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1. INTRODUCTION
Rheumatoid arthritis (RA) is a chronic immune-

mediated illness. It is characterised by swelling, pain in the joint, 
stiffness, disability of the patient’s bone, and cartilage damage 
[1,2]. While arthritis is not limited to a certain demographic, it 
is more frequent in individuals aged 40–50 [3]. Globally, RA 
affects around (0.5% to 1%) of the population, thereby being 
among the most prominent autoimmune illnesses, in which 
females have 2–3 times greater incidence of RA than males 

[4,5]. The estimated prevalence of RA is around 0.7% among 
the Indian population [6]. On a worldwide basis, forecasts 
suggest that by 2040, nearly 78.4 million individuals aged 18 
years and older will be affected by arthritis, underlining the 
growing burden of the disease [2].

As it is a multifactorial disease, multiple etiological 
factors are responsible for disease progression, including 
genetic, physiological, and environmental factors [1]. RA 
stimulates macrophages, polymorphonuclear cells, and 
synoviocytes, leading to the overproduction of T lymphocytes 
that drive inflammation [7]. In the course of the inflammatory 
progression, pro-inflammatory cytokines (“IL-1β” and “Tumor 
necrosis factor alpha (TNF-α)”) are produced, which activate the 
production of proteolytic enzymes. These enzymes contribute 
to joint deformation by causing chronic cell proliferation, the 
destruction of cartilage tissue, and bone percentage of membrane 
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ABSTRACT
Rheumatoid arthritis (RA) is a chronic immune-mediated illness characterised by joint damage, oxidative stress, and 
inflammation. Caryota mitis Lour. (C. mitis) generally termed as Fish tail plants, belong to the family Arecaceae. 
Caryota mitis stands out as a significant ethnopharmacological relevance, traditionally used in various disease 
elements such as inflammatory disorders, hyperglycemia, diarrhoea, asthma, and for snake bite poisoning. Diverse 
scientific validation of this plant has been proven, such as anti-tumour, anti-diabetic, anti-inflammatory, anti-
asthmatic, and anti-microbial. However, the exact anti-arthritic potential of this plant has not been validated till 
today. Thus, this study examines the anti-inflammatory and anti-arthritic potential of the methanol extract of C. mitis 
(MECM) fruit through in-vitro and in-vivo models. The in-vitro models include membrane stabilisation and protein 
denaturation, which confirmed that MECM effectively inhibited protein denaturation and stabilized membranes 
and protein denaturation, suggesting anti-inflammatory activity. In in-vivo Complete Freund’s adjuvant-induced 
arthritis rat models were employed to determine the therapeutic efficacy of MECM. MECM treatment to rat led 
to decreased paw swelling, enhanced body weight, and lowered arthritic scores. Further, biochemical investigation 
revealed decreased levels of “Tumor necrosis factor alpha, Interleukin-6,” oxidative stress markers, and restoration of 
antioxidant enzymes and anti-inflammatory cytokines. Histopathological investigation of bone joint determinations 
established protection against joint damage. Overall, the results indicate that C. mitis reduces rats’ inflammation and 
joint degeneration, likely through modulation of cytokines and oxidative stress, supporting its potential.
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2. MATERIALS AND METHODS

2.1. Plant sampling and extraction

2.1.1. Plant substantial
The fruits of C. mitis, locally called “Salapa”, were 

obtained from Bhubaneswar, (“Regional Plant Resource Centre”), 
in 2024 April. Taxonomist Professor “Dr. Pratap Chandra Panda” 
of our same institute performed the botanical authentication. 
Additionally, a voucher specimen number (2535/CBT) has been 
archived in “School of Pharmaceutical Sciences (SPS), SOA 
University, Bhubaneswar, Odisha” herbarium. 

2.1.2. Extract preparation
The fruits were rinsed with tap water and sliced into 

little pieces. They were dried in the shade at room temperature for 
15–20 days. Then the sample was defatted using n-hexane, after 
which methanol extraction was conducted out with methanol for 
72 hours under controlled conditions (30°C–40°C) employing a 
Soxhlet apparatus. Furthermore, the resulted methanol extract 
was concentrated by employing a rotary evaporator and preserved 
in a desiccator until further investigation.

