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Abstract: Background: Rheumatoid arthritis is a chronic autoimmune disorder that causes severe pain and inflammation 

that gradually destroys joints. Objectives: Tetrahydropyrimidine-5-carboxylate (THP) has been investigated for its anti-

inflammatory and anti-arthritic effects using both in vitro and in vivo approaches. Methods: In vitro anti-inflammatory 

activity of THP was assessed using protein denaturation and membrane stabilization assays at various concentrations. For 

in vivo anti-inflammatory activity, carrageenan-induced paw edema and xylene-induced ear edema models were performed 

in rats. For anti-arthritic potential, all rats except normal control group, were given an injection of Complete Freund's 

Adjuvant (CFA; 0.15 mL) into the left hind paw on day one. Treatment with THP at 25, 50 and 100 mg/kg was started 

orally from 8th day till 28th day. Methotrexate (1 mg/kg) was the standard treatment; the normal and disease groups received 

vehicle. The effects of treatment on body weight, paw edema, pain, blood chemistry, neurotransmitters and oxidative stress 

biomarkers were assessed. Results: THP exhibited significant In-vitro and in-vivo anti-inflammatory potential in dose 

dependent manner. THP (25-100mg/kg) treatment significantly decreased paw edema, arthritic index and pain, while 

restoring body weight, muscular strength, oxidative stress biomarkers and blood parameters in treated rats compared with 

the disease control. Treatment with THP notably modulated the mRNA expression of RANKL, OPG, MMP-13, COX-2, 

TNF-α, IL-6 and IL-4 compared with disease control, as evidenced by histology of the ankle joint of treated rats. THP-

treated rats exhibited higher levels of serotonin and noradrenaline in sciatic nerve homogenates. Conclusion: The results 

showed that THP had significant dose-dependent anti-inflammatory, anti-arthritic, antioxidant and analgesic effects, 

suggesting that it could be a safe therapy for inflammatory and arthritic diseases, as it showed an LD50 > 2000mg/kg. 
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INTRODUCTION 

 

Rheumatoid arthritis (RA) is a chronic, systemic 

autoimmune disorder characterized by persistent synovial 

inflammation, progressive cartilage degradation and 

irreversible bone erosion. The disease predominantly 

affects small joints, particularly those of the hands, feet and 

wrists, leading to pain, stiffness and functional disability 

(Mehmood et al., 2025). Beyond articular manifestations, 

RA is associated with systemic complications and 

psychological comorbidities that markedly impair quality 

of life. The global prevalence of RA is approximately 1%, 

with a higher incidence among females, especially between 

30 and 50 years of age (Misra and rheumatology, 2025). 

Disease susceptibility arises from a complex interplay of 

genetic predisposition, epigenetic modulation, 

environmental triggers and neuroendocrine alterations 

(Venetsanopoulou et al., 2023). 

 

The immunopathogenesis of RA involves dysregulated 

innate and adaptive immune responses. Imbalance in T 

helper cell subsets promotes activation of macrophages, 

monocytes and dendritic cells, resulting in increase 

production of pro-inflammatory cytokines, including 

tumor necrosis factor-alpha (TNF-α), interleukin (IL)-1β, 

IL-6, IL-12 and IL-17 (He et al., 2026). These mediators 

amplify synovial inflammation, stimulate prostaglandin 

synthesis and activate matrix metalloproteinase, ultimately 

driving cartilage destruction and bone erosion. The 

osteoprotegerin (OPG)/receptor activator of nuclear factor 

kappa-B ligand (RANKL) signaling axis further enhances 

osteoclast differentiation and bone resorption (Hu et al., 

2025). Additionally, overexpression of inducible nitric 

oxide synthase (iNOS) in synovial tissues increases nitric 

oxide production, exacerbating oxidative stress and 

inflammatory injury (Hooshmand et al., 2025). 

 

Although substantial therapeutic advancements have been 

achieved, RA remains incurable and necessitates long-term 

pharmacological management. Current treatment strategies 

include disease-modifying anti-rheumatic drugs 

(DMARDs), corticosteroids, biologic agents, anti-TNF 

therapies, immunosuppressants and non-steroidal anti-
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inflammatory drugs (NSAIDs) (Shafiq et al., 2025). 

Despite their clinical benefits, these agents are frequently 

associated with considerable adverse effects, including 

gastrointestinal toxicity, immunosuppression, 

osteoporosis, vital organ damage and increased 

susceptibility to infections (Mehmood et al., 2025). 
 

Heterocyclic compounds containing a pyrimidine nucleus 

have attracted significant interest due to their structural 

diversity and broad spectrum of pharmacological activities 

(Mir and Banik 2025). Pyrimidine derivatives have 

demonstrated anti-inflammatory (Ali et al., 2025), anti-

microbial, anti-viral (Senapathi et al., 2021), anti-oxidant 

(Iqbal et al., 2025), neuroprotective and anti-cancer 

properties (Mir and Banik 2025) largely attributed to their 

ability to modulate key molecular targets. Structural 

modification of the pyrimidine scaffold has been shown to 

enhance biological activity, receptor affinity and 

pharmacokinetic properties; nevertheless, several 

structurally optimized compounds have been reported to 

exhibit anti-arthritic potential (He et al., 2024). 

Tetrahydropyrimidine derivatives remain inadequately 

investigated in validated experimental models. 
 

