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 This study aimed to investigate the possible curative effects of clove and 

ginger oils as an anti- arthritic, anti-inflammatory, and antioxidant on 

rheumatoid arthritis in rats through reducing the nuclear factor-κB 

expression. Arthritis will be induced by injecting rats subcutaneously with 

0.1 ml Complete Freund’s adjuvant (CFA) into the footpad of the left hind 

paw. Clove and ginger oils were administered orally at a dose of 250 

mg/kg/day and the anti-inflammatory drug (Indomethacin) at a dose of 3 

mg/kg/day orally. Rats were divided into 5 groups: G1: Healthy rats, G2: 

untreated arthritis rats, G3: Drug treated arthritis rats, G4: Clove oil-treated 

arthritis rats, G5: Ginger oil-treated arthritis rats. The results of the study 

show that administration of clove and ginger oils (250 mg/kg/day) for 28 

days markedly exhibited an anti-arthritic activity by reducing the arthritis 

scores, inhibiting the expression levels of TNF-α, IL-1β, IL-6, TGF-β and 

PGE-2, and increasing the expression of IL-10, when compared with the 

untreated CFA- group. The study concluded that clove and ginger oils are 

multi-protective agents protecting humans against oxidative stress and 

reducing inflammation in rheumatoid arthritis after CFA injection. 

However, the results revealed that ginger oil is most effective in the 

treatment of rheumatoid arthritis followed by clove. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Arthritis (from the Greek "artho" meaning "joint" and "itis" meaning "inflammation") is a set of diseases that 

affect the joints. Damage to the joints occurs because of these disorders, resulting in pain and stiffness. 

Arthritis can affect nearly every joint in the body and affect many distinct components of the joint [1].  

Rheumatoid arthritis (RA) is a type of autoimmune disease in which the immune system attacks healthy 

bodily tissue. Antibodies are produced by the immune system to help fight illness by attacking bacteria and 

viruses. In the case of RA, the immune system delivers antibodies to the joint lining, where they target the 

surrounding tissue. The thin layer of cells surrounding joints (synovium) becomes inflammatory and painful, 
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producing chemicals that harm neighboring bones, cartilage, tendons, and ligaments. If the problem is not 

treated, the joint's form and alignment will deteriorate. It has the potential to utterly damage the joint in the 

long run [2]. Arthritis affects people of all ages, genders, and ethnicities, and it is the greatest cause of 

disability in Africa, with over 103 million adults and 300,000 children suffering from it. It is most common 

in women and becomes more common as people age [3]. 

 

Activated nuclear factor- κB (NF-κB) has been found in human synovial tissue at the early stages of joint 

inflammation as well as in late-stage disease specimens. In RA, NF-κB regulates the expression of the 

cytokines IL-1 and TNF-, which are important mediators of inflammation. Furthermore, NF-κB activation is 

required for the stimulation of cyclooxygenase-2, which catalyzes the production of pro-inflammatory 

prostaglandins [4]. 

 

In the field of medicine, traditional and folklore medicines play a significant role. According to the World 

Health Organization (WHO), traditional medicine is used by 80% of the population in developed nations for 

primary healthcare. Despite significant advances in therapies employing expensive synthetic pharmaceuticals, 

the demand for herbal and other complementary therapies is increasing, owing to their effectiveness, low cost, 

and clinical experience with few side effects [5]. 

 

Clove (Zyzygium aromaticum L.), a member of the Myrtaceae family, is used topically for a number of health 

issues. It has a variety of therapeutic properties, and traditional medicine uses it both systemically and locally. 

It's a well-known food flavor and a well-known cure for dental problems, respiratory problems, headaches, 

and sore throats [3]. Clove oil is thought to have antioxidant, analgesic, and neuroprotective effects. It also 

has antiulcer properties due to its capacity to increase mucus production, which is an important 

gastroprotective component [6]. 

