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1. Introduction
Rheumatoid arthritis (RA) is one of the most common 

immune-mediated diseases, typically manifests as syno-
vial joint pain, swelling and stiffness [1]. Cartilage and 
bone deterioration is a hallmark of RA, often leading to 
joint pain and physical weakness in affected patients [2]. 
The pathophysiology of RA involves a complex network 
of immune cells and cytokines, which contribute to carti-
lage and bone damage increasing the proliferation of syno-
viocytes. The pathogenesis of RA is mainly driven by cy-
tokines, primarily interleukin-6 and TNF-alpha. However, 
recent studies have shown that other cytokines, including 
interleukin-1, interleukin-17, and interleukin-23 also play 
a crucial role in RA pathogenesis [3].

Patients with RA are typically prescribed medications 
like painkillers, non-steroidal anti-inflammatory drugs 
(NSAIDs), and disease-modifying anti-rheumatic drugs 
(DMARDs), which help reduce inflammation, alleviate 
pain and prevent further disease progression, even though 
the effect of these drugs has not been quite satisfactory 
[4]. Several therapeutic strategies have been developed to 
reduce synovial joint inflammation in rheumatoid arthritis, 
based on an understanding of its underlying pathophysio-
logy [5]. Significant attention and research efforts have 

been directed toward biological drugs commonly known 
as biologics for treatment of RA [6]. These therapies in-
clude monoclonal antibodies or soluble receptors targeting 
IL-1, IL-6 and TNF alpha [7]. Although these drugs can 
reduce inflammation and joint destruction, their long-term 
benefits and risks remain unclear [8].

Herbal remedies have also been used for thousands of 
years as alternative treatments for various diseases inclu-
ding RA, due to their perceived safety and efficacy [9]. 
Thyme (Thymus vulgaris) is an aromatic plant native to 
the Mediterranean region [10] which has anti-inflamma-
tory properties and is commonly used in herbal medicinal 
products [11]. Thyme exhibits an excellent safety profile 
and is generally well-tolerated. It represents valuable po-
tential for a range of therapeutic, preventive, and commer-
cial applications [12]. Essential oil and Extracts derived 
from thyme are generally recognized as safe, with no toxi-
cological symptoms reported [13].

Thyme (Thymus vulgaris) is well documented for its 
anti-inflammatory properties primarily through its essen-
tial oil (TEO) and active compounds like thymol [14]. Stu-
dies have examined the effect of thyme in various diseases 
[15] including autoimmune diseases [16]. Although thyme 
has been reported as one of the most frequently used her-
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bal remedies among RA patients [17], the specific anti-
inflammatory effect of thyme extract in the context of RA 
has not been experimentally evaluated in either human 
clinical studies or animal models. This represents a clear 
gap in the literature regarding the use of extract thyme to 
deliver a broader range of bioactive compounds for eva-
luating anti-inflammatory effect in rheumatoid arthritis 
using animal model.

This study aimed to investigate and evaluate the anti-
inflammatory effect of alcoholic extract of thymus vulga-
ris in animal models of rheumatoid arthritis, to assess its 
potential in reducing inflammation.

2. Materials and methods
2.1. Chemicals and reagents

Table 1 lists all chemicals and reagents used throughout 
the experimental procedures, including plant extraction, 
animal treatment, and biochemical analyses.

2.2. Plant material: collection and extraction
2.2.1. Plant collection and identification

Fresh leaves of thyme (Thymus vulgaris) were collec-
ted between the 15th to 20th of May 2024 in Qirzha and 
Qarasinj in Swlawk resort in Kurdistan then spread on 
a clean surface mat and left for about seven to ten days 
to dry indoors, after they grounded into a fine powder 
by using electrical grinder. The plant has been identified 
by Dr. Ikbal Muhammad Gharib Tahir (Ph.D. degree in 
Pre- and Post-harvest Physiology), department of biology, 
Koya University.

