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Abstract: The objective of this experimental investigation was to examine the efficacy of eugenol. Against arthritis
induced by complete Freund's Adjuvants (CFA) injected subcutaneously into the hind paw of the experimental rat model.
Macroscopic clinical indication of Polyarthritis shows first erythema and edema in the hind paws of rat. Groups of this
experiment were divided as follows, first groups was positive control while second and third groups received daily
treatment with eugenol and dexamethasone orally via intragastric tube at doses (10 mg/ and 1mg/ Kg) respectively for 7
days. The initiation of treatment occurred on the day 7 from the day of induction of arthritis and continued up to day 14, at
which point the rats were each sacrificed. The left and right paw volume variations were all measured on different days up
to 14 days and afterl4 days, Tumor necrosis factor-a, Interleukin -10, and histopathological change were measured.
Significant reduction (P<0.05) in the development of edema in the hind paw was observed in the group treated with eugenol
compared to dexamethasone and positive control groups. The histological examination revealed that the groups treated
with eugenol had a normal articular cartilage and joint cavity, in contrast to the other group. Furthermore, eugenol
maintained normal levels of the cytokine markers as inflammatory indicators, with significant difference from control
groups. consequently, the results of the current investigation indicate that eugenol can be used as anti-inflammatory
treatments and can be used as a beneficial adjuvant in the treatment of human arthritis.
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INTRODUCTION

Rheumatoid arthritis, also referred to as (RA) is a persistent inflammatory condition that causes the deterioration
of bone and cartilage caused by excessive growth of synovial tissue and the invasion of the inflammatory cells [1]. This
inflammatory disease affects around 0.5-1% of the global population, with a reported frequency of 0.75% in India [2]. The
exact cause of RA is still unclear, however it is thought that a mix of hereditary and environmental factors are significant
contributors [3]. Pro-inflammatory cytokines are essential in the development of rheumatoid arthritis (RA) [4, 5]. Tumor
necrosis factor-o, (TNF- o), interleukin IL-6 and interleukin 1-p (IL-1p), are important pro-inflammatory cytokines that are
known to contribute significantly to the inflammation seen in individuals with rheumatoid arthritis (RA). Prior studies have
documented the presence of oxidative stress in individuals with rheumatoid arthritis (RA), which can result from either
excessive generation of free radicals or a compromised anti-oxidant defense mechanism [3]. The treatment approach for
RA entails the administration of non-steroidal anti-inflammatory medicines (NSAIDs) and the disease modifying
antirheumatic drugs (DMARDSs). These medications offer symptomatic relief and also affect the progression of the illness.
Additionally, the use of immunosuppressants can lead to cardiovascular problems, gastrointestinal ulcers, and the
development of opportunistic infections [6]. Several natural substances, have gained significant interest in recent decades
due to their proven safety and effectiveness. A novel therapy approach utilizing natural compounds has been developed
due to the adverse effects and limited effectiveness of existing the anti-inflammatory and immunosuppressive medications
for rheumatoid arthritis [3].
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Eugenol, specifically 4-allyl-2-methoxyphenol, is the primary constituent found in the essential oil of several
aromatic plants, such as clove (Zyzygium aromaticum). It is recognized for its analgesic, antioxidant and neuroprotective
effects, among other beneficial qualities [7, 8]. Furthermore, eugenol and similar substances demonstrate anti-inflammatory
properties, such as the prevention of lipopolysaccharide (LPS)-induced activation of nuclear factor-kappa B (NF-xB),
release of cytokines, and production of cyclooxygenase-2 (COX-2) by macrophages in the vitro environment [9] and
suppression of the 5-lipoxygenase expression in the polymorphonuclear cells [10]. Although eugenol has been shown to
have anti-inflammatory properties, there is just few documented instance of it demonstrating antirheumatic effects in the
model of inflammatory arthritis [11]. The present investigation assessed the impact of eugenol in Freund's complete
adjuvant induced arthritis (CIA) in rat model compared with dexamethasone as alternative antiinflamatory medicine.

MATERIAL AND METHODS
Freund's complete adjuvant was procured from (Santa cruz biotechnology/USA). Eugenol (99%) was purchased
from (Sigma, USA). All other substances utilized in this investigation were of analytical quality.

Animals: This study was conducted on Eighteen male rats with 200-250 g BW, were gotten from the animal house of
veterinary Medicine/ Department of Pharmacology, University of Baghdad /Irag. Every rat was provided with unrestricted
access to water and a regular rodent feed.