Ethyl 6-methyl-4-phenyl-2-thioxo-1,2,3,4-

tetrahydropyrimidine-5-carboxylate (THP) is a synthetic 

pyrimidine-based compound with structural features that 

may favor anti-inflammatory (Hegde and Suma, 2024) 

activity; however, its therapeutic efficacy in RA has not yet 

been scientifically evaluated. To the best of our knowledge, 

no previous study has investigated the anti-arthritic effects 

of THP in an adjuvant-induced arthritis model. Therefore, 

the present study was designed to evaluate the anti-

inflammatory and anti-arthritic potential of THP using 

established experimental parameters. The selected doses 

were determined based on previously reported studies of 

structurally related pyrimidine derivatives and were further 

supported by a preliminary study and safety observations 

(Zamaraeva et al., 2025). 
 

MATERIALS AND METHODS 
 

Chemicals 

THP, methotrexate, hydrogen peroxide (H2O2), dextrose, 

pyrogallol, thiobarbituric acid, xylene, egg albumin, 2,2-

diphenyl-1-picrylhydrazyl (DPPH), carrageenan and 

Complete Freund's Adjuvant (CFA), all purchased from 

Sigma-Aldrich, US. A digital Vernier caliper (Aiceyi, 

China), a UV-visible spectrophotometer (Hitachi, Japan) 

and Bio-Rad's CFX96 Real-time polymerase chain 

reaction (qRT-PCR) (USA) were utilized in the present 

research project. 
 

Animals 

36 Wistar rats of either sex weighing 150–180 g were 

purchased from the University of Agriculture, Faisalabad 

and housed in the animal facility of Government College 

University, Faisalabad (GCUF), under standard conditions 

(temperature 25 ± 2 ºC, humidity 65%) with free access to 

water and food. After approval from the Ethics Review 

Committee (ERC no. 631), the in vivo experiment was 

conducted. The study commenced after one week of animal 

acclimatization. 

 

Acute oral toxicity study  

Acute oral toxicity of THP following oral administration 

was investigated according to the OECD-425 guidelines. 

10 healthy Wistar rats were randomly allocated into a 

control group and a test group (n=5). Initially, one animal 

in the test group received a single oral dose of THP at 2000 

mg/kg, whereas animals in the control group received 

distilled water only. The treated rat was carefully observed 

for 48 hours for any signs of toxicity or adverse behavioral 

changes. As no mortality or clinical abnormalities were 

detected, the remaining animals in the test group were 

subsequently administered the same dose and monitored 

similarly (Elsayad et al., 2025). 

  

In-vitro antioxidant assay and anti-inflammatory assays 

DPPH free radical scavenging assay 

To assess the antioxidant potential of THP, the previous 

method was followed. Briefly, a 0.1 mM DPPH solution in 

methanol was prepared and protected from light. Different 

concentrations (10, 25, 50, 100 and 200 µg/mL) were 

prepared by dissolving the test chemical in methanol. As 

the reference standard, ascorbic acid was used. After 

mixing equal amounts (100 µL) of the DPPH solution and 

test sample solution, they were incubated for 30 minutes in 

the dark at room temperature (25 ± 2°C) using methanol as 

the blank control/ A UV-visible spectrophotometer was 

used to quantify the absorbance at 517 nm following 

incubation. The percentage was calculated after taking the 

mean (Saleem et al., 2020). 
 

Inhibition of protein denaturation 

In this test, 0.2 mL of fresh egg albumin, 2.8 mL of 

phosphate-buffered saline (PBS; pH 7.4) and 2 mL of THP 

solution at various concentrations (50, 100, 150, 200 and 

250 µg/mL) made up the reaction mixture. The vehicle 

control was dimethyl sulfoxide (DMSO), while the 

reference standard, piroxicam, was used at various 

concentrations (50-250 µg/mL). For protein denaturation, 

the mixtures were heated to 70°C for 5 minutes after 

incubation at 37 ± 2°C for 15 minutes. A UV-visible 

spectrophotometer was used to measure absorbance at 660 

nm. The mean was used to calculate the percentage of 

inhibition (Saleem et al., 2020). 
 

Human red blood cell membrane (HRBC) assay 

For this test, blood was collected from a healthy volunteer 

who had not used any anti-inflammatory drugs for at least 

2 weeks. To prevent coagulation, the blood was mixed with 

3mL of sterile Alsever's solution. The mixture was 

centrifuged for 10 minutes at room temperature (25 ± 2°C) 

at 3000 rpm. After discarding the supernatant, packed cells 

were thoroughly washed three times with isotonic saline 
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(0.85% NaCl). A 10% v/v suspension of HRBC was 

prepared in isotonic saline. To the reaction mixture, 1 mL 

of THP solution at different concentrations (50, 100, 150, 

200 and 250 µg/mL) was added. Piroxicam was used as a 

standard drug at 50-250 µg/mL concentrations. After 30 

minutes of incubation at 37 ± 2°C, the reaction mixture was 

centrifuged for 10 minutes at 3000 rpm. The absorbance of 

the supernatant was measured at 560nm (Saleem et al., 

2020). 
 