2.2. In-vitro study

2.2.1. Protein denaturation assay
The protein denaturation assay of C. mitis was 

screened as the protocol outlined by Das et al. [20] and 
their team to estimate the anti-arthritis potential. Different 
concentrations of MECM (0–400 μg/ml), phosphate-buffered 
saline (2.8 ml), and egg albumin (0.2 ml) were mixed to form 
a reaction mixture. The mixture was allowed to incubate for 
15 minutes at 37°C. After the incubation, to induce protein 
denaturation, thermal treatment was given at 70°C for 5 
minutes. After cooling, the absorbance was recorded at 660 
nm, considering that double-distilled water served as the 
negative control. The % inhibition of protein denaturation was 
calculated using the formula;“% inhibition of protein = (1− 
(AT/AC)) × 100”; Whereas AC = Absorbance of control, AT = 
Absorbance of test.

2.2.2. Membrane stabilization assay
The potential of C. mitis was investigated by the 

human red blood cell (RBC) membrane stabilization method 
[20]. Fresh human blood was collected in a heparinised 
tube, then mixed with Alsever’s solution and centrifuged 
at 1,000 × g for 10 minutes. The packed erythrocytes were 
repeatedly washed with isotonic saline (0.85% NaCl).  
A 10% (v/v) human red blood cells (HRBC) suspension was 
then prepared in isotonic saline. Thereafter, a reaction mixture 
was made of 1 ml of MECM extract prepared at different 
concentrations (0–400 μg/ml), 1 ml of 10% HRBC suspension, 
1 ml of phosphate buffer (0.15 M, pH 7.4), and 2 ml of hypotonic 
saline. The mixture was allowed to incubate for 30 minutes at 
37°C. After the incubation, the centrifugation was done, and the 
absorbance was measured at 560 nm. The percentage hemolysis 
was calculated using: “% Hemolysis = (ODtest/ ODcontrol) 
x 100” formula. The percentage of membrane stabilization 

stabilization [8,9]. Conversely, IL-10 anti-inflammatory 
cytokines serve to counteract these effects by limiting the level 
of pro-inflammatory cytokines [10]. Furthermore, RA states 
that the rise in reactive oxygen species. This alteration between 
the antioxidant defence system and ROS further exacerbates 
joint inflammation and tissue damage [11]. 

To underscore therapeutic strategies for treating 
RA, it is essential to understand the molecular mechanisms 
driving disease progression. Current treatment options 
for inflammatory diseases such as RA are not curative. 
“Disease-Modifying Antirheumatic Drugs” (DMARDs) and 
symptomatic treatment are recommended by the “American 
College of Rheumatology” as the cornerstone of RA treatment 
[12]. DMARDs, including sulfasalazine, leflunomide, and 
methotrexate (MTX), help to slow disease progression by 
targeting the underlying mechanisms of inflammation, with 
side effects such as weakening the immune system and 
hepatic problems [13]. Symptomatic medications, which 
involve corticosteroids and “nonsteroidal anti-inflammatory 
drugs”, are often used to lessen pain and reduce inflammation 
by targeting cyclooxygenase 1 (COX-1) and COX-2 in the 
short term [14]. These medications provide relief from the 
symptoms of RA but do not alter the long-term progression 
of the disease. While specific suppression of COX-2 has been 
linked to an increased risk of stroke and myocardial infarction, 
COX-1 inhibitors cause renal, gastrointestinal, hepatic, and 
brain problems [13]. 

With this, all the side effects have necessitated 
the need to find safe and cost-effective alternatives. Herbal 
remedies stand out as promising alternatives due to their 
natural origin, lower side effects, and cost-effectiveness [15]. 
Traditionally, numerous plants have been used to alleviate 
symptoms of RA, and countless herbal plants are currently 
being studied to develop new medications with proven 
potential anti-arthritic activity, both pre-clinical and clinical 
[16,17]. Caryota mitis Lour (C. mitis)., which is commonly 
known as the Fishtail plant, belongs to the Arecaceae family, 
which has a native range across Asia and North Africa [18]. 
This plant is widely recognised as an ornamental plant around 
the globe. This plant has been utilised as a folk remedy to 
treat various disease elements such as diabetes, asthma, and 
so on [18]. Of note is that the fruits of the plant have been 
used to treat laxatives, hemorrhoids, loss of virility, and 
RA in Bangladesh [19]. Previous study stated that plants 
possess multiple pharmacological properties: analgesic, anti-
inflammatory, antipyretic, anti-allergic, anti-asthmatic, and 
anti-tumour activity [18]. As far as we are aware, the anti-
inflammatory and anti-arthritis potential of C. mitis fruits 
has not been systematically studied scientifically. Thus, the 
anti-inflammatory and anti-arthritic potential of C. mitis 
was assessed using an in-vitro membrane stabilization and 
protein denaturation, followed by a Complete Freund’s 
adjuvant (CFA)-induced arthritic rat model and the potential 
effects of the methanol extract C. mitis (MECM) on the 
antioxidant defence system. The present study was designed 
as a preliminary pharmacological investigation to evaluate its 
anti-inflammatory and anti-arthritic efficacy through in-vitro 
and in-vivo.
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was calculated using “% Stabilization = 100 -%Hemolysis”. 
“ODtest = Optical density of test sample, ODcontrol = Optical 
density of control”. 