 

Ginger (Zingiber officinale L.) is a Zingiberaceae flowering plant whose rhizome, also known as ginger root 

or just ginger, is widely used as a spice [7]. Ginger oil has been demonstrated to have a variety of intriguing 

pharmacological properties, including antioxidant activity, anticancer activity, cytotoxic action, and 

angiogenesis inhibition. It keeps platelets from clumping together. Antihyperglycemic, antilipidemic, and 

antiemetic effects are also reported in ginger oil [8]. 

 

We aimed to investigate the regulatory effects of clove oil versus ginger oil against RA and the biochemical 

pathways that lead to this pathologic condition in rats. 

 

2. Material and methods 

 

2.1 Determination of the bioactive components derived from ginger and clove oils 

Including total flavonoid content [9], total phenolic content [10], and the free radical scavenging effect of oils 

using 2, 2'-diphenyl-2-picrylhydrazyl (DPPH) radical [11]. 

 

2.2 Experimental design 

The experimental animals used throughout this study were fifty adult male albino rats weighing 180-200g. 

Prior 7 days to the start of the experiment, rats were maintained in the animal room of the Department of 

Biochemistry and Nutrition on a standard commercial pellet diet and tap water ad libitum and kept 

individually in stainless steel cages in constant environmental conditions. Animals were randomly divided 

into five groups (10 rats /group): 

G1: healthy control, 
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G2: untreated arthritic rats, 

G3: CFA+ indomethacin (3 mg/kg body weight/day), G4: CFA+ clove oil (250 mg/kg body weight/day) G5: 

CFA+ ginger oil (250 mg/kg body weight/day) 

To induce RA, 0.1 ml Complete Freund’s adjuvant (CFA) (1 mg/ml of heat-inactivated Mycobacterium 

tuberculosis in 85% paraffin oil and 15% mannide monooleate; Sigma) was injected subcutaneously into the 

footpad of the left hind paw on day zero [12]. Lesions were developed by the 7th day, which was characterized 

by erythema and swelling of the left hind paw of the injected group as compared with the non-injected group 

(control). On day 7 rats were received the different treatments till the 28th day of the experiment. 

 

2.3 Assessment of arthritis 

The progression of CFA-induced arthritis was evaluated on days 0, 7, 14, 21, and 28 through the measurement 

of the arthritic score. Values for arthritis score, which were measured on day zero, were used as a baseline 

[13]. 

 

2.4 Assessment of Real-time Quantitative Polymerase Chain Reaction (qRT-PCR) 

Extraction of total RNA from left hind paw tissue using total RNA Purification Kit was done following the 

manufacturer protocol (Thermo Scientific, Fermentas, #K0731). Nuclear factor-kappa B (NF-κB) gene 

expression was measured in four replicates with B-actin expression level was used as an internal reference. 

Data were normalized using the 2−ΔΔCt method [14]. The sequence of the designed primers was presented in 

Table (1). 

 

Table 1. Forward and reverse sequences of the primers used for NF-κB 

Gene Forward primer (/5 ------- /3) Reverse primer (/5 ------- /3) 

NF-κB CCTAGCTTTCTCTGAACTGCAAA GGGTCAGAGGCCAATAGAGA 

B-actin AAGTCCCTCACCCTCCCAAAAG AAGCAATGCTGTCACCTTCCC 

 

2.5 Biochemical Assays 

• Inflammatory biomarkers in serum include interleukin 1β (IL-1β) [15], interleukin-6 (IL-6) [16], 

tumor necrosis factor-α (TNF-α) [17], transforming growth factor beta (TGF-β) [18] and anti- inflammatory 

biomarker includes interleukin 10 (IL-10) [19]. In addition, TNF-α [20], matrix metalloproteinase 3 (MMP-

3) [21] and prostaglandin E2 (PGE-2) [22] biomarkers were assessed in paw tissue. 

• Antioxidant and oxidative stress biomarkers in serum include reduced glutathione (GSH) content 

[23] and total antioxidant capacity (TAC) [24] as well as malondialdehyde concentration (MDA) [25] and 

nitric oxide (NO) [26]. 