Experimental design for anti-inflammatory activity 

Thirty-six (36) adult Wistar rats (180–220 g) of either sex 

that had been pre-acclimatized were divided randomly into 

6 groups (n=6) (Saleem et al., 2025). The experimental 

groups were arranged as follows: 

Group I (Normal group NG): Distilled water  

Group II (Disease group, DG): Distilled water  

Group III (Standard group): Piroxicam (10 mg/kg) 

Group IV: THP (25 mg/kg) 

Group V: THP (50 mg/kg.) 

Group VI: THP (100 mg/kg) 
 

Carrageenan-induced paw edema 

After 30 minutes of oral treatment as mentioned above, 0.1 

mL of carrageenan (1% w/v) was injected in left hind paw 

of all rats, except the NG (Javed et al., 2023). Paw 

diameters were measured with a Vernier caliper at 1, 2, 4, 

6 and 8 hour of post-carrageenan injection. The percentage 

inhibition of paw edema was calculated. 
 

Xylene-induced ear edema 

Here 6 groups of rats (n=6) was used for this test. Xylene 

was topically applied to one ear of each rat after 30 minutes 

of treatment, as described above. Pentobarbital (40 mg/kg) 

was used to anesthetize the animals before sacrifice. Both 

ears were excised and weighed on a digital balance. 

Percentage inhibition of edema was calculated using the 

formula described previously (Soliman et al., 2023) and 

Saleem et al. (2025). 

Percentage inhibition (%) = [(control-treated)/control] × 

100 
 

In-vivo anti-arthritic activity 

Experimental animal grouping  

Pre-acclimatized 36 rats were randomly assigned to six 

groups (n=6 per group). Group 1 was the normal group 

(NG), whereas Group 2 was the disease group (DG). Both 

were treated with vehicle. Group 3 was the standard group 

and received methotrexate (1mg/kg). THP was given orally 

to groups 4–6 at dosages of 25, 50 and 100 mg/kg 

(Zamaraeva et al., 2025). 
 

CFA induced arthritis  

On day 1, CFA emulsion (0.15 mL) was injected in left 

hind paw of all animals except NG. Treatments were 

initiated orally on day 8, as mentioned above. Paw edema 

and body weight were recorded on day 1, 7, 14, 21 and 28. 

The percentage of edema inhibition was calculated. 

Macroscopic examination of arthritis was also performed 

using a clinical scale from 0 to 4 on days 12, 16, 20, 24 and 

28 (Zhu et al., 2025). 

 

Anti-nociceptive activity 

Hot plate analgesic activity 

The anti-nociceptive effect of THP in CFA- induced 

arthritic rats was assessed using the hot plate test on day 23 

of study period. Rats were placed on a preheated hot plate 

at 55 ± 1 ºC after 1 hour of treatment administration. 

Reaction time (leaping or licking paws) was noted in all 

arthritic rats. A 25-second cut off time was applied to 

prevent thermal injury (Saleem et al., 2025).  

 

Acetic acid-induced writhing activity 

On day 24, 30 minutes after treatment, 0.1 mL of 1% acetic 

acid was administered I.P. to all arthritic rats. After 5–20 

minutes of the acetic acid injection, the number of writhes 

for each rat was counted. The proportion of writhing 

inhibition was then computed (Lee et al., 2020). 

 

Test of muscle strength 

Wire hanging test 

The wire-hanging test was performed to assess muscle 

strength in CFA-induced arthritic rats at day 24 of the study 

period. In arthritis, muscle wasting occurs as the disease 

progresses. The apparatus consisted of stainless-steel wires 

spaced 3 inches apart and mounted horizontally on a 50 cm 

wooden platform. Rats were placed on the grid until the 

wires were grasped by their fore- and hind-paws. Animals 

were then suspended vertically and the hanging time (up to 

30 seconds) was recorded (Shi et al., 2021). 

 

Hematological and biochemical parameters 

After 28 days, anesthesia was given to CFA–induced 

arthritic rats using pentobarbital sodium (40mg/kg 

intraperitoneally) and blood was collected by heart 

puncture for hematological and biochemical analysis. The 

biochemical tests were conducted according to the 

procedure of the commercially available kits (Saleem et al., 

2025). 

 

Histopathology  

Anesthetized animals were sacrificed by cervical 

dislocation. Spleen and thymus were removed from 

arthritic rats. The organs were washed with distilled water, 

cleaned and weighed. For histopathological examination of 

the ankle joint, tissue samples were fixed and stained with 

hematoxylin and eosin (H and E). Histological changes and 

signs of arthritis were evaluated using a photomicroscope 

(Saleem et al., 2025). 
 

Evaluation of oxidation status markers 

To assess the effect of THP on oxidative stress in arthritic 

rats, liver and sciatic nerve tissues were homogenized 

(10% w/v) in PBS under chilled conditions. Homogenates 

were centrifuged at 10,000 rpm for 15 minutes at 4°C and 

supernatants were (Saleem et al., 2023). 
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Superoxide dismutase (SOD) activity was measured using 

the pyrogallol autoxidation method. Absorbance changes 

were recorded at 420 nm. One unit of SOD was defined as 

the amount of enzyme required to inhibit 50% of pyrogallol 

autoxidation (Saleem et al., 2023). Catalase (CAT) activity 

was determined by measuring the decomposition rate of 

H2O2 at 240 nm. Enzyme activity was calculated (Saleem 

et al., 2023). 

