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Departmentof Oral fects and optimizes therapy. This study sought to compare the hematological and immunological impacts of intra-articular

Naproxen sodium and glutathione (GSH) in an arthritis rabbit model. Twelve adult male rabbits (2.5-3.5 kg weight), were
placed in separate cages under standard conditions and divided into 4 groups (3 each). The positive control group (PCG) was
given intra-articular (IA) bovine serum albumin (BSA), the negative control group (NCG) was given IA normal saline, the GSH
group was given IA BSA with GSH for three days, and the Naproxen group was given IA BSA with Naproxen for three days.
Blood samples were collected from the lateral saphenous vein and marginal ear vein at day seven post treatment with BSA into
plain tubes to separate serum for the rheumatoid factor (RF) test. The second collection of blood fraction was used for blood
indices, including RBCs (red blood cells), Hb (hemoglobin), HCT (hematocrit), MCV (mean corpuscular volume), MCH (mean
corpuscular hemoglobin), MCHC (mean corpuscular hemoglobin concentration), RDWCV (red cell distribution width — coeffi-
cient of variation). The Naproxen group showed the highest RBCs (6.4 + 0.2), Hb (14.2 + 0.4), and MCHC (33.6 + 0.5), while
also demonstrating elevated MCH (22.3 + 0.6) and maintaining HCT levels (42.1 + 1.0). The GSH group demonstrated the
lowest levels of these parameters. Regarding WBCs, the GSH group showed the highest value in WBCs (10.5 + 1.64), com-
pared to the positive control (P = 0.003), negative control (P = 0.021), and Naproxen groups (P < 0.001). The Naproxen group
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en). The results confirmed significant improvement in WBC count in the glutathione group compared to the Naproxen group.
This study concluded that an intra-articular glutathione injection may alleviate arthritis. Yet, further investigation is required to
better understand the role of glutathione role in the healing course of arthritis.
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ach, providing direct drug delivery to the joint involved, while mini-
sing systemic exposure and concurrent side effects (Evans, 2005; Bu-
toescu et al., 2009; Jones et al., 2019). For pain relief, a non-steroidal
anti-inflammatory drug (NSAID)is given, most commonly Naproxen,

Introduction

Rheumatoid arthritis (RA) is a common chronic inflammatory
disorder (Matloob et al., 2024), with a global prevalence rate of ap-

proximately 1%, and imposing extensive socioeconomic burdens on
healthcare systems (Finckh et al., 2022). Patients present with perma-
nent synovial inflammation, contineous joint damage, and systemic
symptoms. RA mainly affects synovial joints, with the knee joint
being the most affected site (Conran et al., 2023).

The pathophysiology of RA involves a complex interaction of in-
flammation and oxidative stress (Kaur et al., 2021). Pro-inflammatory
cytokines involved mainly include tumor necrosis factor-alpha (TNF-
a), interleukin-1pB (IL-1p), and interleukin-6 (IL-6), which directs the
inflammatory reaction leading to synovial hyperplasia, cartilage deg-
radation, and bone erosion (Pretorius et al., 2017). Moreover, the
oxidative stress directs RA progression, leading to excessive formati-
on of reactive oxygen species (ROS) and exhauastion of antioxidant
system leading to tissue damage and propagation of the immune
response (Zamudio-Cuevas et al., 2022).

Auvailable treatment approaches for RA include a spectrum of in-
terventions, varying from disease-modifying antirheumatic drugs
(DMARD:) to hiological agents and synthetic DMARDs (Smolen
etal.,, 2020; Prasad et al., 2023). Nonetheless, systemic use of these
drugs often presents limitations, including suboptimal drug concentra-
tions at target sites, systemic side effects, and distinct therapeutic res-
ponses (Donahue et al., 2008; Khanna et al., 2021; Brown et al.,
2024). Therefore, intra-articular injection seems an attractive appro-

with anti-inflammatory activity (Parolini, 2020). Recently, glutathione
has been administered to tackle oxidative stress, providing an adju-
vant therapeutic role in the treatment of RA (Fonseca et al.,, 2019;
Bilski & Nuszkiewicz, 2025).