Experimental Design

Animals were randomly divided into three groups of six animals each. Arthritis was generated by injecting 0.1ml
of the complete Freund's adjuvant(CFA) intradermally into the planter area of the right hind-paw on day 0 (12,13). Rats
were given a booster injection on day 4 and then were observed on each day to detect any indications of arthritis. Group
A, which serve as normal controls rats were received distill water only (2ml/ Kg B.W./ day). Group B, rats receive eugenol
(orally via intragastric tube)(10 mg/ Kg B.W./ day) for 14 days. Group C, rats receive Dexamethasone orally (1mg/Kg.
B.W./ day) for 14 days. The treatment started on day 7 and persisted until day 14, at which point the rats were euthanized.
The dosage of eugenol was determined based on our early research and in vivo experiments that have shown its anti-
inflammatory properties [14-18].

Parameters
1. The changes in paw volume will be observed on many days, up to 14 days after the injection of Freund's adjuvant.
2. Measuring Tumor necrosis factor (TNF-o)) and Interleukin (IL)-10 following Freund's adjuvant injection before
treatment and at 14 days after treatment.
3. Histopathological Examination of joint after 7 days following Freund's adjuvant injection before treatment and at
day 14 after treatment.

Measurement of Hind Paw Volumes

The volumes of the right hind-paw of rats were put according to the volume displacement by use of the vernier
caliper. Once before the injection of the complete Freund's adjuvant (CFA). The average volume (Vo) of the right hind-
paw of each rat was computed from 5 readings and it was obtained after injection of complete Freund's adjuvant readings
(\t) for each rat. Edema was incrementally expressed in the volume of paw (19). Measuring the changes of paw volume
had done on different days (7 days after induction and at 14 days after treatment). On the day 14, rats will be anesthetized
with diethyl ether and to assure the induction of arthritis, it is necessary to remove edematous tissue from the injected hind-
paw.

Histopathological Studies

Rats have been euthanized and joint tissue biopsies have been taken. The tissues were washed with PBS and fixed
in 10% neutral buffered formalin and covered with gauze. After fixation, samples will be dehydrated using ethyl alcohol
at various concentrations (70, 80, 90, and 100% twice each) for two hours before being cleaned with xylene for half an
hour. Blocks of paraffin are produced by infiltrating samples with paraffin wax at 58-60 CO and then embedding them in
fresh paraffin wax. Using a rotary microtome, 5-6 um thick sections were cut, stained with hematoxylin and eosin, and
examined under a light microscope [20].

Blood Collection

Blood samples (2 ml) were collected from eye by optic vein puncture technique without anticoagulant test tube
which was centrifuged at 3000 rpm (10 minutes), then the serum were gathered in 2 ml eppendrof tubes which was labeled
for date and time of blood drawing and freezing at -8 CO till use.

Measurement of IL10 and TNF-a Concentration in rat serum: ELISA assay was achieved according to the method
described by the manufacturing company (Cloudy-Clone /USA).
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Statistical-Analysis

The SAS (2018) software was utilized to identify the impact of various factors on research parameters using
statistical analysis. The study utilized the least significant difference (LSD) test, which is a method of analysis of variation
(ANOVA-1), to compare means and determine significant differences.

RESULTS

This study demonstrates the effectiveness of the treatment with eugenol in reducing arthritis symptoms in
experimental rats models. After injection of Complete Freund's adjuvant entire hind paw, extending to the ankle, causing
swells progressively and erythema, which peaked on the day 7. It was evident that paw edema in control (not treated)
inflamed paw was increased while eugenol and dexamethasone treated groups were significantly suppressed the
development of the joint-swelling caused by Freund's adjuvant injection after 7 days of starting treatment in the paw edema
induced by complete freund's adjuvant (FCA) (Figure 1).

Freund’s complete adjuvant-induced swelling was entirely inhibited with no further development seen in treated
groups. The medication therapy administered for a duration of 7 days, starting from day 7 after the adjuvant injection,
effectively inhibited the subsequent rise in edema of the injected ankle that associated with the onset of arthritis. The results
in the Table (1) shown the inhibition of swelling formation with eugenol and dexamethasone treated groups during 14 days.
In addition, the inhibition of swelling were significantly different (P<0.05) during the 14 days.

mm/inch

Figure 1: Hind paw oedema induced by Freund's Adjuvants in rats: Measurement paw oedema in A: Positive
control-after 7 days, B: Treat with Eugenol after 14 days, C: Treat with Dexamethasone after 14 days
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Table 1: The thickness of inflammation in the injected foot corresponds to the rise in paw edema observed in
arthritic rats 14 days after arthritis induction treated with Eugenol, Dexamethasone compared to the positive
control group