 

Malondialdehyde (MDA) level was measured using the 

thiobarbituric acid reactive substances (TBARS) method. 

Homogenates (1 mL) were mixed with 3 mL TBA reagent, 

incubated in a boiling water bath for 15 minutes, cooled 

and centrifuged at 3,000 rpm for 10 minutes. Absorbance 

of the supernatant was recorded at 532 nm (Saleem et al., 

2023). 

 

Estimation of neurotransmitters in sciatic nerve 

Sciatic nerve tissue homogenate (10% w/v) was prepared 

according to earlier method (Mehmood et al., 2025). For 

serotonin level, 0.2 mL of sample was mixed with 0.25 mL 

of O-Phthalaldehyde (OPT) reagent and heated at 100°C 

for 10 minutes. Absorbance was measured at 470 nm. For 

the blank, OPT reagent was replaced with 0.25 mL of 

concentrated HCl (Wróbel et al., 2023). 

 

For noradrenaline level, 0.5 mL of the aqueous phase was 

combined with 0.05 mL HCl (0.4 N) and 0.1 mL EDTA. 

Iodine (0.1 mL) was added, followed by 0.1 mL Na₂CO₃ to 

stop the reaction and acetic acid was then added. The 

mixture was heated to 100°C for 6 minutes, cooled to room 

temperature and the absorbance was recorded. Blank was 

prepared similarly, substituting Na₂CO₃ for iodine to 

correct for background absorbance. Concentrations were 

calculated (Wróbel et al., 2023). 

 

Quantitative assessment of inflammatory mediators  

The qRT-PCR was used to quantify mRNA expression of 

COX-2, RANKL, OPG, iNOS, TNF-α, IL-6, MMP-13 and 

IL-4 in CFA-induced arthritic rats. Following the 

manufacturer's instructions, TRIzol® reagent was used to 

extract total RNA from blood samples. Using a commercial 

reverse transcription kit (Thermo Scientific, USA) and the 

manufacturer's instructions, complementary DNA (cDNA) 

was prepared. SYBR Green Master Mix (Thermo Fisher 

Scientific, USA) was used for quantitative PCR using a 

real-time PCR machine (Bio-Rad, UK). 10 µL of SYBR 

Green master mix, 1 µL of forward and reverse primers, 2 

µL of cDNA template and 6 µL of nuclease-free water 

were all included in each 20 µL reaction mixture. Initial 

denaturation at 95°C for five minutes, forty cycles of 

denaturation at 95°C for fifteen seconds, annealing at the 

ideal primer-specific temperature (55–60°C) for thirty 

seconds and extension at 72°C for thirty seconds comprised 

the thermal cycling conditions. Using GAPDH as the 

internal housekeeping gene, the 2^-ΔΔCt technique was 

employed to quantify relative gene expression. Each 

reaction was executed in triplicate (Javed et al., 2023). The 

primer sequence is shown in table 1. 
 

Statistical analysis 

Data were shown as mean ± SD. Data were evaluated using 

two-way ANOVA (Tukey's post hoc) for paw edema, 

arthritic score, analgesic activity and body weight and one-

way ANOVA (Tukey’s post hoc) for hematological, 

biochemical, immunological organ, oxidative stress and 

inflammatory gene expression. The significance level was 

chosen at p < 0.05 (Saleem et al., 2025). 
 

RESULTS 
 

Acute toxicity study data exhibited that THP at 2000mg/kg 

did not cause any adverse behavioral change and mortality 

Table 1: Sequence of primer (Note: For: Forward; Re: Reverse). 
 

Marker Sequence (5'->3') Re/For 

MMp13 TCCATCCCGAGACCTCATGT For 

  CTCAAAGTGAACCGCAGCAC Re 

RANKL GTACCATGATCGAGGCTGGG For 

  GATAGTCCGCAGGTACGCTC Re 

Cox_2 GGAGCAACCGATGTGGAATTG For 

  GCCGGTATCTGCCTTCATGT Re 

IL-6 GCCCTTCAGGAACAGCTATGA For 

  TGTCAACAACATCAGTCCCAAGA Re 

iNOS CACCACCCTCCTTGTTCAAC For 

  CAATCCACAACTCGCTCCAA Re 

OPG   CGGAAACAGAGAAGCCACGCAA For 

  CTGTCCACCAAAACACTCAGCC Re 

IL-4 ACCCTGTTCTGCTTTCTC For 

  GTTCTCCGTGGTGTTCCT Re 

TNF-α ATGGGCTCCCTCTCATCAGT For 

  GCTTGGTGGTTTGCTACGAC Re 

GAPDH TGCCACTCAGAAGACTGTGG For 

  GGATGCAGGGATGATGTTCT Re 
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till 14days of observations in contrast to normal control. 

Thus LD50 > 200mg/kg for THP. 

 

Anti-oxidant potential 

THP demonstrated a dose-dependent free-radical-

scavenging effect in the DPPH assay. At a concentration of 

1600 µg/mL, THP achieved 69.5 ± 0.69% scavenging 

activity compared to 81.4 ± 0.35% with ascorbic acid 

(positive control). The IC₅₀ values were 58.09 µg/mL (≈ 

240 µM) for THP and 28.94 µg/mL (≈ 163 µM) for 

ascorbic acid, indicating strong antioxidant activity of THP 

(Fig. 1a). 

