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Abstract

Rheumatoid arthritis (RA) is a chronic autoimmune disorder characterized by joint inflammation. Given the
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side effects of conventional treatments, this study focuses on the anti-inflammatory effects of purslane (Portu-

laca oleracea) and turmeric (Curcuma longa). The research is driven by the growing demand for plant based-

treatment for safer therapeutic options for RA management. Five groups were formed; the control group
included only healthy rats and was used for baseline comparison. RA was experimentally induced in male
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rats using Complete Freund’s Adjuvant (CFA). Treated groups received extracts of purslane, turmeric and
combination of both and one group was left untreated (RA group). Bioactive compounds in plant extracts
were identified by GC-MS analysis. Paw edema and body weight were monitored thrice weekly for statistical

analysis, and neutrophil counts were assessed microscopically. Enzyme-linked immunosorbent assay (ELISA)
was used to quantify the inflammatory biomarkers including IL-1, TNF-a, IL-6, IL10, CD14, CD4, MMP-1,
alongside measuring cyclic citrullinated peptide (anti-CCP) levels. CFA-induced RA significantly increased
paw edema, neutrophil counts (P<0.0001), and elevated levels of anti-CCP, CD4, IL-1, IL-6, and TNF-a
compared to the control group (P<0.001). Treatments with purslane, turmeric and combination reduced paw
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swelling and these inflammatory markers in RA induced rats significantly (P< 0.01). Despite the increasing
serum level of MMP-1, CD14 and IL-10 the reduction by plant extract did not show significant results. It is
concluded that the bioactive compounds in the purslane and turmeric have anti-inflammatory effects through

reducing inflammatory markers in RA induced rats.
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1. Introduction

Rheumatoid arthritis (RA) is a systemic autoimmune
disease associated with inflammatory process and progres-
sive joint involvement [1]. Rheumatoid arthritis begins
gradually, often presenting with swelling in one or more
joints ]. Recent finding suggests that the development of
RA is triggered by both genetic and epigenetic factors,
although the environment could also play critical role in
disease onset [2]. A hallmark feature of RA is aberrant
activation of the immune system, particularly B cells, T
cells, and macrophages|[3, 4] .Which leads to the overpro-
duction of cytokines such as tumor necrosis factor-alpha
(TNF-a), interleukin-1beta(IL-1), and interleukin-10 (IL-
10). These inflammatory cytokines serve important roles
in the key processes in the joints, which usually cause
inflammation, articular damage [5]. Matrix Metalloprotei-
nases (MMPs) particularly MMP-1 are enzymes produced
by synovial fibroblast and chondrocytes. They degrade
extracellular matrix components [6]. Also in RA the syno-
vial tissue is infiltrated by CD4 helper T cells and CD14
monocyte derived macrophage, while the presence of anti-
CCP antibody indicates a strong autoimmune response [7].

Conventional treatment commonly involves disease-mo-
difying antirheumatic drugs (DMARDs) including metho-
trexate, which can help reduce disease activity and prevent
joint damage [8]. DMARDs become less effective with
prolonged use or advanced disease duration, unwanted
side effects especially in combination therapies [9]. Natu-
ral compounds have been used as a source for therapeutic
agents for mankind. Medicinal plants produce bioactive
compounds with pharmacological attributes with anti-in-
flammatory, anti-ageing, immune modulator, antioxidant
and others [10]. Such medicinal plants with these pro-
perties may help in reducing RA progression, purslane
(Portulaca oleracea) and turmeric (Curcuma longa) with
notable therapeutic effects. Purslane recognized for its rich
nutritional profile, notably its high including high omega-3
fatty acids content, and is recognized for its anti-inflam-
matory and antioxidant properties [11]. Purslane is rich in
a wide variety of bioactive compounds including polysac-
charides, fatty acids, proteins, alkaloids, sterols, phenols,
flavonoids, and vitamins [12]. The rhizome of turmeric
is rich in bioactive constituents, especially polyphenolic
compounds known as curcuminoids, which include cur-
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cumin [diferuloylmethane; 1,7-bis-(4-hydroxy-3-methoxy
prenyl)-1,6-heptadiene-3,5-dione)], demethoxycurcumin
and bis-demethoxycurcumin [13]. Curcumin therapeutic
application include anti-inflammatory, antioxidant, anti-
diabetic, hepatoprotective, antibacterial, and anticancer
effects against various cancers [14-17]. The aim of this
study is to show the effect of turmeric and purslane in-
dividually and their combination on rheumatoid arthritis
using rat models, by assessing their impact on inflamma-
tion through immunological markers, also to provide their
insights into their potential impact as RA therapy.