2.2.2. Preparation of thyme extract
The dried leaves of thyme plant were finely powdered 

using an electrical grinder, 50 grams of the dried powder 
weighed on sensitive balance and subjected to alcoholic 
extraction with 400 ml of absolute ethanol (99%), (solvent 
to fed ratio (8:1)) and left for 48 hours in a parafilm-cove-
red flask. After 48 hours, the solution was filtered through 
Whatman No. 1 filter paper to remove particulate mat-
ter. The resulting filtrate was then concentrated and dried 
using a rotary vacuum evaporator (BUCHI Rotavapor RII, 
Daihan LabTech Co.), yielding a 4% extract. The thyme 
extract was administered to rats at a dose of 500 mg/kg 
body weight by incorporating it into the basal diet.

2.3. Animal model and arthritis induction
2.3.1. Experimental animals 

Fifteen healthy adult male albino rats (8 weeks old), 
weighing between (200-300) grams were obtained from 
Animal House of Cihan University- Erbil. Rats were fed 
ad libitum and housed at room temperature (25 0C) with 
12-hour light/dark cycle and acclimated for 7 days as they 
fed on basal diet for one week before the experiment. The 
basal diet given to rats composed of the following nu-
trients; yellow corn, soybean meal %46, feed wheat, wheat 

bran, mono-calcium, phosphate, table salt, limestone pow-
der, vitamins, minerals, and toxin binder. With the speci-
fication (protein %20, energy 3000 kcal/kg, fiber %3, ash 
%5). All animal procedures were ethically approved by the 
faculty of Science and Health-Koya University (006 bio) 
on 18/11/2024 

2.3.2. Arthritis induction in rats
To evaluate the therapeutic potential of thyme extract 

in arthritis, a Complete Freund’s Adjuvant-induced arthri-
tis model was used. Arthritis was induced by subcuta-
neously injecting 0.1 ml of CFA into the footpad of the 
left hind paw in both the RA and Thyme groups [18]. The 
CFA used contained heat-killed mycobacterium tubercu-
losis suspended in paraffin oil and mannide monooleate 
(Sigma-Germany), as a vehicle. In contrast, the control 
group received 0.1 ml of normal saline at the same site. 
The right hind paw served as non-injected control paw. A 
low concentration of CFA was used to minimize morbidity 
and mortality of animals.

2.4. Experimental design
After one one-week acclimatization period, fifteen 

healthy male albino rats were randomly divided into three 
groups with five rats housed per steel cage. Group one 
(n=5) was control group (C) and was injected with normal 
saline, group two (n=5) was the arthritis group (RA), rats 
were injected with CFA to induce arthritis, and both these 
groups control and RA were fed on basal diet for 25 days, 
and group three (n=5) was the treatment group by thyme 
(T) which the rats were injected with CFA and followed by 
administration of thyme extract orally (500 mg/kg orally 
once daily for 22 days). 

Oral administration of thyme extract treatment of 
thyme group was started 3 days post-CFA injection. To 
prevent the influence of circadian rhythm, all dosages of 
thyme extract treatment were given at 04:00 pm. 

The experiment lasted for 25 days, on day 26, animals 
were fasted overnight for 12 hours prior to blood collec-
tion. Rats were injected intraperitoneally (IP) with keta-
mine (100 mg/kg body weight) and xylazine (100 mg/kg 
body weight) [19] then blood samples were collected di-
rectly from the heart and put in EDTA test tubes and gel 
tubes for biochemical analysis. 

The serum was obtained by centrifugation of blood in 
the gel tubes at 4000 rpm. The cytokines such as interleu-
kin-10, interleukin-1, interleukin-6, TNF-alpha, anti-CCP, 
MMP-1, CD4, and CD14 were examined from the serum 
using ELISA kit (Sunlong-China). The blood in EDTA test 
tubes was put on roller allowing the blood to mix properly 
to prevent blood coagulation which was used to examine 
complete blood count including five differential counts 
of white blood cells. The heart and spleen were removed 
from the rats and fixed in %10 formalin for histological 
analysis.