2.3. Bioactive study

2.3.1. Animals and diet
Young female Wistar rats (150–170 g weight) 

(6–8 weeks) were used for evaluating the anti-arthritis effect 
of the MECM. Prior to the experiment, the animals were 
acclimatized under standardized room at “23°C ± 2°C with a 
12 hours light/12 hours dark” and a relative humidity range 
between 40% and 70%. The animals were fed a standard 
laboratory rodent diet and had 24-hour access to drinking water. 
All procedures involving in experimentation were reviewed, 
supervised, and authorised by the Institutional Animal Ethics 
Committee (IAEC) of “SPS, SOA, deemed to be a University, 
India,” under protocol number “IAEC/SPS/SOA/217/2025.” 
“CPCSEA” and “ARRIVE” guidelines were followed to carry 
out this work [21,22].  

2.3.2. Drugs and chemicals
Petroleum ether, methanol, Tris-EDTA, Tris-HCl, 

sodium dodecyl sulfate, phosphate-buffered, and perchloric 
acid were purchased from Sisco Research Laboratories (SRL) 
(India). 10 ml of a vial containing CFA Sigma (USA). ELISA 
kit, such as “Interleukin-6 (IL-6), TNF-α, and IL-10,” were 
acquired from Thermo Fisher Scientific (India). Anti-oxidant 
markers such as “Superoxide Dismutase (SOD), Glutathione 
(GSH), Catalase (CAT),” and oxidative stress markers such as 
Malondialdehyde (MDA) and Griess Reagent for Nitrite were 
brought from SRL (India). 

2.3.3. Acute toxicity studies
Acute toxicity assessment of methanol extract as 

per protocol guidelines OECD 423. Healthy male and female 
rats were used for the study to assess possible sex-dependent 
differences in toxicity and rule out any serious toxicological 
properties of the plant extract. The animals were assigned to 
two groups, each comprising five rats. The test group was given 
a single successive dosage of “4,000 mg/kg” of the extract after 
a 12-hour fast, while the control group received only the vehicle 
for 14 days; both groups were thoroughly monitored for any 
indications of toxicity [23,24].

2.3.4. RA induction and treatment regimen
The procedure explained by Das et al. [20] was 

used to create the in-vivo arthritis model. RA is known to 
occur more frequently in females than in males, and previous 
reports suggest that female rats develop a more consistent and 
reproducible disease course in CFA-induced arthritis models 
[25]. Therefore, only female rats were selected for this study. 
The 30 female rats were randomly allotted into five groups 
in reference to the published CFA-induced arthritis model 
[5,20]. The group sizes (n = 6) for the animals were determined 
based on a power analysis and in alignment with a previously 
published CFA-induced arthritis model [20]. Furthermore, A 
single shot of 0.1 ml of “CFA” was injected into the plantar 
surface of the right hind paw of all animals except the control 
group. Throughout the experimental period, animals were 
maintained under standard laboratory conditions, with free 
access to food and drinking water, and subjected to a 12 hours 
light/12 hours dark cycle. The experimental timeline of the 
current study plan is provided in Figure 1(A). After induction 
RA, administration of standard drug MTX, tested drug MECM 

Figure 1. The potential of C mitis in an in-vitro model. (A) Experimental timeline; (B) in-vitro protein 
denaturation assay; (C) in-vitro membrane stabilization assay. Results are reported as the mean ± SD (n = 3).



	 Pattanaik et al. / Journal of Applied Pharmaceutical Science 2026;16(05):176-186	 179

low dose (MECM-L), and MECM high dose (MECM-H) over 
a 4-week duration. Treatment allocation was as follows: Group 
I, normal control receiving vehicle; Group II, arthritic control 
induced with CFA and administered vehicle; Group III, CFA-
induced animals treated with MTX (0.05 mg/kg); Group IV, 
CFA-induced animals administered MECM-L of 200 mg/kg 
(MECM-L); and Group V, CFA-induced animals treated with 
MECM-H of 400 mg/kg (MECM-H). 