2. Materials and methods
2.1. Preparation of turmeric and purslane extract
2.1.1. Turmeric extraction

Dried turmeric (Curcuma longa) rhizomes were obtai-
ned from a farm in Halabja, Kurdistan region, Iraq. The
rhizomes were finely ground and subjected to extraction
using 99% ethanol ata 1:10 (w/v) for 24 hours. Ultrasonic-
assisted extraction (UAE) was performed using a sonica-
tor for 60 minutes, following the method outlined [18] ] to
enhance Curcumin yield. The mixture was passed through
Whatman filter paper, and the solvent was removed using
a rotary evaporator set at 40°C. To ensure complete re-
moval of ethanol, the concentrate was incubated at 35°C
for 24 hours. The final extract was transferred into glass
container, sealed tightly, and stored at 4°C in a refrigerator
to protect it from light, moisture, and thermal degradation
until further use.

2.1.2. Purslane extraction

Fresh Purslane leaves and stems were thoroughly
washed and air-dried in a shaded environment at room
temperature. Once completely dried, the plant material
was finely ground and subjected to ethanol-based extrac-
tion using 99% ethanol in a 1:10 (w/v) ratio for 24 hours.
UAE was applied for 60minutes, subsequently solvent
evaporation at 40°C using rotary evaporator. The concen-
trated extract was transferred into glass container, sealed
tightly, and stored at 4°C in a refrigerator to protect it
from light, moisture, and thermal degradation until further
use. Extracts were prepared fresh as needed, with doses
adjusted based on animal body weight.

2.2. Gas Chromatography-Mass Spectrometry (GC-
MS) Analysis

The gas chromatography-mass spectrometry (GC-MS)
analysis of Turmeric (Curcuma longa) and Purslane (Por-
tulaca oleracea) was performed using (GCMS-QP2010
Plus), A 40uL of the samples were diluted to a final vo-
lume of 5 mL with ethanol. The analysis was conducted
using an interCap capillary column (30m, 100% dimethyl-
polysiloxane), anon-polar stationary phase. Two pL was
set as the injection volume, with a split ratio of 2:1 He-
lium was used as the carrier gas at a constant flow rate of
30mL/min. The oven temperature program was initialized
at 70°C and held for 3 min, followed by a temperature
ramp of 25°C/min to the final temperature 200°C, which
was remained for an additional 3minutes the run took 30
min for each analysis. Mass spectra have been recorded
for both samples over an m/z range of 900-50 with an
energy of ev72. The chemical compounds extracted from
the samples were identified by comparing the obtained
mass spectra with those available in the device’s spectral

libraries.

2.3. Study design and sample collection
2.3.1. Animal procedure and preparation for bioassays
Thirty male Wister albino rats (10 weeks old, 250-300
g) were obtained from the house of Cihan University ani-
mal facility, Erbil, Iraq. Animals were housed in standard
plastic cages at a controlled temperature of 25+2°C, un-
der and maintained under 12-hour light/dark cycle, with
unrestricted access to food and water. Before experimen-
tation, animals underwent a 7-days acclimatization period.
All the procedures were followed ethical guidelines for
animal research.

2.3.2. Complete Freund’s Adjuvant (CFA)

Complete Freund’s adjuvant (catalog no. F5881) was
obtained from Sigma-Aldrich (USA). It contained Img of
heat-killed Mycobacterium tuberculosis (strain H37Ra,
ATCC 25177), blended with 0.85ml of paraffin oil and 0.15
ml mannide monooleate. In contrast, incomplete Freund’s
adjuvant (IFA) (F5506) contained only the oil mixture
0.85ml of paraffin oil and 0.15ml of mannide monooleate.