 

Inhibition of protein denaturation 

THP inhibited protein denaturation in a dose-dependent 

manner. At 250 µg/mL, THP and piroxicam (standard 

drug) showed inhibition of 73.2 ± 0.23% and 83.1 ± 0.34%, 

respectively. The IC₅₀ values were 41.97 µg/mL (≈ 173 

µM) for THP and 32.44 µg/mL (≈ 104 µM) for piroxicam 

(Fig. 1b). 

 

Human red blood cell membrane (HRBC) assay 

THP exhibited significant membrane-stabilizing effects 

compared with piroxicam. At 50 µg/mL, THP achieved 

62.0 ± 0.22% stabilization compared to 71.2 ± 0.23% for 

piroxicam. The IC₅₀ values were 59.33 µg/mL (≈ 245 µM) 

for THP and 19.74 µg/mL (≈ 63 µM) for piroxicam (Fig. 

1c). 

 

Carrageenan-induced paw edema 

Carrageenan injection significantly increased paw 

diameter in the disease group compared to the NG (p < 

0.001). THP treatment reduced paw swelling in a dose-

dependent manner and showed a notable difference 

compared with standard controls. The percentage 

inhibition exhibited by THP differed significantly from 

that of the standard control at the respective hour. At 8 h, 

inhibition was highest with THP 100 mg/kg (58.5 ± 

13.6%), followed by THP 50 mg/kg (54.76 ± 11.1%) and 

THP 25 mg/kg (48.06 ± 8.31%) (Fig. 2a). 

 

Xylene-induced ear edema 

Topical xylene application caused marked ear swelling in 

the disease group. THP therapy reduced edema in a dose-

dependent manner, with THP 100 mg/kg showing the 

greatest inhibition (88.45 ± 2.90%), followed by THP 50 

mg/kg (75.50 ± 3.99%) and THP 25 mg/kg (59.26 ± 

2.05%), in contrast to standard group (54.45 ± 6.75%) (Fig. 

2b). 

 

Effect on body weight in arthritic rats 

CFA injection significantly decreased body weight in 

arthritic rats compared to NG at day 7 (p < 0.0001). From 

day 14-28, body weights in the THP-treated groups and the 

methotrexate group were significantly different from those 

in the disease and normal controls. At day 28, body weight 

in THP 100 mg/kg (128.8 ± 20.23 g), THP 50 mg/kg (124.5 

± 15.15 g) and THP 25 mg/kg (123.8 ± 9.56 g) were 

notably varied from that of the disease group (111.3 ± 8.42 

g) (Fig. 3a). 

 

Effect on paw diameter in CFA-induced arthritic rats 

CFA significantly increased paw diameter in the disease 

group from day 8 onward compared with normal rats. THP 

treatment attenuated paw swelling in a dose-dependent 

manner from day 14-28 as compared to disease and normal 

controls. On day 28, THP 100 mg/kg reduced paw diameter 

to 5.85 ± 0.48 mm, which was significantly (p < 0.0001) 

lower than THP 50 mg/kg (6.14 ± 0.23 mm) and THP 25 

mg/kg (6.16 ± 0.15 mm) (Fig. 3b). 
 

Effect on arthritic scoring 

Disease group rats had the highest arthritic scores 

throughout the study compared with other groups. 

Treatment with THP 25-100 mg/kg and methotrexate 

significantly reduced the arthritic scoring from day 14 to 

28 as compared to disease group. On day 28, the arthritic 

scores were significantly (p < 0.0001) reduced in THP-

treated groups: THP 100 (3.08 ± 0.91), THP 50 (3.31 ± 

0.50) and THP 25 mg/kg (3.65 ± 0.25), as compared to 

disease group (3.94 ± 0.07) (Fig. 3c). 
 

Centrally acting analgesic activity 

In the hot-plate test, the disease group showed a 

significantly shorter latency time (2.50 ± 0.50 s) than the 

NG (14.00 ± 1.0 s), indicating heightened pain sensitivity 

(p < 0.0001). THP treatment significantly improved pain 

response in a dose dependent manner: THP 25 mg/kg (4.67 

± 0.57 s), THP 50 mg/kg (5.67 ± 0.57 s) and THP 100 

mg/kg (8.17 ± 0.76 s). The standard group showed the 

highest latency (10.67 ± 0.57 s), confirming superior 

analgesic efficacy compared with the THP-treated groups 

(Fig. 4a). 
 

Peripherally acting analgesic activity 

Following acetic acid administration in arthritic rats, the 

number of writhes was significantly higher in the disease 

group than in normal rats. Treatment with THP 25-100 

mg/kg notably reduced the percentage of writhing as 

compared to disease, normal and standard controls. 

 

The THP 100 mg/kg group (18.51 ± 0.98%) substantially 

reduced abdominal muscle twitches compared with THP 

25mg/kg- and THP 50 mg/kg-treated rats (Fig. 4b). 

 

Wire hanging test 

The disease group exhibited significantly (p < 0.0001) 

reduced muscle strength and endurance (16.0 ± 2.0 s) 

compared with NG (64.0 ± 1.0 s). THP treatment 

significantly improved muscle strength: at 25 (40.0 ± 1.0 

s), 50 (44.0 ± 1.7 s) and 100 mg/kg (51.0 ± 1.0 s) compared 

with disease control. The standard group demonstrated a 

significant effect compared to the THP-treated groups (Fig. 