For patients living with RA, the daily joint inflammation is most
often treated with oral therapy which travels through the entire body
en route to the inflamed joints, with unwanted side effects in the non-
target areas. With this in mind, it is worth considering intra-articular
injection to protect the body organs from unwanted side effects. The
present study was designed to investigate the efficacy and hematolog-
ical deficit associated with Naproxen and glutathione using a rabbit
model for RA.

Materials and methods

Twelve adult White New Zealand male rabbits have been used
weighing 2.5-3.5 kg. The animals were obtained from animal house
in the College of Veterinary Medicine, University of Mosul, Mosul,
Irag. The rabbits were placed in separate cages at a room temperature
of about 25 + 2 °C. Food and water provided ad libitum. After two
week of acclimatization, the animals were randomly divided into four
groups (3 animals each) according to the following regimen:
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— Group 1: animals injected with BSA intra-articular in the knee
joint to induce rheumatoid arthritis at dose of 10 mg/mL (positive
control) for three days;

— Group 2: animals injected with normal saline 1 mL intra-articu-
lar in the knee joint (negative control) for three days;

— Group 3: animals injected with BSA intra-articular in the knee
joint to induce rheumatoid arthritis then treated with glutathione using
a 30 °G needle at dose 20 mg/kg for three days;

— Group 4: animals injected with BSA intra-articular in the knee
joint to induce rheumatoid arthritis then treated with Naproxen using
a 30 °G needle at dose 100 mg/kg for three days.
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Fig. 1. Study design of the positive, negative control,
and experimental rabbits used in the present research:
black circle — BSA, blue circle —normal saline,
grey circle — GSH (glutathione), red circle — Naproxen

Blood samples were collected from lateral saphenous vein and
marginal ear vein at day seven post treatment with BSA into plain tu-
bes to separate serum for the rheumatoid factor (RF) test.

The second collection of blood was taken at day 7 post treatment
with glutathione and Naproxen in EDTA tubes and in plain tubes for
a complete blood picture (CBC) and RF test. The rabbits were eu-
thanized according to the guide lines of the ACUC.

The CBC was performed using a CBC analyzer (Genotek, USA)
while the RF Test was performed using an RF kit (BioSystems,
Spain).

The experiment was conducted according to the guidelines and
approval of the Animal Care and Use Committee (ACUC) of Alnoor
University College (ALN.U.C/AUP-R0002, Mosul, Iraq).

Results were stated as mean and standard deviation (mean + SD).
The data were analyzed using ANOVA (one-way analysis of vari-
ance) and performed by Minitab18 program and SigmaPlot 12.5.
Tukey’s test was used as a method to relate the significance level bet-
ween the groups. Significance level was accepted at probability value
of P<0.05.

Results

The hematological results revealed distinct findings over the four
groups, the Naproxen group showed the highest RBCs (6.4 + 0.2), Hb
(14.2 £ 0.4), and MCHC (33.6 £+ 0.5), while it also demonstrated
elevated MCH (22.3 + 0.6) and maintained HCT levels (42.1 + 1.0).
Conversely, the GSH group demonstrated the lowest levels of these
parameters including RBC (5.8 + 0.1), Hb (12.7 + 0.4), and HCT
(39.3 £ 1.0). Nonetheless, this group still revealed the highest MCV
(67.4 + 1.3). The negative control group showed intermediate to high
values, particularly excelling in HCT (42.5 + 1.4) and RDWCV (14.2
+ 0.6), while the positive control group demonstrated moderate pa-
rameters with the lowest MCV (65.2 + 0.8) and RDWCV (13.5+ 0.1,
Table 1).

Table 1
The hematological parameters in the rabbits
treated with Naproxen versus glutathione

Positive Negative Glutathione Naproxen
Parameters
control group ~ control group group group

RBC, 10%/uL 6.1+0.2% 6.3+0.12 5.8+0.1° 6.4+0.22
Hb, g/dL 131+0.2° 138+0.32 127 +040 142 +042
HCT, % 395+05P 425+142 393+10° 421+102
MCV, fL 65.2+0.8° 673+1.22 674+13% 661+09%
MCH, pg 214+03> 218+02% 219+06® 223+06°
MCHC, g/dL 329+0.1¢ 323+03° 323+04° 336+05°
RDWCV, % 135+0.1° 142+06* 139+0J1® 138+03%

Note: the data expressed as mean and standard deviation for each group; diffe-
rent letters indicate significant differences at P value less than 0.05 using
ANOVA with posthoc Tukey test; GSH — glutathione, RBC — red blood cells,
Hb — hemoglobin, HCT — hematocrit, MCV — mean corpuscular volume,
MCH — mean corpuscular hemoglobin, MCHC — mean corpuscular hemoglo-
bin concentration, RDWCV — red cell distribution width — coefficient of varia-
tion.