2.3.3. Establishment of CFA-induced rheumatoid ar-
thritis in animal models (rats) and plant extract admi-
nistration

Rats were randomly divided to five experimental
groups (n=5 per group). The control group was injected
with normal saline and left untreated. Rheumatoid arthri-
tis (RA) group arthritis was induced using CFA but left
untreated. Turmeric (Tur) group CFA-induced arthritis rats
treated with turmeric extract (150mg/kg body weight) this
dose have been applied for both curcumin and turmeric
extract as in studies[19-21]. Purslane (Pur) group CFA-
induced arthritis rats were treated with purslane extract
(300mg/kg body weight)[22]. The combination (Pur+Tur)
group CFA-induced arthritis rats treated with turmeric
(150 mg/kg) and purslane (300 mg/kg) extracts, following
previously established protocols. Treatments were admi-
nistered orally and daily for 28 days, starting 3 days after
induction.

Arthritis was induced by subcutaneous injection of
0.ImL CFA into the plantar fascia of the right hind paw,
as described in the previous study [23]. The control group
received an equivalent volume of saline. Visible swelling
and redness were observed within 72 hours, marking suc-
cessful arthritis induction, after which treatment was ini-
tiated.

2.3.4. Anesthesia and blood collection

At the end of the experiment period, rats were anest-
hetized using a combination of xylazine-ketamine as this
combination has been used in previous study [24] approxi-
mately at ratio 1:10. Blood was collected via cardiac punc-
ture from all groups for hematological and immunological
assessment. Blood samples were centrifuged at 3000 rpm
for 15 minutes to isolate the serum, which was aliquoted
and stored at -80°C for later immunological determinati-
ons. For hematological parameters, samples were transfer-
red into EDTA tubes for neutrophil count.

2.4. Assessed parameters
2.4.1. Measurement of body weight and paw swelling
Body weight was recorded three times per week to

23



Purslane and turmeric effects on RA in rats.

Cell. Mol. Biol. 2025, 71(8): 22-29

monitor changes associated with arthritis progression and
treatment effects of the plant extracts, by placing each ani-
mal in container and using sensitive balance. Paw edema
(thickness) of right hind paw was measured using a stan-
dard manual caliper by gently placing the paw between
the caliper jaws and recording the width at thickest point.
Recording paw edema continued three times per week and
started two days after CFA injection until the conclusion
of the experiment.

2.2.4.2. Neutrophil count
2.4.2. Neutrophil count

Collected blood samples in EDTA tubes for neutrophil
counting were processed according to previous study [25].
Neutrophils were counted by using Wright-Giemsa-stai-
ned blood smears at 40x magnification using light micros-
cope.

2.4.3. ELISA for cytokines and biomarkers

Serum concentrations of CD4(ELISA kit, SL1201Ra,
Sunlong, China), CD14( ELISA kit, SL0629Ra, Sunlong,
China), TNF-a (ELISA kit , ELO013Ra, Sunlong, China),
IL-6 (ELISA kit, SLO411Ra, Sunlong, China), IL-1
(ELISA kit, SL0392Ra, Sunlong, China), IL-10 (ELISA
kit, SEAO56Ra, Sunlong, China), Anti cyclic citrullina-
ted peptide (anti-CCP) (ELISA kit, SL1624Ra, Sunlong,
China), and matrix metalloproteinase-1 (MMP-1) (ELISA
kit, SL0O480Ra, Sunlong, China) were measured by using
enzyme-linked immunosorbent assay (ELISA) kits (sand-
wich ELISA) following the manufacturer’s instructions.

2.4.4. Statistical analysis

All statistical analyses were carried out using Graph-
Pad (version: 9). Results are presented as the mean + stan-
dard error mean (SEM). Group differences were evaluated
using One-way ANOVA followed by Tukey’s post hoc test
for multiple comparisons. A p-value of <0.05 was conside-
red statistically significant.