4c). 
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Hematological and biochemical parameters 

Hematological parameters were significantly affected by 

CFA inoculation in arthritic rats, but not in normal rats. 

Compared with the NG, the DG had significantly lower Hb 

and RBC levels. Platelet counts were also significantly 

higher in the disease group than in the NG. 

 

As compared with the DG, the treatment groups showed a 

substantial improvement in hematological markers (p < 

0.0001). The restoration effect was notably greater with 

THP at 100 mg/kg than with the 25 and 50 mg/kg treatment 

groups (Figs. 5a-5d). 

  

Additionally, the disease group exhibited the raised levels 

of liver function tests than the normal group. As compared 

with the disease and normal control groups, treatment with 

THP and the standard group markedly improved ALT, 

AST and ALP levels in treated rats. The THP at 100 mg/kg 

significantly (p < 0.0001) restored LFT levels in treated 

arthritic rats compared to THP 25 and 50 mg/kg, whereas 

it did not differ significantly from the standard group (Figs. 

5e-5g). 

  

The urea level in the DG was notably higher than in the 

normal group. However, compared with the DG, THP 100 

mg/kg substantially decreased urea levels (p < 0.0001). The 

urea levels in the THP at 50 (52.67±1.53) and 25 mg/kg 

groups (53.67±1.53) were substantially (p < 0.01–0.0001) 

greater than those of the standard group (Fig. 5h). Serum 

creatinine level in the DG (0.60 ±0.01) was markedly high 

as compared to the standard group (0.49±0.005), NG and 

THP 100mg/kg (0.51±0.010) in treated rats.  

 
 

Fig. 1: In-vitro anti-oxidant. (a) DPPH scavenging assay and anti-inflammatory; (b) Egg albumin denaturation; (c) Human 

Red Blood Cell Membrane (HRBC) assay potential of tetrahydropyrimidine-5-carboxylate (THP). 

 

 

 

Fig. 2:  Effect of tetrahydropyrimidine-5-carboxylate. (a) On carrageenan-induced paw edema; (b) On xylene induced ear 

edema. Values as mean ± S.D (n = 6). Here c: for standard group (Piroxicam:10mg/kg)  
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THP treated rats dose dependently decreased the serum 

creatinine level in arthritic rats. The DG had a higher C-

reactive protein level in contrast to the normal control, 

which was significantly improved by THP treatment. CRP 

levels were significantly (p < 0.01–0.0001) altered in THP 

at 25 mg/kg and 50 mg/kg compared with the NG and DG 

(Figs. 5i-5j). CRP level in THP100 mg/kg was not 

significantly varied from methotrexate treated group. 

 

Effect on immune organs 

Spleen weight was significantly higher in the DG than in 

the DG. THP treatment dose-dependently restored spleen 

weight, with THP 100 mg/kg (1.62 ± 0.054 g) being closest 

to the methotrexate (1.55 ± 0.042g). Similarly, thymus 

weight was reduced in the DG but improved with THP 

treatment, particularly at 100 mg/kg, resulting in 

significant recovery compared with the DG (Figs. 6a-6b). 
 

Oxidation status 

Following a 28-day CFA inoculation study, there was a 

substantial reduction in SOD and CAT activities in the 

liver and sciatic nerve homogenates of the DG compared 

with NG. THP and methotrexate treatment notably restored 

this reduction. 
 

MDA levels in the liver and sciatic nerve of the DG were 

substantially higher than in the NG but were effectively 

lowered by treatment. THP at different doses MDA levels 

were substantially lower (p < 0.0001) than with the DG. 

THP showed dose-dependent effects on oxidative stress 

biomarkers in polyarthritis rats (Figs. 7a-7f). 

 
 

Fig. 3: Effect of THP on (a) body weight, (b) paw diameter and (c) arthritic scoring in CFA-induced arthritic rats. Data 

are presented as mean ± SD (n = 6). Analysis using two-way ANOVA followed by Tukey’s test. a = Normal Group; b = 

Disease Group; c = Standard group treated with Methotrexate (1 mg/kg). 
 

 
 

Fig. 4: Effect of tetrahydropyrimidine-5-carboxylate (THP) on analgesic activity. (a) Hot plate method; (b) Acetic acid 

induced writhing activity; (c) Wire hanging test in CFA-induced arthritic rats. Values as mean ± S.D (n = 6), a: normal; 

b: disease and c for standard control (Methotrexate) 
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Fig. 5: Effects of THP treatment on several biochemical and hematological indicators in arthritic rats. one-way ANOVA 

followed by Tukey’s post hoc test (Note: a for normal, b for disease and c for standard group (methotrexate 1 mg/kg) p < 

0.05–0.0001. (a) RBCs; (b) Total leukocyte counts; (c) Platelet counts; (d) Hemoglobin; (e) Alkaline phosphatase; (f) 

Alanine transaminase; (g) Aspartate aminotransferase; (h) Blood urea; (i) c-reactive protein; (j) Creatinine 
 

 
 

Fig. 6: Effect of tetrahydropyrimidine-5-carboxylate (THP) on the immune organ in arthritic rats. where a, b, and c 

exhibited significance at p < 0.05 as compared to a normal group, b disease group and c standard control (methotrexate 

1mg/kg). (a) Effect on spleen weight; (b) Effect on thymus weight. 
 