The WBCs results revealed variations between the four treatment
groups. The GSH group showed the highest value for WBCs (10.5 +
1.6), compared to the positive control (P = 0.003), negative control
(P =0.021), and Naproxen group (P < 0.001). MON levels (17.2 £
1.5) were markedly elevated in the GSH group compared to the posi-
tive control group, alongside reduced GRAN (13.5 + 2.8) compared
to both negative control and Naproxen group. The Naproxen group
demonstrated the lowest total WBC count (5.7 + 1.0) and markedly
reduced lymphocyte percentage (55.9 + 6.1) compared to all other
treatment groups. This lymphocyte suppression was significant com-
pared to positive control (P = 0.008), negative control (P = 0.011),
and glutathione groups (P = 0.002). The negative control demonstrat-
ed slight elevation in WBC (8.4 + 0.8) and the lymphocyte percent-
ages in both control groups were in the upper 60s range (Table 2).

Table 2
Leukocytes in the rabbits treated with Naproxen versus glutathione

Positive Negative Glutathione Naproxen
Parameters
control group  control group group group
WBC 7.5+0.54c 8.4+0.78¢c 105+164a  5.7+0.95b
LYM 678+237b  6808+39a  69.1+426a 55.9+6.08ab
MON 145+25b 165+0.73a  17.2#146a 15.95+0.47b
GRAN 178+1.02a  1545+3.3%a 1348+283b 17.9+0.3a

Note: data expressed as mean and standard deviation for each group; different
letters indicate significant differences at P-value less than 0.05 using ANOVA
with posthoc Tukey test; WBC — white blood cells, LYM — lymphocytes,
MON — monocytes, GRAN — granulocytes.

The platelets count revealed marked variations in the four treat-
ment groups, with the positive control group demonstrating signifi-
cantly lower platelet level, at 424.8 + 47.6, than all other groups.
The negative control group demonstrated the highest platelet level at
666.8 + 94.6, and the level in the Naproxen group was 640.3 + 58.4
and in the glutathione group 604.5 + 48.0 (Table 3).

Table 3
The platelet counts in the rabbits
treated with Naproxen versus glutathione

Positive Negative Glutathione Naproxen
Parameter
control group ~ control group group group
PLT 4248 +476° 6668+946° 6045+480° 640.3+584°

Note: data expressed as mean and standard deviation for each group; different
letters indicate significant differences at P-value less than 0.05 using ANOVA
with posthoc Tukey test; PLT — platelets.

The positive control group reported significantly elevated rheu-
matoid factor (24.0 + 13.5) levels compared to the other treatment
groups (P < 0.001 for negative control and glutathione, P = 0.002 for
Naproxen). The negative control and glutathione groups demonstra-
ted a non-detectable rheumatoid factor (0.00 + 0.00, Table 4).
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Table 4
The serum rheumatoid factor
in the rabbits treated with Naproxen versus glutathione

Positive Negative Glutathione Naproxen
Parameter
control group  control group group group
RF 240+135* 1.00+0.001° 0.001+0.001° 5.75+048°

Note: data expressed as mean and standard deviation for each group; different
letters indicate significant differences at P-value less than 0.05 using ANOVA
with posthoc Tukey test; RF — rheumatoid factor.

Discussion

The Naproxen group demonstrated the most positive hematologi-
cal parameters, including superior RBCs counts, Hb concentrations,
and MCHC values that exceeded those of both control and GSH
groups. A study conducted by Ogidi et al. (2020) confirmed similar
hematological alteration by different NSAIDs, with marked reduc-
tions in PCV, RBCs, and Hb in different treatment groups, reflecting
the fact that these drugs induce subclinical anemia. Interestingly,
some NSAIDs (Indomethacin, Celecoxib, Aspirin, and Diclofenac)
demonstrated increased Hb levels, via boosted bone marrow activity
or enhanced heme biosynthesis (Ogidi et al., 2020). Similarly, in a
study by Darwish & Eldakroury (2020), the administration of Dipy-
rone, and Meloxicam to sheep caused transient macrocytic hypo-
chromic anemia at day 3 after therapy, confirmed by reductions in
RBC count, Hb, PCV, MCH, and MCHC.