2.4. Evaluation of arthritis parameters

2.4.1. Body weight. Arthritic index and arthritic score
The body weight (BW) of the animals was also closely 

monitored as a measure of their general health status and disease 
progression. The weight was recorded at the baseline (week 0) 
and then at weekly intervals for a period of up to 4 weeks post-
induction of CFA. The level of joint inflammation was measured 
using the arthritic index scoring technique as described by Das 
et al. [26]. The clinical assessment was done by observing the 
erythema and swelling of the paw, and the scores were given as 
follows: “0 for no swelling or erythema;” “1 for mild erythema or 
swelling of one finger or toe;” “2. Multiple toe or finger erythema 
and swelling;” “3. Ankle or wrist erythema and inflammation;” 
“4. Pronounced erythema and inflammation affecting both the 
digits and the ankle or wrist,” calculated over 4 weeks after 
arthritis induction. The cumulative score had a maximum of 8, 
and scores above 1 were considered positive for the onset of 
arthritis [5]. These scoring evaluations were performed by an 
investigator who was blinded to the group allocation. 

2.4.2. Paw diameter (PD) and paw volume (PV)
Measurements of PV and PD were conducted 4 weeks 

after CFA was induced. PD was measured using a digital vernier 
calliper, and PV was measured using a Plethymometer [5]. 

2.4.3. Pro and anti-inflammatory cytokines
The animals were euthanized by cervical dislocation 

on day 28. Blood samples were collected by cardiac puncture 
into Vacutainer tubes: one for serum, one containing EDTA, 
and one for erythrocyte sedimentation rate (ESR) measurement. 
The samples were centrifuged at 1,000 × g for 10 minutes 
to pellet the plasma, which was then preserved at −20°C. 
Concentrations of anti-inflammatory cytokine “IL-10” and 
the pro-inflammatory cytokines “IL-1β” and “TNF-α” were 
measured using ELISA kits that adhere to the protocol of the 
manufacturer. The expression was represented in pg/ml [27].

2.4.4. Oxidative stress biomarker 
Synovial tissue was obtained on 28 days, and the 

homogenate mixture of this synovial tissue was further analysed 
to determine levels of oxidative cellular stress. Anti-oxidant 
enzymes such as SOD, CAT, GSH, and oxidative stress markers 
such as MDA and Nitrite were quantified [28].   

2.4.5. Haematological and biochemical assessment 
The blood samples taken were analysed for various 

biochemical and inflammatory markers such as liver function 
enzymes [“Aspartate aminotransferase (AST), Alanine 

aminotransferase (ALT), and Alkaline phosphatase (ALP)”], 
kidney function markers (creatinine and urea), and the levels 
of ESR, “rheumatoid factor” (RF), and “C-reactive protein” 
(CRP) [20].

2.4.6. Histopathological study
In accordance with the approved ethics guidelines, on 

day 28 animal were euthanized. Collected ankle joints were fixed 
in neutral buffered formalin (10%), after which decalcification 
using formic acid was done. Then the paraffin embedding box 
was prepared, and 5 μm-thick sections were sectioned with a 
microtome. Sections were stained with H&E and visualized 
using a digital microscope system. Histopathological alterations 
were assessed independently by a blinded pathologist using a 
validated scoring protocol described by Wang et al. [29]. 

2.5. Statistical analysis
Statistical analysis was  conducted  with  GraphPad 

Prism version 9.0.0. Results are reported as the mean ± standard 
deviation (SD).  One-way analysis of variance (ANOVA) 
followed by Tukey’s multiple comparison tests was made 
for single-endpoint parameters to assess differences between 
experimental groups. Two-way repeated-measures ANOVA 
followed by Tukey’s multiple comparison test was performed for 
BW, Arthritic index (AI), Arthritic score (AS), PV, and PD. A 
p-value of less than 0.05 was regarded as statistically significant.

3. RESULTS

3.1. Assessment of MECM on protein denaturation and 
membrane stabilization

MECM was investigated for its inhibition of 
protein denaturation, a key mechanism involved in causing 
inflammation. Figure 1(B) reveals that the MECM exhibited 
remarkable inhibition of protein denaturation across all tested 
concentrations, with an IC50 value of (249.50 ± 5.98 μg/ml). 
Moreover, a membrane stabilisation assay investigated the 
ability to protect lysosomal membranes under stress conditions, 
Figure 1(C). The result suggests that MECM has concentration-
dependent membrane-stabilizing capacity, with an IC50 value of 
(233.04 ± 9.71 μg/ml). METX also exhibits a strong percentage 
of inhibition against protein denaturation with an IC50 value of 
(92.87 ± 3.69 μg/ml), and a membrane stabilisation IC50 value 
of (102.63 ± 6.55 μg/ml). 