 

 
 

Fig. 7: Effect of THP on Oxidative stress indicators in sciatic nerve and liver tissues in arthritic rats; (a) SOD activity in 

sciatic nerve; (b) MDA level in sciatic nerve; (c) CAT activity in sciatic nerve ;(d) SOD activity in liver; (e) MDA level 

in liver; (f) CAT activity in liver. Data presented as mean ± SD (n=6), analyzed by one-way ANOVA and Tukey’s test.  

Here a normal control, b disease control and c standard control. 
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Estimation of neurotransmitters in the sciatic nerve 

The DG showed significantly lower noradrenaline (3.98 ± 

0.45 µM/mg) and serotonin (7.87 ± 1.10 µM/mg) levels 

compared with the normal and standard groups. THP 

treatment significantly restored neurotransmitter levels 

compared to the NG and DG. Treatment with THP restored 

neurotransmitter levels in a dose-dependent manner. THP 

100 mg/kg increased noradrenaline and serotonin levels, 

notably compared with the methotrexate-treated group 

(Figs. 8a-8b). 
 

Effect on mRNA expression 

qRT-PCR results revealed altered expression of an 

inflammatory mediator in DG rats after CFA injection 

compared with normal rats. The DG showed decreased 

mRNA expression of IL-4 and OPG and increased levels 

of COX-2, TNF-α, IL-6, RANKL, MMP-13 and iNOS 

compared with the normal group. IL-4 and OPG expression 

were significantly increased with THP at 25-100 mg/kg, 

compared with NG and DG. Treatment with THP 25-100 

mg/kg noticeably modulated the expression of COX-2, 

TNF-α, IL-6, RANKL and MMP-13 as compared to 

normal and disease controls (Fig. 9). THP downregulating 

effect on COX-2 and MMP-13 was not dose-dependent. 

Based on the COX-2 data, it can be suggested that THP 

exhibited non-linear expression. Treatment with THP at 

25-100mg/kg didn’t significantly downregulate the 

expression of iNOS as compared to DG (Fig. 9). 

 

Effect on histopathological evaluation of the ankle joint 

After CFA inoculation, notable inflammation was 

observed in contrast to normal rats (Fig. 10a), as evidenced 

by histological examination of DG rats (Fig. 10b), unlike 

normal rats, which displayed normal paw histology with no 

pannus formation or bone deterioration. 
 

The DG rats exhibited significant chronic sever 

inflammation, pannus formation and bone erosion, which 

are indicative of arthritis development. Arthritic rats 

treated with THP 25 mg/kg showed moderate infiltration 

and pannus formation, while rats treated with THP 

50mg/kg showed mild infiltration with inflammatory cells 

and pannus formation. Whereas arthritic rats treated with 

THP 100mg/kg exhibited less inflammation, no pannus 

formation and minimal bone erosion, in contrast to disease 

control, as illustrated in fig. 10. 
 

DISCUSSION 

 

Rheumatoid arthritis (RA) is a chronic autoimmune 

disorder (Radu and Bungau, 2021). Current therapies, 

including NSAIDs, DMARDs and biologics, are limited by 

adverse effects, reduced efficacy, poor patient compliance 

and high costs, emphasizing the need for safer and more 

effective treatment options. 

 

In this study, THP was investigated for its anti-oxidant, 

anti-inflammatory, analgesic and anti-arthritic properties 

to evaluate its therapeutic relevance in RA. Moreover, the 

acute toxicity of THP was also studied. 

 

Oxidative stress plays a central role in RA pathogenesis, as 

excessive reactive oxygen species (ROS) damage lipids, 

proteins and nucleic acids, exacerbating inflammation and 

joint destruction (Zamudio-Cuevas et al., 2022). THP 

exhibited significant dose-dependent anti-oxidant activity 

as compared to ascorbic acid, demonstrating substantial 

free radical scavenging. In vitro, THP protected proteins 

from heat-induced denaturation, suggesting the potential to 

prevent autoantigen formation and tissue damage, which 

are central to RA progression. Membrane stabilization 

assay further showed that THP protected erythrocyte 

membranes against hypotonic-induced lysis, suggesting 

preservation of lysosomal membranes and modulation of 

phospholipase activity (Ahmoda et al., 2025).  

 

In-vivo, THP significantly reduced paw edema in the 

carrageenan model, particularly during the prostaglandin-

mediated late phase, suggesting suppression of 

inflammatory mediators, including prostaglandins, 

histamine and serotonin (Zlatanova-Tenisheva and 

Vladimirova, 2025). In the xylene-induced ear edema 

model, which represents neurogenic inflammation 

mediated by Substance P, histamine and kinins, THP 

effectively reduced inflammation, demonstrating 

modulation of both vascular and neurogenic pathways. The 

higher percentage of inhibition in THP may be due to its 

potential to suppress inflammatory mediators and its role 

in reducing vascular permeability. In the CFA-induced 

arthritis model, which closely mimics human RA 

pathophysiology, THP decreased paw edema, improved 

clinical scores and restored body weight, reflecting 

modulation of immune and inflammatory responses during 

chronic disease progression (Saleem et al., 2025). 