 

2.6 Radiographic analysis of rat hind paw and ankle 

The animals were anesthetized on day 28 for radiographic analysis recorded on hind paws using a 

conventional X-ray machine performed at 55kV peak, 50mA and the exposure time was 5s [27]. 

 

2.7 Microscopic Examination 

After sacrification of animals, the hind limbs from each group were dissected, trimmed of skin and muscles, 

disarticulated at the level of ankle and fixed in 10% neutral-buffered formalin for 72 hours, and decalcified 

using 5% formic acid (diluted in water, for approximately 1 week). After the end of decalcification, the 

samples were dehydrated by passing through ascending concentrations of ethanol then cleared in xylene and 

embedded in paraffin wax. Sections of 5µm thickness were prepared by using rotary microtome (Leica RM 

2155) and stained with Haematoxylin and Eosin (H&E) then examined by light microscope (Olympus CX40, 

Japan) [28]. 
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3. Results 

 

3.1 Bioactive Components of Ginger and Clove Oils 

The total phenolic compounds, flavonoids, and DPPH activity in ginger and clove oils are presented in Table 

2. 

 

Table 2. Total bioactive components in clove and ginger oils 

Oil Total phenols 

(µg GAE/ml oil) 

Total flavonoids 

(µg QE/ml oil) 

DPPH 
(ug/ml) 

Clove oil 1.116 0.587 38.34 

Ginger oil 2.145 1.245 75.12 

Total phenols μg as gallic acid equivalent (GAE), flavonoids μg as quercetin equivalent (QE) 

 

3.2 Effect of Clove and Ginger Oils on Arthritis Index 

The results in Table 3 showed that groups 2,3,4 and 5 had a marked rise in arthritis score as compared with 

that of G1 on the 7th day of immunization as shown in Fig. 1. On day 14, G3 and G5 portrayed clear decrease 

in arthritic score as compared to G2. On days 21 and 28, treatment groups 3,4 and 5 exhibited a significant 

decline in arthritic score, when compared to G2 with the best effect was observed in ginger oil treated group 

(P<0.05) (Fig. 2). 

 

Table 3. Oral effects of tested treatment on arthritis index. 

Parameters 

 

Groups 
Day Zero Day 7 Day 14 Day 21 Day 28 

G1 0.0± 0.0 a 0.0± 0.0 b 0.0± 0.0 d 0.0± 0.0 d 0.0± 0.0 d 

G2 0.0± 0.00 a 3.3±0.67 a 3.6±0.52 a 3.6±0.52 a 3.7±0.48 a 

G3 0.0± 0.00 a 3.3±1.03 a 2.5±1.08 b 2.2±0.79 b 1.8±0.63 b 

G4 0.0± 0.00 a 3.2±0.85 a 2.5±0.71 b 2.2±0.79 b 1.9±0.57 b 

G5 0.0± 0.00 a 3.4±0.82 a 1.7±0.95 c 1.5±0.71 c 1.1±0.32 c 

LSD 0.0 0.688 0.678 0.571 0.414 

* There was no significant difference between means having the same letter in the same column 

(P<0.05). 

 

 

 
G1: Control 

 

 
G2: CFA 

https://www.teikyomedicaljournal.com/


  ISSN: 03875547 

Volume 45, Issue 02, April, 2022 

  

5457 
 

 

 
G3: CFA + indomethacin 

 

 
G4: CFA + Clove oil 

 

 
G5: CFA + Ginger oil 

Fig. 1. Arthritis score on Day 7 

 

 

 
G1: Control 

 

 
G2: CFA 

 

 
G3: CFA + indomethacin 

 

 
G4: CFA + Clove oil 
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G5: CFA + Ginger oil 

Fig. 2. Arthritis score on Day 28 

 

3.3 Effect of Clove and Ginger Oils on Gene Expression of Nuclear Factor-κB (NF-κB) 

Regarding NF-κB gene expression, Table (4) illustrated that CFA in G2 caused a marked increase in NF-κB 

gene expression by 588% as compared to healthy control G1. The treatment of CFA-induced RA rats in 

groups 3, 4 and 5 caused a significant fall in NF-κB gene expression by 57%, 37% and 74%, respectively in 

comparison with G2 (P<0.05). 