Groups Zero Day 7 Day 14

Positive Control 3.54+0.12 | 5.64+0.19 | 8.40+0.08
A c |A b A a

Treat with eugenol 3.50+£0.11 | 3.11+0.16 | 2.93+0.08

A a | B b C c
Treat with dexamethason | 3.63+£0.07 | 3.08+0.05 | 2.78 +0.07
A a B b | B C
LSD 0.02

Different capital letters in same column and small letters in same row denote to the significant difference at P<0.05

Complete Freud’s adjuvant (CFA) induced arthritis in male Wistar albino rats as evidenced by the presence of
increased levels of the inflammatory cytokines in the serum of the injected rats. The serum levels of interleukin-10 were
quantified in picograms per milliliter for each group and are presented in a Table (2). Prior to induction, there were no
significant distinctions (P > 0.05) among the various groups. However, on day 14 following treatment with eugenol, 1L-10
concentrations in the serum experienced a significant increase (P<0.05) compared to the other groups. Furthermore, the
groups that were received dexamethasone exhibited an normal level of IL-10 after 14 days, although it remained
significantly higher than the positive control group, which showed no improvement in serum levels of the anti-
inflammatory cytokine 1L-10.

Table 2: The effectiveness of eugenol, dexamethasone on the serum level of IL-10 after day 14 of injecting rats
with Freund's adjuvant compared with positive control group

Groups IL- 10 (Pg/ml)
Before Induction on day 0 | After day 14
Positive Control group 110.54 £2.15 50.8245.37
A a C b
Treat with eugenol group 109.92+2.18 130.98 £6.21
A b A a
Treat with dexametha one group | 101.42+3.12 107.29+6.24
A a B a
LSD value 3.13

Different capital letters in same column and small letters in same row denote to the significant difference at P<0.05

The levels of serum TNF-a in each group at day fourteen after injecting rats with Freund's adjuvant are shown in
Table (3), According to the study's findings, TNF-a in the treated group was not statistically significant (P>0.05) when
compared to the level before induction, while TNF-a concentrations in the positive control groups were considerably higher
(P<0.05) when compared to its level before induction.

Table 3: The effectiveness of eugenol, dexamethasone on the serum level of TNF-a after day 14 of injecting rats
with Freund's adjuvant compared with positive control group

Groups TNF-a (Pg/ml)
Before induction on day 0 | After day 14
Positive Control group 318.54+2.89 509.70+6.38
A a A b
Treat with eugenol group 320.87+4.88 350.54+2.98
A a B a
Treat with dexamethasone group | 321.0 £3.33 377.26 £3.90
A a C a
LSD value 1.84

Different capital letters in same column and small letters in same row denote to the significant difference at P<0.05

Microscopically Changes

The histopathological section of knee joint in control group after14 days of rheumatoid arthritis induction showed
intense inflammation of the joints which characterized by thickening of joint capsule associated with congestion and
infiltration of specific type of white blood cells (MNCs) and necrosis of collagen fibers (Figure 2).
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Figure 2: Joint section (after induction of arthritis on day 7) shows: of thickening of joint capsule (Asterisk) also
showed congestion accompanying with infiltration of MNCs (Black arrow) & necrosis of collagen fibers (Red
arrows). H&E stain. 100x

Figure 3: Joint section (control 0|t|ve after induction without reatment on ay14 shows: focal granulomatous lesion
within joint capsule (Asterisk), edema (Black arrow) & infiltration of MNCs (Black arrow). H&E stain. 100x.

o e

" 4
Figure 4: Joint section (treated with eugenol on day14 after induction of arthritis) shows: normal joint cavity
(asterisk), normal articular cartilage (Black arrows), and normal joint capsule (Red arrow). H&E stain. 40x
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Figure 5: Joint section (treated with dexamethasone on day 14 after induction of arthritis) shows: normal joint cavity
(Asterisk), normal articular cartilage (Black arrows) & inner synovial membrane (Red arrow). H&E stain. 100x

The histological examination of the knee joint in the groups treated with eugenol and dexamethasone after 14 days
of arthritis induction revealed that joint cavity seems normal, with intact articular cartilage and a healthy synovial
membrane. However, the outer fibrous capsule shows slight thickening due to infiltration of mononuclear leukocytes
(MNCs), angiogenesis and fibroplasia (Figure 4 & 5) compared to the control group of the trial that did not receive any
treatment for 14 days, which showed severed arthritis that characterized by focal granulomatous lesion within joint capsule,
edema infiltration of MNCs (Figure 2 & 3).