 

Pain in RA arises from peripheral inflammation and central 

sensitization. THP demonstrated dose-dependent analgesic 

effects consistent with inhibition of prostaglandin-

mediated pain signaling (Lee et al., 2020). Importantly, 

THP restored altered neurotransmitter levels in the sciatic 

nerve, suggesting a mechanistic link between 

neurotransmitter modulation and neuropathic pain relief, 

addressing the reviewer’s concern regarding the biological 

relevance of these measurements (Petroianu et al., 2023). 

 

THP improved hematological parameters, including RBC 

count, hemoglobin and platelet levels, indicating 

normalization of hematopoiesis. Liver enzymes were 

reduced, suggesting hepatoprotective effects, while renal 

markers remained unaffected, confirming renal safety 

(Saleem et al., 2023). CFA-induced oxidative stress was 

evident from reduced SOD and CAT activity and elevated 

MDA levels. THP restored these parameters, indicating 

ROS scavenging and lipid peroxidation inhibition (Qi et 

al., 2026). 
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THP downregulated TNF-α, IL-6, COX-2 and upregulated 

IL-4, restoring the balance between pro- and anti-

inflammatory signaling (Javed et al., 2023). The RANKL, 

OPG and MMP-13 are critical regulators of osteoclast 

activity and extracellular matrix degradation (Patrão et al., 

2026; Zhang et al., 2026) which were notably modulated 

by THP, suggesting protection against bone erosion and 

joint destruction by THP in arthritic rats as reported in 

previous study in which RANKL and OPG were modulated 

in blood sample of arthritic rats by gingerol nanoparticles 

(Siddique et al., 2024).These markers are largely engaged 

in bone remodeling in the joint microenvironment, earlier 

research indicates that circulating immune cells play a 

substantial role in systemic RANKL/OPG expression 

during inflammatory and arthritic diseases. Peripheral 

blood mononuclear cells are known producers of RANKL 

and OPG, indicating systemic inflammation linked with 

joint diseases.  

 
 

Fig. 8: Effect of Tetrahydropyrimidine-5-carboxylate (THP) on neurotransmitters (a) Noradrenaline level and (b) 

serotonin level in Sciatic Nerve in arthritic rats, where a, b, and c exhibited significance at p < 0.05 as compared to the 

disease, standard, and normal groups 
 

 
 

Fig. 9: Effect of THP on gene expression in arthritic rats. (a) IL-4; (b) RANKL; (c) MMP13; (d) TN-α; (e) IL-6; (f) COX-

2; (g) iNOS; (h) OPG. Data were presented as mean ± SD (n = 6). Statistical analysis was performed using one-way 

ANOVA followed by Tukey’s test. Here, a Normal group, b Disease group and c Standard group. 
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As a result, measuring mRNA expression in the blood 

sheds light on systemic RANKL/OPG axis regulation as in 

present study (Zhang et al., 2026). 

 

Some measures appeared superior to standard therapy, 

though caution is warranted due to limitations of 

preclinical models. Furthermore, it is important to exercise 

caution when interpreting comparisons with standard 

medicine, as variations in trial design, dosages and 

outcomes make it impossible to draw firm conclusions 

about superiority or equivalence. Additional controlled 

research is needed to confirm these results. Blood-based 

gene expression analysis is not a substitute for tissue-

specific gene expression analysis, which is a limitation of 

our study. Other study limitations include the absence of 

protein-level verification, lack of pharmacokinetic and 

long-term toxicity data and minimal sex-specific analyses. 

Despite these, THP’s combined antioxidant, anti-

inflammatory, analgesic and bone-protective properties 

highlight its potential as a candidate for RA therapy, 

meriting further translational investigation. It is important 

to recognize a number of limitations despite the 

encouraging outcomes. First, the results may not be fully 

applicable to human arthritis, as the study was conducted 

in rats with CFA-induced arthritis. Second, a thorough 

knowledge of THP's processes was limited, as only certain 

inflammatory, bone-related and neurochemical indicators 

were evaluated. Third, long-term safety and effectiveness 

have not yet been assessed because the testing period was 

limited to 28 days. Finally, the interpretation of THP's full 

therapeutic potential may be limited because other 

measures did not show substantial improvement. To further 

corroborate these findings, additional research using 

clinical models, longer treatment durations and more 

indicators is necessary. 

 

CONCLUSION 

 

THP showed anti-oxidant, anti-inflammatory, analgesic 

and anti-arthritic effects in preclinical models of RA by 

modulating oxidative stress, hematological and 

biochemical mediators, neurotransmitter levels, 

inflammatory mediators and joint-related markers such as 

RANKL/OPG. Moreover, THP was safe in acute use, with 

an LD50 > 2000mg/kg. These results are promising but 

remain associative. Further studies on safety, 

pharmacokinetics and mechanistic validation are required 

before considering potential therapeutic applications in 

humans. 
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Fig. 10 Effect of Tetrahydropyrimidine-5-carboxylate on the ankle joints of CFA-induced arthritic rats. (a) Normal group; 

(B) Disease group; (C) Methotrexate 1mg/kg; (D) THP 25 mg/kg; (E) THP 50mg/kg; (F) THP 100mg/kg. The star 

represents pannus formation, the triangle represents inflammation, the arrows represent infiltration and the rectangle 

represents erosive bone. 
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