Reagents Company Details
Complete Freund’s Adjuvants (CFA) Sigma-Aldrich (St. Louis, MO, USA) Used for arthritis induction

ELISA kits SunLong Biotech Co., LT (China) Kits for IL-1, IL-6, IL-10, TNF-α, Anti-CCP, 
MMP-1, CD4, sCD14

Ethanol ________ Absolute ethanol (99%) for extraction method

Table 1. List of chemicals and reagents used in the study.
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reduced inflammation and improved metabolic function. 
The results showed that rats injected with CFA developed 
arthritis, which negatively affected their total body weight 
gain. During the 25-day experimental period, the rheu-
matoid arthritis group gained an average of 65.4 grams in 
weight, compared to 84.4 grams in the control group and 
76.2 grams in the thyme-treated group as shown in Table 2 
and Figure 1. This also clarifies that food intake was rela-
tively lower in the RA group, compared to both the control 
and thyme groups.

A noticeable reduction in body weight gain was ob-
served in the RA group compared to the control group 
(65.4±2.977, and 84.38±9.496) respectively. In contrast, 
rats treated with thyme extract showed improved weight 
gain compared to the RA group (76.2±3.821, and 
65.4±2.977) respectively. Even though the weight change 
is not significant but its prominent and noticeable. Norma-
lity test confirmed using Shapiro-Wilk test.

3.2. Effect of thyme extract on paw edema and knee 
edema

The edema in the injected paw peaked between 3-6 
days post-CFA injection, with a measured thickness of 3.8 
cm on day 3. This was significantly greater than the base-
line paw diameter of 2.5 cm observed in the control group. 
The control group exhibited no paw edema, as they were 

2.5. Assessment and evaluation of arthritis 
To evaluate the progression of rheumatoid arthritis and 

the potential therapeutic effects of Thymus vulgaris, va-
rious physiological and immunological parameters were 
assessed throughout the experiment:

2.5.1. Assessment of body weight change 
The body weight change of each rat of all the groups 

was recorded and measured by sensitive balance on days 
0, 1, 3, 5, 8, 11, 15, 19, 23, and 26 after injection to moni-
tor changes associated with disease progression and treat-
ment effect.

2.5.2. Assessment of paw edema and knee edema
Immunological changes in the left and right hind paws, 

as well as the left and right knees, were recorded. Paw ede-
ma was measured using a manual measuring strip marked 
with numerical increments to assess swelling on days 0, 1, 
3, 5, 9, 12, 15, 19, 23, and 26 after injection. 

2.5.3. Assessment of cytokines and markers
For immunological analysis, pro-inflammatory cyto-

kines (IL-1, IL-6, TNF-α) and the anti-inflammatory cy-
tokine IL-10, along with immune cell markers CD4 and 
CD14, as well as MMP-1 and Anti-CCP antibodies, were 
quantified in serum using the Sandwich ELISA technique. 
Additionally, C-reactive protein (CRP) levels were measu-
red as a systemic inflammation marker by an immunotur-
bidimetric method using the Cobas c501 analyzer.

2.6. Statistical analysis
All data were expressed as mean and standard error 

of mean (Mean ± SEM), (n=5) and the statistical analy-
sis was performed using (GraphPad Prism 9. Ink). Data 
was statistically analyzed by one-way analysis of variance 
(ANOVA), followed by Tukey’s multiple comparison test.

3. Results
3.1.  Effect of thyme extract on rat body weight 

A notable reduction in body weight was observed in 
the rats with induced RA compared to the control group, 
indicating a systemic effect of inflammation. On the other 
hand, a relative increase in body weight was observed in 
rats treated with thyme extract compared to those with 
rheumatoid arthritis, indicating a potential protective ef-
fect of thyme against RA-associated weight loss through 

Fig. 1. Effect of Thyme Extract on Body Weight Gain in Rats. 
Body weight changes were monitored in all groups from day 0 (base-
line, prior to CFA injection) to day 26. The RA group showed reduced 
weight gain compared to controls, while thyme-treated rats exhibited 
improved weight gain relative to the RA group.