Conversely, Ibuprofen reduced RBC count with concurrent re-
duction MCHC in a fish model, with paradoxical increase in Hb,
HCT, MCV, and MCH, which has been explained by the argument
that fish are trying to compensate for the reduced RBCs by increasing
Hb to meet the tissue oxygen demands. Moreover, lbuprofen in-
creased MCV and MCH in fish due to increased release of immature
reticulocytes in an attempt to compensate for tissue anemia stress (Sa-
ravanan et al., 2012). Moreover, low doses of Diclofenac administe-
red to fish resulted in increased RBC and HCT, suggesting that Diclo-
fenac may initially promote compensatory erythropoiesis or cause
hemoconcentration as an adaptive mechanism. Conversely, high do-
ses of Diclofenac resulted in decreased Hb with normal RBC and
HCT levels. This could be explained in the light that Diclofenac at
high dose may interrupt Hb degradation leading to hypochromic
anemia. Nevetheless, in either doses the MCV, MCH, and MCHC
were unchanged, suggesting that the stability of these parameters is
related to the fact that Diclofenac does not necessarily alter the size or
Hb content per cell, and hence these changes in total Hb are more
likely due to altered synthesis rates rather than changes in cellular
morphology or maturation patterns (Ribas et al., 2015). Testing the
impacts of Flunixin, Metacam and Carprofen on the blood indices re-
vealed mild suppression of RBCs, Hb, and HCT in all treated group,
hence triggering reticulocytosis (Dobre et al., 2019).

This enhancement in RBC indices suggests that Naproxen may
have unanticipated effects on erythropoiesis and RBC maturation (Pa-
rolini, 2020). The glutathione treatment was associated with the lo-
west RBC counts, Hb concentrations, and HCT values compared to
other groups. These results confirmed that glutathione antioxidant re-
sults in erythropoiesis and plays a role in preserving RBC's membrane
integrity and cellular function. However, elevated MCV observed in
this group suggests possible alterations in RBC shape or developmen-
tal deficits. Perhaps this could potentially related to the antioxidant
protection provided by glutathione (Bilski & Nuszkiewicz, 2025).

In the GSH group WBC increased compared to the positive or
negative control groups or the Naproxen group, reflecting the fact that
GSH triggered immune system stimulation. GSH has selectively in-
creased MON and LYM levels alongside reduced GRAN. In contrast,
Naproxen treatment induced a reduction in WBC counts, which
aligns with Naproxen’s mechanism of inhibition of COX enzymes
and subsequent reduction of inflammatory markers release. The diffe-
rent NSAIDs have distinictive impacts on WBC counts — with mar-
ked reduction in the Piroxicam, Celecoxib, and Aspirin groups, but
increases in the Diclofenac, Ibuprofen, and Indomethacin groups —

suggesting distinctive mechanisms of hematological toxicity that may
be associated with hematopoietic deficits (Ogidi et al., 2020). Moreo-
ver, Gomaa (2018) demonstrated complex immune responses to
NSAID, the maintenance of total WBC counts despite alteration in
the WBCs’ subpopulation in all tested NSAIDs (Diclofenac, Ibu-
profen, and Paracetamol), indicating that NSAIDs induced alteration
in distinictive lineages rather than complete bone marrow suppression
(Gomaa, 2018). In the study by Darwish & Eldakroury (2020), the
administration of Dipyrone, and Meloxicam to sheep demonstrated
alterations in blood indices, they caused leukocytopenia and neutro-
penia at day 3 after commencing therapy, suggesting a suppressive ef-
fect on granulopoiesis, possibly mediated through cytokine inhibition
or direct toxic effects on myeloid cells (Darwish & Eldakroury,
2020). Ibuprofen increased WBC count in fish, presumably in an at-
tempt to protect against the Ibuprofen pharmaceutical toxicant, which
was continued during the exposure period (Saravanan et al., 2012).
Low and high doses of Diclofenac resulted in decreased WBC levels,
perhaps resulting in interference with innate immune and adaptive
immune responses (Ribas et al., 2015). Testing the impacts of Fluni-
xin, Metacam and Carprofen on the WBC revealed neutrophilia with
relative lymphocytopenia in all treated group, hence triggering direct
immunomodulatory effects (Dobre et al., 2019).