3. Results
3.1. Identification of anti-inflammatory compounds in
purslane and turmeric by GC-MS

Gas chromatography was performed to identify the
bioactive compounds in purslane and turmeric. The ob-
tained chromatograms revealed the presence of several
phytochemicals that known for their anti-inflammatory
properties. Purslane and turmeric extract analysis results
are shown in (Tablel and Table2) along with retention
time (RT), peak area %, and molecular weight of the com-
pounds.

3.2. Biological effects of purslane and turmeric extract
on RA
3.2.1. Paw edema and body weight gain in rats with in-
duced RA

The effect of purslane and turmeric on body weight
gain and paw edema in RA induced rats are shown in Fi-
gure 1. The severity of paw edema peaked during the first
week and progressively decreased in the treatment groups,
the RA group. While the body weight gain was non-signi-
ficantly increased in control, purslane, turmeric and com-
bination groups compared to the RA group as shown in

Table 1. Identification and quantification of compound in turmeric via GC-MS .

SN R.Time PeakArea% Library/ID Molecular weight(g/mol)
1 20.614 5032 (ll,g’lglglif?g:frréi—ri ,li -)dlone, 1,7-bis(4-hydroxy-3-methoxyphenyl)-, 368
2 13.84 4.30 Metronidazole 171
3 20.377 4.57 Flavoxate 391
4 13.614 6.30 Xanthine, 1,3-diallyl-8-[4-carboxymethoxypheny]- 382
20.510 6.50 1-Pyrroline, 2-phenyl- 145

Table 2. Identification and quantification of compound in purslane via GC-MS .

SN R.Time PeakArea% Library/ID Molecular weight(g/mol)
1 5.274 12.49 8,11,14 Eicosatrienoic acid, methyl ester 320
2 7.187 22.53 Linolenic acid, trimethylsilyl ester 350
3 29.864 5.70 9-Octadecenoic acid, ethyl ester 306
4 7.693 4.37 cis-Aconitic anhydride 156
5 29.269 243 Bupropion 239
6 24.224 3.16 Phenol, 4-butoxy-2-[(dimethylamino)methyl]phenol 223

2,6,10,14,19-Eicosapentaenoic acid,
7 8.224 12.88 2,6,11 ,15,19-pentam£thyl-, ethyl ester 400
8 7.310 12.70 9H-Pyrido[3,4-b]indole 212
9 5.135 9.11 1H-Pyrido[2,3-bJindole 168

10 29.893 12.06 Pyrido[3 ,4—b]1ndolre):;lrlr,§1—i((illirrl:;1t)hyl—4-( 1-methyl-2- 279
11 29.269 7.63 beta.-Carboline, 2-methyl- 182
12 7.010 2.6 4H-1-Benzopyran-4-one, 8-methoxy-2-phenyl- 252
13 19425 2.79 2H-1-Benzopyran-4-ol, 3,4-dihydro-2-phenyl- 226
14 19.90 2.47 2H-1-Benzopyran-7-ol, 3,4-dihydro-5-methoxy-2-phenyl- 256




Purslane and turmeric effects on RA in rats.

Cell. Mol. Biol. 2025, 71(8): 22-29

A —————— _"5 - Contrel
.E,“ PP t::_
g 35 K - T
K i =
7 30 = Pur+Ti
: S
525 . T T
W17 T
e“‘ 06!'5 @,“m y *‘Q@\WQ‘#@@@Q&@@"‘J‘”‘
B
E
%
=
=
=
2
=3
@
Comtrdl RA  Pur  Tur Pur+Tur
Fig. 1. The effect of purslane and turmeric extract on body weight

gain and paw edema. A: Reduction of paw edema P= 0.0001, n=5.
The data are expressed in mean = SEM. B: Body weight gain was not
significant .
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Fig. 2. Neutrophil count in RA induced rats and purslane, turmeric,
and combination treatedgroups. A: Significant increase of neutro-
phil count in RA induced rats was reduced significantly by purslane
P<0.0001, turmeric P=0.0026, and combination of purslane and tur-
meric P<0.0001 in rats. B: Shows neutrophils in the blood of rats in
all groups (A) control, (B) RA induced, (C) Purslane, (D) Turmeric,
and (E) Purslane + Turmeric. Arrows indicate neutrophil in the blood.
Magnification 400X.