 

Table 4. Oral effects of tested treatment on NF-κB gene expression 

Groups Relative gene expression of NF-κB 

G1 1.00 ±0.08 e 

G2 6.88 ±0.35 a 

G3 2.95 ±0.18 c 

G4 4.32 ±0.27 b 

G5 1.78 ±0.12 d 

LSD 0.63 

* There was no significant difference between means having the same letter in the same column 

(P<0.05). 

 

3.4 Effect of Clove and Ginger Oils on Inflammatory Biomarkers 

Our results in tables 5,6 confirmed that alteration that correlated with RA was also accompanied by 

inflammation. The level of proinflammatory cytokines in serum; IL-1β, IL-6, TNF-α, TGF-β were increased 

in CFA untreated group by 113.8%, 254.7%, 194% and 130.2%, respectively, whereas IL-10 concentration 

was markedly reduced as compared to healthy group (P<0.05). While treatment with clove and ginger oils 

reversed all the above biomarkers. In addition, the assessment of synovial tissue levels of TNF-α, MMP-3 

and PGE-2 in various experimental groups showed a significant increase (P<0.05) in CFA untreated rats when 

compared with control animals. However, clove and ginger oils treated groups showed diminished in these 

inflammatory biomarkers compared with untreated CFA rats (P<0.05).. The overwhelming consensus of the 

superiority of ginger oil to the other treatments were soundly confirmed by its effects on these inflammatory 

biomarkers. 

 

Table 5. Oral effects of tested treatment on serum Inflammatory Biomarkers 

Parameters 

Groups 

IL-1β 

(pg/ml) 

IL-6 

(pg /ml) 

TNF-α 

(pg /ml) 

TGF-β 

(pg /ml) 

IL-10 

(pg \ml) 

G1 21.46±1.50 e 11.33±0.85 e 36.57±2.24 e 12.02±1.54 d 181.81± 6.95 a 

G2 45.89±1.46 a 40.19±2.16 a 107.59±9.53 a 27.67±1.97 a 68.33±6.60 d 
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G3 30.19±1.19 c 22.60±1.38 c 71.26±4.39 c 16.37±0.90 c 127.27±6.74 b 

G4 35.60±1.16 b 27.60±1.34 b 89.85±5.61 b 20.22±1.41 b 101.00±8.27 c 

G5 24.14±1.25 d 15.53±1.08 d 51.59±3.13 d 15.34±0.95 c 130.92±4.88 b 

LSD 2.40 2.60 10.18 2.57 12.32 

* There was no significant difference between means having the same letter in the same column 

(P<0.05). 

 

Table 6. Oral effects of tested treatment on tissue Inflammatory Biomarkers 

Parameters 

Groups 

TNF-α 

(pg / g tissue) 

MMP-3 

(U /g tissue) 

PGE-2 

(pg / g tissue) 

G1 23.50±3.97 d 14.65±3.13 d 75.15±6.19 d 

G2 73.06±8.93 a 60.49±3.77 a 161.08±14.14 a 

G3 43.98±4.81 bc 26.31±2.08 c 109.68±5.92 c 

G4 51.16±4.35 b 49.53±2.64 b 128.49±10.86 b 

G5 34.12±4.84 c 26.57±3.64 c 93.41±3.67 c 

LSD 10.32 5.67 16.36 

* There was no significant difference between means having the same letter in the same column 

(P<0.05). 