Day post-injection Control rats’ weight(g)  RA-rats weight (g) Thyme rats’ weight (g)
Day 0 239.9 269.5 245.44
Day 1 244.5 271.42 247.4
Day 3 252.46 278.28 258.46
Day 5 258.9 276.8 260.7
Day 8 270.56 288.32 268.84
Day 11 282.88 295.92 281.68
Day 15 286.24 315.9 292.96
Day 19 300.92 335.9 297
Day 23 306.86 324.34 308.98
Day 26 324.36 334.92 321.64
Range 84.4 65.4 76.2

Table 2. Effect of Thyme Extract on Body Weight Gain in Rats. Total body weight was measured intermittently from day 0 (baseline, 
prior to CFA injection) until day 26 (end of experiment, at blood collection).
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injected with normal saline instead of CFA (Figure 2. B). 
Edema in the left injected paw was considered the primary 
lesion, while immunological changes, such as inflamma-
tion in the non-injected site (left knee), were recorded as 
secondary lesions. Notable swelling was recorded in the 
left knee on day 3 post-injection, measuring 3 cm, while 
the right knee (control knee) measured 2 cm. No secon-
dary lesion appeared on the right paw or right knee. The 
administration of thyme extract resulted in a significant 
reduction in paw edema, with a percentage inhibition of 
(0.5 cm) (Figure 2A and Table 3).

3.3. Effect of thyme extract on inflammatory markers 
(Anti-CCP and CRP)

The concentration of Anti-CCP was elevated in the 
RA group in comparison to the control group. However, 
treatment with thyme extract led to a reduction in anti-
CCP levels in the thyme group compared to the RA group 
(Figure 3). 

Likewise, CRP levels were increased in the RA group 
compared to the control group. A decrease in CRP concen-
tration was observed in the thyme-treated group following 
administration of thyme extract as compared to the RA 
group (Figure 4).

3.4. Effect of thyme extract on MMP-1 and neutrophil 
count

MMP-1 concentration was higher in the RA group com-
pared to the control group, treatment with thyme extract 
led to a reduction in MMP-1 concentration in the thyme 
group compared to the RA group (Fig.5).

 Likewise, neutrophil count was higher in the RA group 
(25%) compared to the control group (16%). However, 
following thyme extract administration, the thyme group 
exhibited a reduced neutrophil count (21%) compared to 
the RA group (25%) (Figure 6. A). Furthermore, blood 
film slides of neutrophils for each group under 40X magni-

Groups Day (0) Day (1) Day (3) Day (5) Day (9) Day (12) Day (15) Day (19) Day (23) Day (26) I n h i b i t i o n 
value (cm)

Control 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 0
RA 2.5 3.6 3.8 3.4 3.5 3.5 3.6 3.6 3.5 3.5 0.04
Thyme 2.5 3.5 3.7 3.3 3.2 3.1 3.2 3.2 3.1 3 0.5

Table 3. Effect of thyme extract on paw edema.

Fig. 2. Effect of thyme extract on paw edema. A. A highly signi-
ficant increase in paw edema was observed in the RA group com-
pared to the control group (p<0.0001) (3.45 ± 0.11 and 2.5 ± 0.000) 
respectively. In contrast, administration of thyme extract resulted in 
a significant reduction in the paw edema formation compared to the 
RA group (p=0.0024) (3.18 ± 0.099, and 3.45 ± 0.11) respectively. 
B. Comparisons of paw edema formation between control, RA and 
thyme-treated group.  

Fig. 3. Effect of Thyme extract on Anti-CCP. A significant increase 
in Anti-CCP levels was observed in the RA group compared to the 
control group (p<0.05) (114.3 ± 8.04, and 75.06 ± 8.17) respectively. 
Anti-CCP levels were significantly reduced in the thyme group com-
pared to the RA group (76.51 ± 12.92, and 114.3 ± 8.04) respectively.

Fig. 4. Effect of Thyme extract on CRP. C-reactive protein levels 
were significantly elevated in the RA group compared to the control 
group (p=0.0009) (0.3±0.03 and 0.12±0.02) respectively. A significant 
reduction in the CRP levels was observed in the thyme group compa-
red to the RA group (p=0.024) (0.14±0.02 and 0.3±0.03) respectively. 