3.2. MECM suppresses changes in body weight in CFA-
induced rats

During the acute toxicity testing, no toxic responses 
were noted over the 14 days. Based on a maximal tolerable dose 
of 4,000 mg/kg, the high and low doses were determined to 
be 1/10th (400 mg/kg) and 1/20th (200 mg/kg), respectively. 
The observed reduction in body weight may be associated with 
systemic inflammatory responses. Therefore, the BW of NC 
and CFA-induced arthritis rats were monitored weekly. Figure 
2(A) The disease control (DC) group showed a marked loss 
of BW compared to the NC group during the 4-week study 
(***p < 0.001). Conversely, METX treatment (###p < 0.001), 
MECM-L (##p < 0.001), and MECM-H (###p < 0.001) doses 
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of MECM led to a significant increase in the BW against DC. 
These investigations suggest that MECM reduces the systemic 
wasting effect typically seen with chronic arthritis. 

3.3. MECM improved the arthritic score and arthritic index
The evidence suggests that MECM markedly 

reduces both AI and arthritic scores Figure 2(B). The AI was 
measured once a week after the CFA induction. In the DC, the 
AI was found to be increased across the 4 weeks, in contrast 
to NC (***p < 0.001). On the other hand, starting at week 2, 
the METX and MECM-H treated groups had a statistically 
significant and gradual decrease in arthritic index compared 
to DC (###p < 0.001), indicating protection against joint 
degradation. Similarly, the arthritis score of DC was markedly 
higher than that of the NC (***p < 0.001), Figure 2(C).  
In comparison to DC, treatment of MECM results in a 
substantial concentration-dependent decrease in arthritic 
score (###p < 0.001) against DC. 

3.4. MECM attenuates paw swelling in CFA-induced rats
It has been shown that administering CFA causes severe 

inflammation, which results in changes in the paw. Hence, PD 
and PV were noted for all rats each week to scrutinize the effect 
of MECM in attenuating the arthritis symptoms. Figure 2(D) 
CFA-induced rat (i.e., DC) (***p < 0.001) showed a markedly 
elevated PD throughout 4 weeks, as shown by vernier calliper 
measurement. On the other hand, treatment with MECM 
shows concentration-dependent decreases in PD when against 
to DC (###p < 0.001). Likewise, PV was determined by a 
plethysmometer across the 4 weeks, Figure 2(E). A remarkable 
PV increase was seen in DC (***p < 0.001) compared to NC. 

In contrast, METX and MECM exhibit the lower PV (###p < 
0.001) when compared to DC, and show a clear attenuation of 
paw swelling in CFA-induced rats. 

3.5. MECM regulates the pro and anti-inflammatory cytokines
The dysregulation in cytokine balance was clearly seen 

in the arthritic model group, i.e., DC (***p < 0.001), against NC, 
reflecting that an exaggerated inflammatory response is involved in 
the disease progression. However, the administration with METX 
and MECM, both the concentration attenuated the elevated level 
of “TNF-α,” Figure 3(A) and “IL-6,” Figure 3(B), remarkably 
against DC (###p < 0.001). Similarly, the IL-10 Figure 3(C) levels 
were significantly restored in the treatment groups against the 
DC (###p < 0.001). This result indicates that MECM modulates 
the pro- and anti-inflammatory cytokines. 

3.6. MECM diminished oxidative stress and enhanced anti-
oxidant defence

The induction of oxidative stress in synovial tissues was 
validated by measuring major antioxidant and oxidative markers. 
There was a depletion in the SOD Figure 3(D) and CAT Figure 3(E), 
along with decreased GSH levels Figure 3(F), in the DC group 
against the NC (***p < 0.001), which reflects a compromised 
antioxidant defence system. Conversely, administration of METX 
(###p < 0.001) and MECM (##p < 0.01 and ###p < 0.001) at both 
concentrations prominently reversed levels of these antioxidants 
against to DC, indicating protection against oxidative damage. 
In addition, levels of MDA and Nitrite Figure 3(G and H), both 
well-known indicators of lipid peroxidation and nitrosative stress, 
were notably increased in the DC (***p < 0.001), indicative of 
widespread oxidative damage. METX and MECM treatment 

Figure 2. Protective effect of C. mitis in a CFA-induced rat model of arthritis. (A) Body weight assessment of all groups; (B) Arthritic index %; (C) 
Arthritic score; (D) PD; (E) PVs. Results are reported as the mean ± SD (n = 6). Two-way repeated-measures (ANOVA) followed by Tukey’s multiple 
comparison test was employed. The statistical significance, where **p < 0.01 and ***p < 0.001 against to NC and #p <0.05, ##p < 0.01 and ###p < 0.001 
against to DC.
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successfully lowered these high levels in a concentration-
dependent manner (###p < 0.001) against DC. 