 

3.5 Effect of Clove and Ginger Oils on Antioxidant and Oxidative Stress Biomarkers 

Antioxidant status was evaluated in the present study by determination of GSH and TAC contents in serum 

and is presented in Table (7) CFA untreated group showed a statistically significant (P<0.05) decreased level 

of serum GSH and TAC by 64% and 50%, respectively whereas increase in oxidative stress status presented 

by increased serum MDA as lipid peroxidation biomarker and NO by 281% and 114%, respectively when 

compared with the healthy group. Concisely, the results indicated increased antioxidant status and reduced 

oxidative stress status with consumption of oral doses of clove and ginger oils by abolishing the accumulation 

of serum MDA and NO, accompanied by restoration in the serum antioxidants GSH and TAC as compared 

with their corresponding untreated group. Remarkably, the greatest increment in serum antioxidants was 

found in rats consumed ginger oil followed by the group that was given indomethacin then treatment with 

clove oil (P<0.05). 

 

Table 7. Oral effects of tested treatment on serum antioxidant and oxidative stress biomarkers 

Parameters 

 
Groups 

NO 

(µmol/L) 

MDA 

(nmol/ml) 

GSH 

(mmol/L) 

TAC 

(mmol\L) 

G1 37.65±3.03 d 6.06±0.93 e 17.63±0.47 a 1.66±0.10 a 

G2 80.75±6.91 a 23.09±0.30 a 6.28±0.28 e 0.83±0.13 d 
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G3 61.21±3.11 b 11.52±0.48 c 12.27±0.61 c 1.28±0.06 b 

G4 66.38±2.28 b 14.53±0.19 b 9.76±0.78 d 1.10±0.05 c 

G5 50.29±3.03 c 9.81±0.27 d 14.29±0.53 b 1.43±0.06 b 

LSD 7.32 0.93 1.01 0.15 

* There was no significant difference between means having the same letter in the same column 

(P<0.05). 

 

3.6 Effect of Clove and Ginger Oils on Radiographic Assessment 

The effects of clove and ginger oils on CFA-treated rats were assessed by X-ray radiograph. In the CFA 

control group, soft tissue swelling along with the reduction of the joint spaces were observed, which implies 

the subchondral erosion in arthritic conditions (Fig. 3B). The standard drug indomethacin (3 mg/kg), clove 

and ginger oils treated groups at 250 mg/kg body weight have revealed a reduction in narrowing of joints 

with an improved radiographic pattern. 

 

 

 
(A)G1: Healthy control 

 

 
(B)G2: Untreated CFA 

 

 
(C)G3: CFA+Indomethacin 

 

 

(D)G4: CFA+clove oil 
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(E)G5 CFA+ginger oil 

Fig. 3. Radiographic assessment of rats’ hind paw in different experimental groups 

 

3.7 Effect of Clove and Ginger Oils on Microscopic Examination 

Figure 4 represents the changes observed in the ankle of the experimental groups. Microscopically, ankle 

joint of rats from control group (G1) revealed an intact articular surface of tibia, talus, and navicular bone 

bones along a thin and intact joint capsule in addition to the clear joint cavity. Meanwhile, ankle joint of CFA 

(G2) revealed histopathological alterations described as cracks in the articular cartilage and presence of 

cellular debris inside the joint cavity along with hyperplasia of the fibrous joint capsule and infiltration of 

inflammatory cells in the peri-articular tissue. Clove oil-treated group showed irregularities in articular 

cartilage surface, mild degeneration of chondrocytes, and infiltration of inflammatory cells in joint capsule 

along with cellular debris while there were slight changes in the examined sections of ankle joint from ginger 

oil group (G5) followed by indomethacin group (G3). 

 

 

 
A: G1: Healthy control 

 

 
B: G2: untreated CFA 

 

 
C: G3: CFA+Indomethacin 

 

 
D: G4: CFA+Clove oil 



Fathy, et.al, 2022                                                                                                           Teikyo Medical Journal 

 

5462 
 

 

 
E: G5: CFA+Ginger oil 

 (A): G1 showing integrated articular surface with consistent matrix staining and normal cellularity of articular 

cartilage (thin arrows) along with intact articular surface (thick arrows), marrow cavity (BM) and intact joint 
capsule (arrowhead). 

 (B): G2 showing cracks, erosion and hypocellularity of the articular cartilage (thin arrows) along with articular 

surface (thick arrows), cellular debris, infiltration of inflammatory cells inside the joint cavity (white arrowhead),  

hyperplasia of joint capsule (black arrowhead). 