Fig. 5. Effect of thyme extract on MMP-1. A non-significant increase 
(p=0.08) in MMP=1 levels was observed in the RA group compared 
to the control group (894.6±55.64). A highly significant (p=0.0026) 
decrease in MMP-1 level was observed in the thyme group (768.6 ± 
13.86) compared to RA group (1045 ± 53.45).
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fication of light microscope. The result indicates that the 
neutrophil count was higher in the RA (B) group compared 
to the control group (A). However, the neutrophil count 
in the thyme group (C) was almost similar to the control 
group and reduced compared to the RA group (Figure 6B).

3.5. Effect of thyme extract on pro-inflammatory cyto-
kines 

The concentration of pro-inflammatory cytokines (IL-
1, IL-6, TNF-alpha) was higher in the RA group compared 
to the control group. However, these concentrations were 
reduced in the thyme group compared to RA group, indi-
cating potential anti-inflammatory and protective effect of 
thyme as shown in (Figure 7) and (Table 4).

3.6. The effect of thyme extract on immune cell mar-
kers (CD4 and sCD14)

The concentration of CD4 was higher in the RA group 
compared to the control group, while a reduction in CD4 
concentration was observed in the thyme group following 
thyme extract administration compared to the RA group 
(Figure 8). 

The sCD14 concentration was elevated in the RA group 
in comparison to the control group, whereas the thyme 
group exhibited a decrease in sCD14 levels in the thyme 
group compared to the RA group (Figure 9)

3.7. Effect of thyme extract on regulatory cytokine (in-
terleukin-10)

The concentration of IL-10 was lower in RA group 

Group parameter Control RA Thyme
Interleukin-1 180.6±7.241 218±7.741 188±6.931
Interleukin-6 80.21±0.7359 90.62±2.312 76.73±3.512
TNF-alpha 182.8±5.667 205.7±4.63 173.7±5.737

Table 4. Comparison between control, RA and thyme group in relation to IL-1, IL-
6, and TNF-alpha as mean ± SEM (n=5).

Fig. 8. The effect of thyme extract on immune cell markers CD4. 
A significant increase (p=0.0146) in CD4 concentration was observed 
in the RA group compared to the control group (3207 ± 249.2, and 
2367 ± 135.3) respectively. A significant reduction (p=0.0144) in CD4 
concentration was observed in the thyme group compared to the RA 
group (2365 ± 116.2, and 3207± 249.2) respectively.

Fig. 9. The effect of thyme extract on immune cell markers sCD14. 
The concentration of sCD14 was significantly higher in the RA group 
(29.53± 0.637) compared to control group (25.16 ± 1.087) (p=0.04), 
while the concentration of sCD14 was reduced non-significantly 
(p=0.07) in the thyme group (25.58± 1.556) compared to the RA 
group (29.53± 0.637).

Fig. 6. Effect of thyme extract on neutrophil. A highly significant 
(p<0.0001) increase in neutrophil count was observed in the RA group 
(11.2 ± 0.37) compared to the control group (6.4 ± 0.24). The percen-
tage of neutrophils significantly (p=0.008) decreased in the thyme 
group (9.2 ± 0.48) after administration of thyme extract compared 
to the RA group (11.2 ± 0.37). The black arrows show neutrophil(s)

Fig. 7. Effect of thyme extract on pro-inflammatory cytokines A. 
A highly significant (p=0.0092) increase in IL-1 concentration was 
observed in the RA group compared to the control group, while IL-1 
level was significantly reduced (p=0.03) in the thyme group compared 
to the RA group. B. IL-6 concentration was significantly (p=0.028) 
higher in the RA group compared to the control group, whereas, a 
highly significant reduction (p=0.0048) in IL-6 level was observed in 
the thyme group compared to the RA group. C. TNF-alpha concentra-
tion was significantly elevated in the RA group compared to the con-
trol group (p=0.027), While a significant reduction in TNF-alpha was 
observed in the thyme group compared to the RA group (p=0.0032) 
(Table 4).
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compared to control group; however, thyme extract exhi-
bits a potential effect on thyme group as IL-10 was in-
creased in thyme group compared to RA group as shown 
in (Figure 10).

3.8. Chemical composition of alcoholic thyme extract
Compounds of thyme extract were identified by analy-

sis of the GC mass technique (Table 5). The main compo-
nent found in thyme extract was thymol with a concentra-
tion of 17%.