3.7. MECM improved the macroscopical and 
histopathological features on arthritis rats

macroscopic assessment of all animals was conducted 
prior to the histopathology after different treatments. The findings 
demonstrated that the DC group exhibited clear signs of arthritis, 
such as swelling and redness in the paws. However, Treatment 
with METX and MECM resulted in a noticeable reduction in 
these arthritic symptoms Figure 4(A). Further, the ankle joints 
of CFA-induced rats were examined by using H and E staining. 
Figure 4(B) shows the histopathological results of METX and 
MECM-treated RA rats. The results reveal that in the NC group, 
the joint cavity was well preserved with no marked synovial 
hyperplasia, no obvious cartilage erosion. The hyaline cartilage 
appears relatively intact. However, in the DC group, the synovial 
lining is thickened and composed of multilayered synoviocytes. 
Additionally, it shows high cellular density within the synovium, 
suggesting the development of pannus tissue, which is a hallmark 
feature of active RA [30]. This hallmark feature of RA was 
alleviated upon METX and MECM-H treatment, Figure 4(B). 
In both groups, hyaline cartilage appeared well-integrated, 
the synovial line seemed to be moderately thickened, and 
no sign of cartilage erosion. This examination suggests that 

Figure 3. Effect of MECM cytokines levels and oxidative stress. (A) TNF-α levels; (B) IL-6 levels, (C) IL-10 
levels; (D) SOD levels; (E) CAT levels; (F) GSH levels; (G) MDA levels; (H) Nitrite levels. Results are reported as 
the mean ± SD (n = 6). One-way (ANOVA) followed by Tukey’s multiple comparison tests was employed for 
statistical significance, where ***p < 0.001 against to NC and ##p < 0.01 and ###p < 0.001 against to DC.

MECM-H extract suppresses pathology upon 28 days of drug 
induction. Figure 4(C) the histopathological score, where DC 
was found to have an increased histopathological score against 
to NC (***p <0.001). This histopathological score remarkably 
declined by METX and MECM-H (###p <0.001), and MECM-L 
(##p <0.01) against to DC. 

3.8. MECM modulates hematological and biochemical 
markers

Using hematological and biochemical indicators, 
the anti-inflammatory and related organ-protective effects 
of MECM were examined Figure 5. CRP and ESR are the 
inflammation markers found overexpressed in the DC group 
against to NC (***p < 0.001), confirming systemic inflammation 
in CFA-induced rats, Figure 5(A and B). Despite being treated 
with METX and MECM, their levels were significantly 
reduced. MECM-H showed significant effects comparable 
to MTX against to DC (###p < 0.001). Furthermore, in DC 
groups, the RF was found to be increased against to the NC 
(***p < 0.001), suggesting that the autoimmune involvement in 
the CFA-induced model, Figure 5(C). RF levels against DC 
are dramatically reduced by both METX and MECM therapy 
(###p < 0.001). Liver function tests, such as AST, ALP, and 
ALT, and kidney function tests, such as urea and creatinine, 
were investigated for any kind of organ-associated effect 
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Figure 4. MECM effect on RA physical parameters. (A) Gross images of hind limbs from five experimental groups; (B) 
Histopathological images. The hyaline cartilage (Green →), synovial hyperplasia (Blue →), synovial lining (Black →); (c) 
Graphical depiction of X-ray and histopathology scores. Results are reported as the mean ± SD (n = 6). One-way (ANOVA) 
followed by Tukey’s multiple comparison tests was employed for statistical significance, where ***p < 0.001 against to the NC, 
##p < 0.01, and ###p < 0.001 against to the DC.