 (C): G3 showing intact articular cartilage with presence of cellular debris inside the joint cavity (thin arrow), mild 
infiltration of inflammatory cells in joint capsule (arrowhead). 

 (D): G4 showing presence of cellular debris inside the joint cavity (thin arrow), moderate infiltration of 

inflammatory cells in joint capsule along with joint cavity (arrowhead). 

 (E): G5 showing presence of intact articular cartilage (thin arrow) with mild hyperplasia of joint capsule 

(arrowhead). 

H&E, X=100 

Fig. 4. Microscopic examination of rats’ hind paw tissue in different experimental groups 

 

4. Discussion 

Rheumatoid arthritis is a disease-causing inflammation of the joints which affects around 1% of the adult 

population worldwide in which inflammatory mediators include cytokines, prostaglandins, lysosomal and 

hydrolytic enzymes are released. The elevation of certain pro-inflammatory and inflammatory mediators 

including IL-6, and TNF-α, which, if not suppressed, will increase the infiltration of macrophages into the 

inflamed site with excessive production of auto-antibodies. Another important mechanism in the pathogenesis 

of RA is the increase in the production of free radicals by the activated macrophages and neutrophils [29]. 

CFA-induced RA in the rat paw is a widely used model to investigate the physiopathology of acute local 

inflammation, and to test the potential anti-inflammatory effect of new molecules. Since the present treatment 

by drugs available for rheumatoid arthritis have adverse side effects and is quite expensive, products derived 

from plants without such disadvantages provide new opportunities. Hence the present investigation outlines 

the anti-inflammatory and antioxidant activities of clove oil and ginger oil, as nutraceuticals, against 

experimental CFA-induced RA using biochemical, histopathological, and radiological assays. The results of 

the different approaches paralleled each other and confirmed the beneficial effect of clove oil and ginger oil 

on this public health problem. 

 

The results of [30] revealed that ethanol and aqueous extracts of clove at concentrations of 20, 40 and 60 

µg/ml showed inhibitions up to 95% when tested as scavenging of the DPPH radical. The powerful 

antioxidant activity of both extracts may be attributed to the strong hydrogen donating ability, metal chelating 

ability and scavenging of free radicals, hydrogen peroxide and superoxide. Ginger oil's yield is varying from 

1.0 to 3%, depending upon the source of rhizomes. [31] found that ginger oil scavenged free radicals 

effectively with 32.67 mg/ml using DPPH free radical scavenging assay and measurement of total phenolics 

provided a value of 26.59 mg GAE/g. 
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Research has proved that paw swelling and arthritic score are the two important parameters to identify the 

therapeutic effect against arthritis and the right treatment is one that reduces the paw swelling and arthritic 

score [32]. Our finding agrees with a recent study in which a profound elevation in arthritic score from day 

8th to 28th in CFA-induced arthritis was observed in arthritic control group during the study [33]. The 

reduction in the arthritic score following treatment indicates the anti-arthritic activity of clove and ginger oils. 

 

It is known that NF-κB is a major transcription factor that regulates the genes expression of pro-inflammatory 

mediators (IL-1β and TNF-α) which participate in the inflammatory response [34]. NF-κB is overexpressed 

in synovial biopsy specimens in RA in both humans and experimental animals [35]. In order to reduce 

inflammation, the major focus has been on inhibiting NF- κB activation thereby decreasing the production of 

pro-inflammatory mediators. Several natural products have been shown to ameliorate inflammatory response 

by inactivation of the NF- κB [36]. 

 

In the current investigation, the untreated CFA group showed significant upregulation in NF-κB gene 

expression, while consuming clove and ginger oils was effective at downregulation the expression of that 

inflammatory protein. The anti-inflammatory efficacy of clove and ginger oils has decreased the edema and 

prevented arthritis progression in CFA-induced arthritic rats. Therefore, the findings of the study propose that 

clove and ginger oils might prevent arthritis and may reduce inflammation and joints destruction in arthritis-

induced animals. Several research groups have described the effect of eugenol as an anti- inflammatory agent 

and its role on bone remodeling through the downregulation of the NF-κB signaling pathway, which suggests 

its use as a treatment in bone disorders [37], [38]. 