4. Discussion 
Inflammatory mediators such as interleukin-1, interleu-

kin-6, and TNF-alpha are elevated in RA disease [20], 
which if left untreated can lead to invasion and infiltration 
of macrophages into the site of inflammation and produce 
excessive amounts of auto-antibodies [21]. The present stu-
dy shows that thyme extract has positive effect on RA, by 
reducing the number of pro-inflammatory cytokines such 
as TNF-alpha, IL-1, and IL-6, with increasing concentra-
tion of anti-inflammatory cytokines such as interleukin-10 
compared to RA group rats which is due to protective role 
of thyme against RA progression, this result is in line with 
previous study that highlighted pharmacological proper-
ties of thyme [22]. Another mechanism that contributes to 
RA pathogenesis is neutrophil cascade which can lead to 
inflammation by influencing cytokines and chemokines 
[23]. Pathophysiology of RA is mainly influenced by Tu-
mor Necrosis Factor (TNF), which is expressed at grea-
ter concentration in RA patients [24]. Furthermore, TNF 
contributes to variety of functions in development of RA, 
especially endothelial-cell activation and recruitment of 
pro-inflammatory cells such as macrophages and synovial 
fibroblast, which in turn release pro-inflammatory cyto-
kines such as TNF-alpha, IL-1, IL-6 [25].

In the present study, the RA group showed notable 
decrease in body weight compared to the control group, 
especially during the first days following RA induction, 
same result conducted in [26], although weight loss is a 
common symptom of many auto-immune disorders inclu-
ding RA, which is probably due to the increased release of 
cytokines related with inflammation, and loss of appetite, 
which in turn enhance protein catabolism [27]. However, 
rats treated with thyme extract showed prominent incre-
ment in body weight which could be due to the pheno-
lic compounds of thyme which exhibit anti-oxidant effect 
and can improve body weight gain by reducing oxidative 
stress related to RA as natural phenolic compounds can 
modulate both the pro-oxidant and anti-inflammatory me-
chanism and reduce the onset of the RA progression [28].

In the current study, rats injected with CFA showed 
highly significant swelling in paw of the rats which is 
the common characteristic of RA, as patients with RA 
suffer from soft tissue swelling [29]. The severity of RA 
peaked between 3 and 6 days after CFA injection, which 
is consistent with previous studies using the CFA-induced 
arthritis model, where paw edema typically reaches its 
maximum between days 3 and 5 post-injection [26]. On 
the other hand,  rats treated with thyme extract exhibited a 
significant reduction in paw edema which is possibly due 
to thymol and carvacrol compounds found in thyme which 
are effective anti-inflammatory compounds that inhibit 
inflammatory edema [30].

It has been demonstrated by Castro-Sánchez (2017) 

that immune cells (T helper cells) particularly CD4 T cell 
markers have a great role in mediating inflammation rela-
ted to auto-immune disorders such as RA, which supports 
the present study that CD4 has been increased significant-
ly in RA group compared to the control group [31]. Many 
studies are consistent with the hypothesis that CD4 plays 
a prominent role in RA pathogenesis, however, CD4 when 
activated can be found in the inflammation site of rheuma-
toid synovium in joints, as aligned with the results of the 
current study that CD4 concentration was higher in RA 
group and contributed to inflammation [32].

Another marker that is associated with inflammation is 
sCD14 [33]. The data of the present study shows signifi-
cant increase in sCD14 level in the RA group compared 
to the control group as sCD14 is linked to inflammatory 
disorders such as RA and is involved in innate immune 
response [34].

C-reactive protein (CRP) is an acute phase protein [35] 
primarily produced by liver hepatocytes and in smaller 
amounts by some other cells like macrophages and vascu-
lar smooth muscle cells [36]. Even though CRP is a non-
specific marker in inflammation and RA [37], it reflects 
systemic inflammation which is common in RA  and plays 
key roles in modulation of cytokine release particularly 
IL-6 and TNF-alpha [38] both of which are critical media-
tors in pathogenesis of RA [3]. The results of the current 
study show that the CRP concentration is  significantly 
higher in the RA group compared to the control group, and 

Fig. 10. Effect of thyme extract on regulatory cytokine interleu-
kin-10. A non-significant (p>0.05) decrease in concentration of IL-
10 was observed in the RA group compared to the control group 
(47.24±4.49, and 63.41±8.623) respectively. Following the adminis-
tration of thyme extract, a significant increase (p=0.0123) in IL-10 
concentration was observed in the thyme group compared to the RA 
group (82.76±8.231, and 47.24±4.49) respectively.