Compared to the positive control group, both Naproxen and GSH
preserved PLT, which suggests that neither treatment intervention
adversely affects platelet homeostasis. Naproxen affects PLT function
rather than PLT number, indicating preserved megakaryocyte activity
and thrombopoiesis despite cyclooxygenase inhibition. The antioxi-
dant properties of glutathione may contribute to enhanced platelet
survival by protecting these cells from oxidative damage during circu-
lation. Ketoprofen has induced marked thrombocytopenia, through
Ketoprofen-induced lactic dehydrogenase inhibition in platelets (Razi
et al., 2014). Ibuprofen has shown suppression of platelets (De La
Cruz et al., 2010). Moreover, Mannava et al., (2019) found that one
week of treatment with Naproxen reduced the PLT concentration in
the leukocyte-rich platelet-rich plasma samples. In a systematic re-
view, it has been concluded that patients treated with Ibuprofen or In-
domethacin demonstrated decreased PLT aggregation but no change
in PLT count and similarly, treatment with Meloxicam caused a non-
significant change in PLT count (Kao et al., 2022).

The results confirmed undetectable RF levels in the GSH group
and reduction in the Naproxen group, reflecting the suppression of
immune response and effective restoration of immune homeostasis to
baseline values. This could be explained by the possibility that GSH
may perpetuate the oxidative stress cascades that perpetuate autoim-
mune inflammation. Moreover, GSH directly suppresses the produc-
tion of RF via suppression of plasma cells due to redox-regulating
inflammatory signaling pathways, including NF-xB and AP-1 (Rah-
man, 2000). The incomplete RF suppression noticed in the Naproxen
group, reflecting important but incomplete immune suppression, sug-
gests that while Naproxen reduces inflammatory activity, residual im-
mune processes remain active (Ceuppens et al., 1986; Cicala et al.,
2000). This could be explained in the context of Naproxen's mecha-
nism of action of blocking prostaglandin synthesis and interrupting in-
flammatory cascades, highlighting the fact that alternative pathways
continue to drive immune reactions (Saper et al., 2012; Bashir et al.,
2024). In contrast, GSH provided a wider immune response suppres-
sion at multiple levels due to redox-sensitive transcription factors,
reflecting the superior nature of GSH anti-inflammatory effects (Lei
etal., 2015; Diotallevi et al., 2017; Silvagno et al., 2020).

Conclusion

This study concluded that intra-articular Naproxen versus gluta-
thione has shown distinct blood indices in the rheumatoid arthritis
model. Naproxen demonstrated superior blood indices and superior
immunosuppressive effects, while GSH demonstrated lower blood
indices and superior WBC. However, both treated groups maintained
normal PLT counts and demonstrated complete suppression of rheu-
matoid factor levels. These findings indicate that Naproxen offers
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anti-inflammatory effects, while glutathione offers a more balanced
immune response.

The authors are grateful to the Animal House staff of Alnoor University Col-
lege and management for their valuable assistance.

The authors declare that there is no, conflict of interest.

References

Bashir, U., Singh, G., & Bhatia, A. (2024). Rheumatoid arthritis — recent ad-
vances in pathogenesis and the anti-inflammatory effect of plant-derived
COX inhibitors. Naunyn-Schmiedeberg’s Archives of Pharmacology,
397(8), 5363-5385.

Bilski, R., & Nuszkiewicz, J. (2025). Antioxidant therapies as emerging ad-
juncts in rheumatoid arthritis: Targeting oxidative stress to enhance treat-
ment outcomes. International Journal of Molecular Sciences, 26(7), 2873.

Brown, P., Pratt, A. G., & Hyrich, K. L. (2024). Therapeutic advances in rheu-
matoid arthritis. British Medical Journal, 384, e070856.