 

Activation of NF-κB pathway and stimulation of various immune cells including B cells, macrophages, 

neutrophils, and mast cells causing the release of many types of inflammatory cytokines namely, TNF-α and 

IL-1β which play a key role in the regulation of inflammation. However, these two cytokines are thought to 

act independently in acute arthritis models. TNF-α was highly activated in inflammatory cells. It regulates 

joints welling, whereas IL-1β plays a dominant role in inflammatory cell infiltration and cartilage destruction. 

TNF-α is expressed in the lining of the synovial membrane at the time of arthritis onset, whereas IL-1β is also 

detected but at a slightly later stage of the disease [39]. In addition, the activation of synovial fibroblasts by 

TNF-α leads to the production of CTGF (connective tissue growth factor) which promotes the hyperactivation 

of osteoclasts and thus the destruction of joints. TNF-α is also responsible for the formation of pannus 

(inflammatory vascular tissue formed over a joint surface of RA patients) by inducing the production of a 

variety of chemokines and endothelial cell activation [40]. 

 

In addition, elevated IL-6 level has been reported in the blood and synovial fluid of RA patients. It acts on 

neutrophils and releases proteolytic enzymes and reactive oxygen intermediates thus promoting inflammation 

and joint destruction [39]. TGF-β is a cytokine involved in numerous biological processes. Of the three 

isoforms of TGF–β that exist in mammals, TGF–β1 plays the most important role in the immune system, 

particularly in the control of proliferation, activation, and differentiation of T cells. It can act as a pro-

inflammatory factor in stimulating the secretion of cytokines such as TNF–α, acting as a potent 

chemoattractant for neutrophils, activating the expression of chemokines, MMP and inducing expression of 

vascular endothelial growth factor (VEGF), essential in the development of angiogenesis in RA [41]. All 

these cytokines trigger synovial fibroblasts to unleash matrix metalloproteinases such as MMP-3. The matrix 

metalloproteinases are the main cause of cartilage destruction as they can degrade all components of the 

extracellular matrix. Such effects also induce the eicosanoid prostaglandin E2 production by osteoblasts 

through increasing COX-2 expression resulting in differentiation of osteoclast precursors into mature 

osteoclasts causing bone erosions and production of RA complications in the articular tissues through their 
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interaction with leucocytes and other inflammatory cells [42]. Observations of this study reported that the 

concentrations of pro‑inflammatory cytokines and mediators TNF-α, IL-1β, IL‑6, MMP-3, PGE-2, and TGF– 

β were significantly upregulated in the adjuvant-induced arthritic model. The effect of CFA was evidently 

reversed after the administration of clove and ginger oils, indicating that clove and ginger oils may obtain its 

anti-arthritic effect by downregulating TNF-α, IL-1β, IL-6, MMP-3, PGE-2, and TGF–β leading to inhibition 

of inflammation which is facilitated by TNF-α and ROS levels reduction. 

 

IL-10 is an upstream regulator of the inflammatory cascade during RA. It is an anti-inflammatory and 

immunoregulatory cytokine that suppresses the formation of pro-inflammatory cytokines as well as it down- 

regulates the functioning of antigen-presenting cells. In addition, IL-10 functions as an inhibitor of osteoclast 

formation by suppressing IL-6 production in osteoclasts [42]. This research study explored that both oils 

could induce the anti-inflammatory cytokine to prevent the disease progression as obvious from the 

histopathology of the treated rats. 

 

It is well predictable fact that free radicals are involved in various pathological conditions like liver diseases, 

cancer, arthritis, and inflammation. The elevated oxygen free radicals during arthritis cause decreased levels 

of superoxide dismutase activity providing oxidative stress and cellular lysis. Lipid peroxidation results from 

oxidative damage of membrane lipids which forms malondialdehyde [43]. Production of reactive oxygen 

species (ROS) such as hydrogen peroxide, superoxide, and hydroxyl radicals at the site of inflammation 

contributes to tissue damage. Inhibitors of reactive nitrogen species (RNS) reduce the development of arthritis 

and these findings support a role for NO in the pathophysiology associated with this model of inflammation. 