(Figure.1).

3.2.2. Determination of inflammatory markers in RA in-
duced rats treated with purslane and turmeric and com-
bination of both
3.2.2.1. The anti-inflammatory effect of plant extracts on
Neutrophil count

Neutrophil counts in all groups are.The RA group ex-
hibited a significant increase in neutrophil count (3879 +
123.7 cell/ pL) compared to the control group (2035.76
+ 147.9 cell/uL). Treatment with purslane and turmeric
significantly reduced neutrophil count (2068 + 189.3 cell/
pL and 2285.2 + 194.4 cell/ pL) respectively. A similar re-
duction was observed in the combination treatment group
(2480+ 162.2 cell/ uL) shown in (Figure 2).

3.2.2.2. The anti-inflammatory effect of plant extracts on
serum concentration of anti-CCP

(Figure 3) shows the serum concentration of anti-CCP in
all groups. Serum anti-CCP level was significantly higher
in the RA group (126.4 £ 5.547 U/mL) than in the control
group (90.64 + 6.982 U/mL). Both Purslane and turme-
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Fig. 3. Purslane and curcumin reduced the increased concentration
of anti-CCP in RA induced rats significantly P=0.0002 and P=0.0001
respectively. Ant-CCP was determined using ELISA as described in
materials and methods.
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Fig. 4. Serum concentration MMP-1 among different groups. Al-
though the MMP-1 level were elevated in RA rats and appeared re-

duced in treated groups, differences were statistically non-significant.

ric treatment were significantly reduced anti-CCP levels
(67.32 = 9.48U/mL and 65.53 + 9.03U/mL respectively)
compared to the RA group (126.4 £+ 5.547 U/mL). On the
other hand, combination treatment shows a non-significant
reduction in Anti-CCP level (102.8 = 5.6 U/mL). This may
be due to potential antagonistic interactions, overlapping
mechanisms reaching a saturation point, or pharmacoki-
netic interference reducing bioavailability. Alternatively
greater variability in combination group may have limited
statistical detection of differences.

3.2.2.3. the anti-inflammatory effect of plant extracts on
MMP-1

The serum concentration of MMP-1 in RA group was
(234.6+6.829pg/mL) recorded the higher level compare to
control (209.5 + 15pg/mL) and treatment groups including
purslane, turmeric and combination (184.4 + 24.66pg/mL,
178.3 + 5.49pg/mL, 192.8 £+ 13.42pg/mL, respectively).
Although the results were not significant P>0.05 as shown
in (Figure.4).

3.2.3. Effect of plant extracts on pro-inflammatory and
anti-inflammatory cytokines

The impact of plant extract treatments on cytokine le-
vels was evaluated using ELISA (Figure 3). Pro-inflamma-
tory cytokines (IL-1, IL-6, TNF-a) were significantly ele-
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vated in RA (166.8 £4.597, 111.4 + 1.28, 184.4 +£6.720pg/
mL, P<0.05, respectively) compared to the control group
(142.8 £5.47, 83.64 + 4.93, 170.0 £ 6.40pg/mL, respec-
tively). Treatment with purslane (134.9 £ 9.049, 92.5 +
3.03, 135.5 + 11.25pg/mL), turmeric (136.5 + 2.08, 90.68
+5.186, 147.6 +1.48pg/mL), and their combination (110.8
+ 9.46, 81.03 £ 4.63, 150.4 + 6.61pg/mL) significantly
reduced these pro-inflammatory cytokines. The level of
anti-inflammatory cytokine IL-10 was significantly ele-
vated in RA (108.7 £8.69pg/mL) compared to the control
group (27.78 £3.399pg/mL). Treatment with plant extracts
resulted in a non-significant reduction of IL-10 concentra-
tion compared to the RA group.