Compounds Retention time
Thymol 15.784
Carvacrol 15.701
p-cymene 16.198
Chlorothymol 29.445
Linalool 11.500
Gallic acid 28.301
Catechin 16.550

Table 5. Main Compounds Identified in Thyme Extract by GC-MS 
Analysis. The table lists the major compounds detected in the thyme 
extract along with their corresponding retention times, as determined 
by gas chromatography-mass spectrometry (GC-MS).
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this result is consistent with previous study, as it is a bio-
marker for chronic RA [39].

A significantly high concentration of anti-CCP was 
observed in the RA group compared to the control group, 
as anti-CCP is a specific marker for early progression of 
RA [40] and is a great predictor of RA, as auto-antibodies 
can be detected early in RA pathogenesis. It is also more 
effective in disease predictability especially RA [41].

Results in the current study recorded significantly 
higher neutrophil count in the RA group compared to the 
control group, as invasive tissue composed of activated 
synovial fibroblasts and neutrophils which secrete pro-in-
flammatory mediators such as cytokines and chemokines, 
while fibroblast-like synoviocytes can eliminate MMP-1 
to the plasma membrane [42]. It’s in line with the results 
of the present study that a higher MMP-1 concentration 
was observed in RA group compared to both the control 
and thyme group.

Rats were inoculated with 0.1 ml of CFA, containing 
10 mg/ml of heat-killed Mycobacterium tuberculosis. This 
dosage has been widely recognized as the most effective 
concentration for inducing polyarthritis in rats, closely mi-
micking the pathophysiological features of human rheu-
matoid arthritis [18]. The results of present study showed 
that thyme (Thymus Vulgaris) has anti-inflammatory and 
protective effects on RA which is mostly due to thymol the 
main active compound of the plant [43].

In the current study, secondary lesions did not appear 
neither on the right hind paw, or the right knee this is pos-
sibly due to the route and site of inoculation in which this 
study administered CFA subcutaneously, in contrast to the 
study by Gomes et al., (2013) applied two different routes 
and sites of inoculation (a single intradermal CFA injec-
tion, followed by an intra-articular injection at a separate 
site), and this resulted in secondary arthritic lesions at non-
injected paw [44].

Ethanolic extract of thymus vulgaris was administered 
for the treatment of RA in the study except for the aqueous 
extract and this is because ethanolic extract of thyme is ri-
cher in total phenolic content and exhibits more prominent 
effect than aqueous extract as reported in result of study by 
Elbahnasawy et al (2019) [43]. 

4.1. Limitation of the study 
While multiple pro-inflammatory and anti-inflamma-

tory markers were measured, histological analysis results 
of joint tissue were not performed, which could have pro-
vided more definitive evidence of structural improvement. 
Hence, further studies are needed to determine the structu-
ral effect of the plant through histological evaluation and 
further validate the therapeutic potential of Thymus vulga-
ris extract.

This study demonstrates that thyme (Thymus vulgaris) 
extract exerts significant anti-inflammatory effects in a rat 
model of rheumatoid arthritis. Administration of thyme 
extract led to a marked reduction in paw and knee edema, 
decreased levels of pro-inflammatory cytokines (IL-1, IL-
6, TNF-α), and lowered inflammatory markers (CRP, Anti-
CCP, MMP-1) in treated rats. Additionally, an increase in 
the anti-inflammatory cytokine IL-10 was observed, indi-
cating an immunomodulatory effect. These results suggest 
that thyme extract may offer a promising natural therapeu-
tic approach for managing rheumatoid arthritis and its as-
sociated inflammation. Further studies, including clinical 

trials, are warranted to confirm these findings and explore 
the underlying mechanisms of action.
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