In addition to NO, peroxynitrite is also generated in CFA-induced inflammation. We demonstrate here that 

CFA leads to a substantial increase in the degree of nitrosylation of proteins in the joint. In addition, RA 

increases the articular cavity pressure thereby exceeding the capillary perfusion pressure causing blood vessel 

collapse. This leads to repetitive hypoxic-reperfusion episodes generating ROS. Such ROS oxidize as follows: 

(i) immunoglobulin G, initiating rheumatoid factor generation; (ii) hyaluronic acid (a major constituent of the 

extracellular matrix), encouraging hyaluronic disintegration; (iii) lipids, producing toxic aldehydes, e.g. 

MDA. Indeed, ROS generation has been regarded as a mediator of tissue damage in RA in conjunction with 

proinflammatory cytokines [44]. Increased levels of MDA in G2 rats have altered cellular membrane structure 

and function which eventually leads to increased ROS production. The antioxidant property of clove and 

ginger oils has significantly decreased the NO and MDA levels which may be due to the anti-free radical 

activity of the oils which correlates with the previous studies [44], [45]. 

 

CFA-administered rats also displayed a marked decline in GSH and TAC which might be due to the 

accumulation of MDA that might have reduced the activity of catalase through inhibition of protein synthesis. 

Glutathione depletion results in drastic metabolic effects which leads to increased sensitivity in cells. Clove 

and ginger oils treatment significantly brought back the activities of antioxidants which proves the protective 

effect of clove and ginger oils as an antioxidant against arthritis. Therefore, this research shed a light on the 

antioxidant activity of clove and ginger oils as manifested by replenishing the key cellular non-enzymatic 

antioxidant GSH, besides decreasing the lipid peroxidation marker MDA and NO levels. 

 

Radiographic imaging plays a vital role in assessing the status of the disease and is a useful diagnostic tool, 

which can specify the severity of the disease [46]. In the present study, Reduction in the architecture of bone 

or bone resorption is the main change observed in the untreated CFA group. The radiographic pattern of the 

hind leg of CFA-induced arthritic rats had developed joint space narrowing along with soft tissue swelling 

representing cartilage destruction. Oral consumption of clove and ginger oils revealed a reduction in 

narrowing of joints with an improved radiographic pattern and the best result was seen upon ginger oil intake. 
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Microscopic section of arthritic untreated animals demonstrated synovial hyperplasia with inflammatory cells 

infiltration (Fig. 4B) in the synovial membrane causing cracks in the articular cartilage which are not observed 

in healthy control rats (Fig.4A). The present result tends to suggest that the inhibitory effect of clove and 

ginger oils on edema formation is probably due to the inhibition of the synthesis and/or release of the 

inflammatory mediators, especially cytokines. Therefore, consumption of clove and ginger oils reduced the 

cellular infiltration, edema formation, and inflammation in CFA-induced arthritic rats. The effect of ginger 

oil was discussed before as the degree of erosion was least and up to 25% for treatment with a formulation 

containing ginger oil and black pepper oil while highest in the arthritic control group [47]. 

 

5. Conclusion 

From the present study, our observations substantiate that clove and ginger oils were found to be valuable 

anti-inflammatory constituents that protect against arthritis induced with CFA, suggesting that these oils may 

be applied for the treatment of RA. Furthermore, this present study validated the promising anti-arthritic 

activity of clove and ginger oils which was assessed using molecular, biochemical, radiological, and 

histopathological methodologies. Also, these oils were found to reduce the arthritis scores of CFA-injected 

rats. In simple words, the findings of this research work demonstrate the bio-powerful effects of consuming 

clove and ginger oils for improving the quality of life towards chronic complex diseases such as RA. 
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