Butoescu, N., Jordan, O., & Doelker, E. (2009). Intra-articular drug delivery
systems for the treatment of rheumatic diseases: A review of the factors in-
fluencing their performance. European Journal of Pharmaceutics and Bio-
pharmaceutics, 73(2), 205-218.

Ceuppens, J. L., Robaeys, G., Verdickt, W., Vertessen, S., Deckmyn, H., &
Dequeker, J. (1986). Immunomodulatory effects of treatment with
Naproxen in patients with rheumatic disease. Arthritis and Rheumatism,
29(3), 305-311.

Cicala, C., lanaro, A., Fiorucci, S., Calignano, A., Bucci, M., Gerli, R., San-
tucci, L., Wallace, J. L., & Cirino, G. (2000). NO-naproxen modulates in-
flammation, nociception and downregulates T cell response in rat Freund’s
adjuvant arthritis. British Journal of Pharmacology, 130(6), 1399-1405.

Conran, C., Kolfenbach, J., Kuhn, K., Striebich, C., & Moreland, L. (2023). A
review of difficult-to-treat rheumatoid arthritis: Definition, clinical presenta-
tion, and management. Current Rheumatology Reports, 25(12), 285-294.

Darwish, A. A., & Eldakroury, M. F. (2020). The effect of some anti-inflam-
matory drugs on some clinicopathological parameters in Barki sheep.
Journal of Animal Health and Production, 8(3), 93-100.

De La Cruz, J. P., Reyes, J. J., Ruiz-Moreno, M. I., Lopez-Villodres, J. A.,
Jebrouni, N., & Gonzalez-Correa, J. A. (2010). Differences in the in vitro
antiplatelet effect of Dexibuprofen, Ibuprofen, and Flurbiprofen in human
blood. Anesthesia and Analgesia, 111(6), 1341-1346.

Diotallevi, M., Checconi, P., Palamara, A. T., Celestino, I., Coppo, L., Holm-
gren, A., Abbas, K., Peyrot, F., Mengozzi, M., & Ghezzi, P. (2017). Gluta-
thione fine-tunes the innate immune response toward antiviral pathways in
a macrophage cell line independently of its antioxidant properties. Fron-
tiers in Immunology, 8, 1239.

Dobre, I. R., Alexandru, D. M., & Crivineanu, M. (2019). Study on changes in
haematological parameters following administration of NSAIDs in dogs.
Scientific Works, C Series, Veterinary Medicine, 65(1), 37-41.

Donahue, K. E., Gartlehner, G., Jonas, D. E., Lux, L. J,, Thieda, P., Jonas, B. L.,
Hansen, R. A., Morgan, L. C., & Lohr, K. N. (2008). Systematic review:
Comparative effectiveness and harms of disease-modifying medications for
rheumatoid arthritis. Annals of Internal Medicine, 148(2), 124-134.

Evans, C. H. (2005). Novel biological approaches to the intra-articular treat-
ment of osteoarthritis. BioDrugs, 19(6), 355-362.

Finckh, A, Gilbert, B., Hodkinson, B., Bae, S.-C., Thomas, R., Deane, K. D.,
Alpizar-Rodriguez, D., & Lauper, K. (2022). Global epidemiology of
rheumatoid arthritis. Nature Reviews Rheumatology, 18, 591-602.

Fonseca, L. J. S. D., Nunes-Souza, V., Goulart, M. O. F., & Rabelo, L. A.
(2019). Oxidative stress in rheumatoid arthritis: What the future might
hold regarding novel biomarkers and add-on therapies. Oxidative Medi-
cine and Cellular Longevity, 2019, 7536805.

Gomaa, S. (2018). Adverse effects induced by Diclofenac, Ibuprofen, and
Paracetamol toxicity on immunological and biochemical parameters in
Swiss albino mice. The Journal of Basic and Applied Zoology, 79, 5.

Jones, I. A, Togashi, R., Wilson, M. L., Heckmann, N., & Vangsness, C. T.
(2019). Intra-articular treatment options for knee osteoarthritis. Nature Re-
views Rheumatology, 15(2), 77-90.

Kao, D. S,, Zhang, S. W., & Vap, A. R. (2022). A systematic review on the
effect of common medications on platelet count and function: Which med-
ications should be stopped before getting a platelet-rich plasma injection?
Orthopaedic Journal of Sports Medicine, 10(4), 23259671221088820.