DiscussiON

Many studies have demonstrated that eugenol, a component found in plant essential oils, possesses anti-
inflammatory, antioxidant, DNA-protective, antibacterial and analgesic activities [7, 8]. Previous investigation suggests
that Syzygium aromaticum, which contains eugenol as its primary component, exhibits an immunomodulatory impact [21].
The objective of this study was to investigate the potential impact of eugenol on an existing arthritic condition in male rats.
Experimental models have provided limited progress in understanding the causes of human autoimmune disorders.
However, they do present a chance to explore novel treatment approaches for enhancing joint inflammation. The use of
adjuvant-induced arthritis in rats has been authorized as an experimental model for investigating the development of
rheumatoid arthritis (RA) [22, 23].

This study examined the impact of eugenol on the levels oflL-10 and TNF-a in the affected joints, considering
that cytokines have a role in both cell-to-cell communication and the tissue destruction that seen in rheumatoid arthritis
[24]. The prevalence that pro-inflammatory cytokines over the anti-inflammatory cytokines has also been documented in
humans with rheumatoid arthritis (RA) and animals with arthritis, as a result of an imbalance between the cytokines released
by Th1l and Th2 cells [25-27]. These pro-inflammatory cytokines are also produced by macrophages and the synovial lining
cells. TNF- a is regarded as the primary cytokine that enhances the production of reactive oxygen species and induces
cartilage degradation in animal models with arthritis and in individuals with rheumatoid arthritis [28-30], since this
cytokine is involved in bone resorption and cartilage remodeling by promoting the development of osteoclast cells and
inhibiting collagen production. On the other hand IL-10 is the primary immunoregulatory cytokine which is released by T
cells. It suppresses the synthesis of chemokines, pro-inflammatory cytokines, and matrix proteases in the macrophages.

In the present study, eugenol reduced the increasing productions of TNF-a, levels in the adjuvant-induced arthritis
in male rats. Thus, we propose that eugenol may have potential in the therapeutic management of autoimmune rheumatoid
arthritis and this agree with the study of [11, 2]. The anti-inflammatory properties of eugenol were observed as a result of
its capacity to prevent the release of pro-inflammatory cytokines and promote the release of anti-inflammatory IL-10,
consequently managing the balance between Th1 and Th2 responses. The histopathological study also verified that eugenol
effectively improved inflammation and reduced bone degradation. Therefore, eugenol may preserve bone and cartilage by
suppressing the synthesis of pro-inflammatory cytokines.
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Prior research has further demonstrated the immunomodulatory, anti-inflammatory and analgesic properties of
eugenol in treated inflammatory conditions in animal models [31, 16, 32, 33]. Eugenol acts as an anti-inflammatory agent
by suppressing the formation of prostaglandins and the neutrophil chemotaxis. Moreover, scientific evidence has
demonstrated that phenolic antioxidants have the ability to impede the activation of cyclooxygenase (COX)-2 in
lipopolysaccharide (LPS) activated macrophages. This, in turn, can diminish the abundance of inflammatory cells and
therefore decrease the thickness of skin folds [34].

Many studies have shown that eugenol can control the functions of macrophages that negatively regulate
inflammation since they are immune cells that involved in the secretion of mediators (like nitric oxide and pro-
inflammatory cytokines), which considered crucial to vascular and cellular events throughout the progression of the
inflammatory process [35]. On the other hand, eugenol functions as a natural medication because it contains a number of
essential vitamins and minerals that enabling it enhances blood circulation, so assuring a greater supply of nutrients and
oxygen to the affected region [36].

Overall, the findings of this study provide further insight into the previously reported advantageous anti-
inflammatory properties of eugenol. These results indicate that eugenol might potentially serve as an alternate or
supplementary therapy for chronic inflammatory conditions like rheumatoid arthritis.

CONCLUSION

The present study observed that eugenol effectively reduced the level of severity of arthritis in rats, as evidenced
by the reduction in hind paw swelling and a decrease in inflammatory markers such as IL10 and TNF-o. Subsequent
research might investigate the preventative and properties of eugenol in relation to rheumatoid arthritis. We believe that
our findings will make a valuable contribution to the therapeutic applications in the management and treatment of
rheumatoid arthritis. However, further research is necessary to have a comprehensive understanding of the mechanism by
which eugenol operates.
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