3.2.4. Evaluation of CD markers in RA and treated
groups

CD4 and CD14 expression were analyzed to assess cell
involvement in inflammation and treatment effects Figure
6. The RA group demonstrated a significant increase in
CD4 level (1195 + 7.93pg/mL, P<0.05) compared to the
control group (823 + 57.6pg/mL), Treatment with turmeric
and the combination treatment (840.5 + 88.6pg/mL, 907.6
+ 53.27pg/mL) significantly reduced CD4 level P<0.05,
whereas the reduction of CD4 level in the Purslane treat-
ment was not show significant (977.6 + 53.27pg/ mL,
P<0.05).

Although serum level CD14 in the RA group was
elevated (5.032 + 0.178ng/mL) compared to the control
group (4.438 £ 0.1578ng/mL), these differences were not
statistically significant. Similarly, CD14 levels in treat-
ment groups, purslane, turmeric, and combination (4.122
+ 0.3395ng/mL, 4.419+ 0.1616ng/mL, 4.461+ 0.250ng/
mL, respectively) did not show statistically significant
reduction.

4. Discussion

This study investigated the therapeutic effect of
purslane, turmeric and their combination in a rat model of
rheumatoid arthritis. The aim was to determine the anti-
inflammatory effect of these plant extracts. Purslane is the
rich source of omega-3 fatty acid, particularly alpha-lino-
lenic acid (ALA) as found in previous study [26], while
the main components of turmeric including curcumin
and other anti-inflammatory active compounds [27]. In
our investigation, the GC-Ms analysis of (Portulaca ole-
racea) purslane identified several bioactive compounds,
among which linolenic acid and trimethylsilyl, a deriva-
tized form of a-linolenic acid (ALA) omega-3 fatty acid
known for its anti-inflammatory effects. The presence of
ALA in purslane align with previous phytochemical re-
ports and supports its traditional use in managing inflam-
matory conditions such as [28]. Other detected fatty acid
derivatives, including 8,11,14-eicosatrienoic acid methyl
ester further support therapeutic potential of purslane[29,
30]. The GC-MS analysis of (curcuma longa) identified
curcumin (1,6-heptadiene-3,5-dione derivative) as it has
been analyzed in previous study[31], the principal bioac-
tive compound known for its potent anti-inflammatory, an-
tioxidant, and immunomodulatory effects. The detection
of curcumin confirm the efficacy of the extraction method
and supports therapeutic role of turmeric in managing
RA[32].

Phenotypically the animal model used in this study
closely displays RA pathology, as evidenced by signifi-
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Fig. 5. Proinflammatory and anti-inflammatory cytokines, (A) Plant
extract reduced IL-1 level significantly including purslane, turmeric
and combination P<0.0001. (B) Similarly serum IL-6 concentrations.
P=0.0046, (C) as were TNF-a, p=0.0009. (D) The reduction of IL-
10was not significant. The data are expressed in mean £ SEM. p <
0.05 is considered as significant.

Control  RA
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Fig. 6. The effect of purslane and turmeric extract on CD marker ex-
pression. (A) CD4 RA group compare to control increased p=0.001,
reduction in purslane p>0.05, Turmeric p= 0.012 and combination
p=0.008, as for CD14 the results were not significant p>0.05. The
data are expressed in mean = SEM. p < 0.05 is considered as signi-

ficant.

cantly increasing of paw edema which was found to be
the highest during the first week after CFA injection as
indicated in the previous studies [33-35]. However swel-
ling progressively decreased with initiation of giving tre-
atments, indicating that the compounds found in purslane
and turmeric extracts have role in reduction of inflamma-
tory reaction as shown in previous studies [36, 37]. Body
weight gain measured to assess the overall health status of
rats with rheumatoid arthritis and to evaluate the effects
of treatments. The RA group exhibited less weight gain
compared to the control and treated groups, which may be
attributed to reduced food intake as consequences of syste-
mic inflammation and disease-related discomfort. To sup-
port this, food consumption was monitored over 16-hour
period. Healthy rats in the control group as well as treated
groups, were able to consume approximately 160g of food
within this period. In contrast the RA group consistently
consumed noticeably less food under the same conditions.
Due to reduced food intake in the RA group showed less
weight gain compared to the control and treatment group.
Although the body weight gain was not significantly inc-
reased in treatment group, increased movement and food
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intake evidenced the reduction of joint pain in treatment
groups.

