for
pro-inflammatory cytokines such as TNF-α, IL-1β, and IL-6 [36,37]. In
the current survey, all treatment protocol caused a significant decrease
in the levels of TNF-α, IL-1β, and IL-6 in the sera samples of rats with
RA compared to the vehicle-treated RA rats. Albite, the combination
therapy caused the highest decrease in the level of IL-1β compared to
other monotherapy. The IL-1 inflammatory cytokine is considered as a
key intermediary in RA, as it increases the generation of matrix me-
talloproteinase in the synovial membrane [38], as well as the destruc-
tion of bone [39]. Also, IL-1 reduces the regeneration process via sup-
pressing matrix synthesis. IL-1 also induces several inflammatory genes
at both systemic and local levels. Therefore, the decline of the level of
IL-1 cytokine owns an essential role in reducing inflammation and
clinical symptoms [38].

The capability of both Nicotine and Thymol to decline lymphocyte
proliferation may limit the number of potentially pathologic T cells.
According to these results, Kalra et al. found that Nicotine in the la-
boratory could reduce the proliferation of lymphocytes in human [40].
Meeran et al. also revealed that Thymol reduces the proliferation of
lymphocytes in a dose-dependent manner [41]. Notably, our study in-
dicated that the combination therapy with Nicotine and Thymol did not
have any synergistic advantage in anti-proliferation effect and therefore
immunosuppression side effect compared with using each of agents
alone.

It is clear that the upregulated level of MPO activity is one of the
foremost diagnostic tools of oxidative and inflammatory stress bio-
markers in autoimmune diseases like RA [42]. NO-dependent nitrative
tissue injury has been shown in several rheumatic diseases, such as RA
[43].Nicotine has also been reported to inhibit the activation of neu-
trophils, and infiltrate into the region of inflammation, resulting in the
lower activity of the MPO enzyme in an animal model of colitis [44]. A
former documents showed that nicotine markedly could inhibit LPS-
induced mRNA expression of inducible nitric oxide synthase in rat in-
testinal mesothelial cells [45]. Thymol was also recognized that de-
clines activity of MPO enzyme and nitric oxide in acetic acid-induced
colitis [12,46]. Our results showed that combination therapy with a half
dose of Nicotine and Thymol could reduce the blood levels of MPO
more pronounced than each medication at full doses. Furthermore,
Thymol and combination therapy could regress the level of NO more
impressive that treatment with nicotine. However, the level of NO did
not show any significant differences between Thymol and combination
therapy groups.

CRP, an acute phase reactant, reflects different pathological pro-
cesses driven by the underlining chronic inflammation [47]. It has been
documented that the injection of CFA in rat model leads to a significant

elevation in the level of rheumatoid factor (RF) [10].Both factors are
important in terms of tracking RA [48], so reducing their level is a good
predictor. In the recent study, the highest reduction in RF was recorded
for the combination therapy and Thymol. Furthermore, the synergistic
effect of Nicotine and Thymol was observed against CRP. In agreement
with our results, it has been showed that thymol [36], and Nicotine
[49]reduces the level of inflammatory biomarkers such as CRP.

5. Conclusion

Our investigation demonstrated for the first time that therapeutic
treatment with Thymol could reduce the signs of the animal model of
RA. Moreover, combination therapy with a half dose of Nicotine and
Thymol led to an improvement in clinical and laboratory indices of RA
more profound than treatment with each medication alone. Therefore,
co-administration of these substances can be considered as a potential
approach to control RA. However, further exploration is required to
identify the exact mechanism of action and to identify the synergistic
role of Nicotine and Thymol components.
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