Figure 5. Effects of MECM on hematological and biochemical markers. (A) CRP; (B) ESR; (C) RF; (D) 
ALP; (E) ALT; (F) AST; (G) Urea; (H) Creatinine. Results are reported as the mean ± SD (n = 6). One-way 
(ANOVA) followed by Tukey’s multiple comparison tests was employed for statistical significance, where 
***p < 0.001 against to NC and ##p < 0.01 and ###p < 0.001 against to DC.
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Figure 5(D–H). The DC group shows that the levels were 
significantly increased when against to NC (***p < 0.001). When 
compared to the DC, these levels are significantly reduced to 
almost normal with the administration of METX and MECM 
(###p < 0.001). While MECM shows concentration-dependent 
effects. This result suggests MECM has protective effects 
against organ damage.

4. DISCUSSION 
Chronic inflammation is the leading worldwide 

health issue responsible for more than half of all global deaths. 
Among diseases with a related condition, RA is especially 
significant because of its systemic, chronic, and multifactorial 
etiology [31]. RA is an autoimmune disorder where the 
immune system targets the protective cover of the joint, which 
is the synovium, leading to chronic inflammation. This will 
impact patient’s quality of life and places a heavy burden on 
families, communities, and the healthcare system around the 
world [32].

Inflammatory components like “TNF-α” and “IL-6” 
are a core component of RA’s pathophysiology, stimulating 
inflammation and joint damage [33]. Although conventional 
therapy is still a mainstay in clinical practice [34]. These 
therapies also raise some serious risks, including bone marrow 
suppression, gastrointestinal bleeding, tuberculosis infections 
of the skin and liver. Nevertheless, there is an urgent unmet need 
for more effective, safer, and affordable treatment options for 
RA. Filling this gap entails ongoing research into novel targets, 
personalized medicine strategies, and integrative approaches 
that not only control symptoms but also alter the course of the 
disease more durably. Natural compounds are attracting more 
and more attention from researchers due to their inexpensive, 
relatively fewer adverse effects, and potential to target numerous 
pathways [35,36]. Caryota mitis, specifically, fruits from this 
plant have been employed in ancient practice to control RA 
symptoms in Bangladesh [19]. Due to its ethnomedicinal 
significance, this current study seeks to scientifically assess 
the RA activity of C. mitis. While C. mitis has been previously 
reported for its anti-inflammatory and antioxidant properties, 
its role in autoimmune and inflammatory joint diseases has 
not been explored. Our results complement earlier findings by 
confirming its anti-inflammatory and antioxidant potential, and 
extend the current knowledge by demonstrating that C. mitis 
also modulates pro- and anti-inflammatory cytokines, restores 
antioxidant defences, and protects joint structure in CFA-induced 
arthritic rats. This systematic evaluation not only supports 
its ethnomedicinal applications but also provides a scientific 
rationale for its use as a supportive or disease-modifying anti-
arthritic therapeutic.

Denaturation of protein is a widely accepted indicator 
of inflammation, as protein denaturation can  cause  immune 
responses and  the  onset  of rheumatoid conditions. Protein 
denaturation inhibition indicates anti-inflammatory action 
and the possibility of alleviating arthritic symptoms [37]. The 
percentage inhibition of protein denaturation by MECM was 
IC50 (249.50 ± 5.98 µg/ml), showing considerable protective 
activity against inflammatory protein denaturation. Membrane 

stabilization assay is another significant measure of anti-arthritic 
potential, as it indicates the potential of a compound to stabilize 
lysosomal membranes against lysis and thus inhibit the release 
of inflammatory mediators. RBC membrane stabilization 
simulates the protection of synovial membranes in arthritic 
joints. MECM had membrane stabilization value IC50 (233.04 
± 9.71 µg/ml), indicating its potential for stabilizing cellular 
membranes against inflammatory stress. 

For our study, we used an adjuvant-induced arthritic 
model, which induces an immunological reaction that results 
in joint inflammation and swelling that closely resembles 
human RA [38]. Since RA occurs more frequently in females 
than in males, and prior studies indicate that female rats 
exhibit a more consistent and reproducible disease pattern in 
CFA-induced arthritis models, we therefore used female rats 
in the present study [25]. Loss of body weight is often seen in 
inflammatory conditions, including arthritis, due to decreases 
in food intake and muscle wasting driven by inflammatory 
cytokines [39]. Body weight monitoring is an early measure 
of health and treatment outcome [40]. During the DC group, 
dramatic body weight loss was noted. But MECM treatment 
resulted in concentration-dependent recovery of body weight, 
indicating its potential efficacy in minimizing systemic 
inflammation and improving recovery. The paw swelling was 
measured weekly across all groups to assess the progression of 
arthritis and the therapeutic effect of MECM, and the results 
suggested that the DC group showed a marked and sustained 
increase in both PD and PV. In contrast, treatment with MECM 
led to a clear, dose-dependent attenuation of paw swelling was 
observed. PD and PV were measured using a digital vernier 
calliper and a plethysmometer, respectively, and no blinding 
was employed for these assessments. However, the objective 
nature of these measurements and the consistent reduction in 
swelling observed in MECM-treated groups suggest that any 
potential bias was minimal. Similarly, the DC group showed 
a progressive elevation of AS and AI. Conversely, MECM 
treatment significantly reduced AS and AI in a concentration-
dependent manner.