Neutrophils are first cells that attracted to the site of
injury and inflammation. Counting neutrophils indicated
that absolute neutrophil count was significantly elevated in
the RA group, reflecting inflammatory response. However
treatment with purslane, turmeric, and their combination
resulted in significant reduction in neutrophil count. Dai
et al.,, 2018 [38], were observed that these plants have
a direct effect on the neutrophil infiltration and pro-in-
flammatory cytokines. Curcumin, in particular, is known
for its potential to modulate neutrophil-mediated inflam-
mation in RA. Matrix metalloproteinase-1 (MMP-1), an
enzyme which is involved in joint degradation, was higher
in the RA group compared to the control and treatment
groups. MMP-1 is a protease enzyme was studied to have
a role in the destruction and degradation of bone and car-
tilage[39]. Anti-cyclic citrullinated peptide (CCP) detec-
tion is one of the newer markers that help diagnosing RA.
The sensitivity of the assay is similar to RF, but it has bet-
ter specificity [40]. Treatment with purslane and turme-
ric significantly reduced the level of anti-CCP, consistent
with previous findings [41, 42]. However the combination
treatment did not result in a significant reduction of anti-
CCP level. The results of the current study revealed that
the pro-inflammatory cytokines (IL-1, IL-6, TNF-a) were
significantly elevated in the RA, and elevated those pro-
inflammatory cytokines cause remarkable effects on the
IGF-1/Akt and NF-xB pathways, IGF-1/Akt is crucial for
protein synthesis [43]. They also involved in muscle atro-
phy by acting on nuclear factor-xB, p38MAPK, and JAK/
STAT pathways through the corresponding receptors [44].
Cytokines, including (IL-1, IL-6, IL-10, TNF-a) play cru-
cial roles in inflammatory response [45, 46]. On the other
hand, treatment of RA induced rats with purslane and tur-
meric were significantly reduced these cytokines, except
for IL-10 which was increased, suggesting that these plant
extracts exert anti-inflammatory effects by modulating
cytokine production and release. The anti-inflammatory
potential of purslane has been well established in the pre-
vious studies [28, 47], and curcumin has been reported in
inhibit the activation of PI3K/AKT signaling pathway and
inhibiting expression of pro-inflammatory cytokine [48,
49]. Interestingly, the anti-inflammatory cytokine IL-10
was significantly elevated in both the RA and treatment
groups, compared to the control group. Similar findings
have been reported in previous studies, where higher IL-
10 level were associated with increased seropositivity for
rheumatoid factor (FR) and anti-CCP antibodies [50]. The
present study shows a significant increase in CD4 level in
the RA group compared to the control group, supporting
the role of T-cell activation in RA pathogenesis. Treatment
with turmeric and their combination significantly reduced
CD4 levels, suggesting that turmeric extract, particularly
curcumin, plays a more effective role in immune modula-
tion. A study by Rahimi et al., 2019 [51] has documented
curcumin’s potential to target T-cell as it acts as an im-
munomodulator. Additionally, curcumin has been shown
to inhibit cell proliferation, differentiation, and cytokine
production, and resulting in CD2/CD3/CD28-initiated
CD4 T cell activation suppression [52]. CD14 monocyte/
macrophage marker involved in innate immune signaling
and bacterial recognition compounds, contribute to syno-
vial inflammation in rheumatoid arthritis. However, CD14

levels did not show a statistically significant reduction
in the treatment groups. Further studies are necessary to
determine the factors influencing CD14 expression in RA
and the potential effects of plant-based treatments.

In conclusion the administration of purslane (Portulaca
oleracea) and turmeric (curcuma longa) extract resulted in
significant effect on key biomarkers of theumatoid arthritis
in rat model induced by Complete Freund’s Adjuvant. The
results demonstrated that bioactive compounds in these
plants are able to reduce pro-inflammatory cytokines, paw
edema, Anti-cyclic citrullinated peptide (CCP) and CD4,
suggesting the potential role of purslane and turmeric in
managing RA.
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