In RA, activated immune cells produce an excess 
of reactive oxygen species, which may trigger pivotal 
inflammatory mechanisms like NF-κB that perpetuate 
synovial inflammation and joint destruction. Thus, the 
targeting of oxidative stress not only reduces the inflammatory 
environment but also likely prevents the progression of joint 
destruction in RA [41]. In this study, in the DC group, there 
was a significant increase in oxidative stress markers such 
as MDA, Nitric oxide, and a decrease in antioxidant defence 
enzymes SOD, CAT, and GSH. However, administration of 
MECM revealed the abnormalities in RA in contrast to DC. 
Furthermore, this ROS contributes to the imbalance between 
pro- and anti-inflammatory cytokines. Our finding shows that 
upon administration of MECM, the pro- and anti-inflammatory 
cytokines were markedly balanced. 

Elevation of RF, CRP, and ESR indicates active 
systemic inflammation in RA. The present study demonstrated 
that MECM treatment resulted in a remarkable decrease in 
RF, CRP, and ESR levels, suggesting that MECM suppresses 
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systemic inflammation and autoimmune responses. Raised ALT, 
AST, ALP, urea, and creatinine levels in the DC group suggest 
liver and kidney impairment due to chronic inflammation. 
Administration of MECM decreased these levels, indicating 
protective activity. Additionally, our macroscopical and 
histopathological study reveals that enhanced joint structure is 
achieved by decreasing bone deformity, oedema, and synovial 
damage, continually restoring joint architecture toward the 
NC. Our study aligns with the other botanicals that have 
been extensively evaluated for RA, such as Curcuma longa 
and Boswellia serata [42–44]. Both of these plants are well-
established and clinically recognised phytomedicines for 
their anti-inflammatory and antioxidant properties. Caryota 
mitis remains largely unexplored. Our findings therefore 
position C. mitis within this broader pharmacological context, 
complementing established botanicals while contributing novel 
evidence for its anti-arthritic efficacy.  

Despite its promising findings, the study holds some 
inherent limitations. Firstly, in this preliminary study, advanced 
phytochemical analyses such as Gas Chromatography–Mass 
Spectrometry or Liquid Chromatography–Mass Spectrometry 
were not performed, as these facilities were not available to us. 
Identifying and isolating the specific active constituents would 
provide stronger mechanistic insights. Nevertheless, previous 
phytochemical studies have already reported the presence of 
flavonoids, phenolic acids, sterols, and terpenoids in C. mitis 
[18]. These classes of compounds are well recognized for 
their anti-inflammatory, antioxidant, and immunomodulatory 
properties, which could plausibly contribute to the observed 
effects in our study. Future studies should build upon these 
findings by conducting bioactivity-guided fractionation to 
isolate and identify the lead phytoconstituents responsible for 
the observed effects. Secondly, the present work was limited 
to ELISA-kit-based assessments for cytokine quantification. 
Although addition of Western blot, Real-time quantitative 
polymerase chain reaction, and immunohistochemistry would 
provide deeper mechanistic insights into gene and protein 
expression changes. The current study’s sham control group was 
not included; however, the control group served as the baseline 
reference. Future studies should include a sham control group 
to further strengthen the experimental design. Lastly, this study 
was conducted using an adjuvant-induced arthritis rat model, 
which, although widely accepted, may not fully replicate 
the complexity of human RA. Future work should extend to 
multiple pre-clinical models, long-term safety evaluations, 
and eventually clinical validation to translate the therapeutic 
potential of C. mitis.

5. CONCLUSION
The current investigation revealed that the MECM 

demonstrated anti-inflammatory and anti-arthritic effects in 
CFA-induced rats, likely mediated through the regulation 
of cytokine balance and oxidative stress. These findings 
validate ethnomedicinal claims. Future work should include 
bioactivity-guided fractionation, identification of active 
constituents, molecular and cellular pathway analyses, 

pharmacokinetics, and formulation strategies to establish 
translational relevance. 
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