Kaur, G., Sharma, A,, & Bhatnagar, A. (2021). Role of oxidative stress in
pathophysiology of rheumatoid arthritis: Insights into NRF2-KEAP1 sig-
nalling. Autoimmunity, 54(7), 385-397.

Khanna, N., Kumar, A., & Pawar, S. V. (2021). A review on rheumatoid arthri-
tis interventions and current developments. Current Drug Targets, 22(4),
463-483.

Lei, Y., Wang, K., Deng, L., Chen, Y., Nice, E. C., & Huang, C. (2015). Redox
regulation of inflammation: Old elements, a new story. Medicinal Re-
search Reviews, 35(2), 306-340.

Mannava, S., Whitney, K. E., Kennedy, M. 1., King, J., Dornan, G. J., Klett, K.,
Chahla, J., Evans, T. A., Huard, J., & LaPrade, R. F. (2019). The influence
of naproxen on biological factors in leukocyte-rich platelet-rich plasma: A
prospective comparative study. Arthroscopy, 35(1), 201-210.

Matloob, R., Althanoon, Z., Algburi, S., Salih, M., & Merkhan, M. (2024).
Update on the use of methotrexate in the management of rheumatoid ar-
thritis. Georgian Medical News, 347, 28-33.

Ogidi, O. 1., Ogoun, T. R., Njoku, C. O., Charles, E. E., Amgbare, E. B., &
Omotehinse, E. T. (2020). Toxicity studies on the effects of non-steroidal
anti-inflammatory drugs in Wistar albino rats. Elixir Pharmacy, 149,
55010-55014.

Parolini, M. (2020). Toxicity of the non-steroidal anti-inflammatory drugs
(NSAIDs) acetylsalicylic acid, Paracetamol, Diclofenac, Ibuprofen and
Naproxen towards freshwater invertebrates: A review. Science of the Total
Environment, 740, 140043.

Prasad, P., Verma, S., Surbhi, Ganguly, N. K., Chaturvedi, V., & Mittal, S. A.
(2023). Rheumatoid arthritis: Advances in treatment strategies. Molecular
and Cellular Biochemistry, 478, 69-88.

Pretorius, E., Akeredolu, O.-O., Soma, P., & Kell, D. B. (2017). Major in-
volvement of bacterial components in rheumatoid arthritis and its accom-
panying oxidative stress, systemic inflammation and hypercoagulability.
Experimental Biology and Medicine, 242(4), 355-373.

Rahman, 1. (2000). Regulation of nuclear factor-xB, activator protein-1, and
glutathione levels by tumor necrosis factor-a. and dexamethasone in alveo-
lar epithelial cells. Biochemical Pharmacology, 60(8), 1041-1049.

Razi, M. T., Javed, 1., Choudry, M. Z., Khan, M. T., & Mukhtar, N. (2014).
Effect of Ketoprofen on lactic dehydrogenasefrom human platelets. Ad-
vances in Clinical and Experimental Medicine, 23(3), 377-380.

Ribas, J. L. C., Zampronio, A. R., & Silva De Assis, H. C. (2015). Effects of
trophic exposure to Diclofenac and Dexamethasone on hematological pa-
rameters and immune response in freshwater fish. Environmental Toxi-
cology and Chemistry, 35(4), 975-982.

Saper, C. B., Romanovsky, A. A., & Scammell, T. E. (2012). Neural circuitry
engaged by prostaglandins during the sickness syndrome. Nature Neuro-
science, 15(8), 1088-1095.

Saravanan, M., Devi, K. U., Malarvizhi, A., & Ramesh, M. (2012). Effects of
lbuprofen on hematological, biochemical and enzymological parameters
of blood in an Indian major carp, Cirrhinus mrigala. Environmental Toxi-
cology and Pharmacology, 34(1), 14-22.

Silvagno, F., Vernone, A., & Pescarmona, G. P. (2020). The role of glutathione
in protecting against the severe inflammatory response triggered by
COVID-19. Antioxidants, 9(7), 624.

Smolen, J. S., Landewé, R. B. M., Bijlsma, J. W. J., Burmester, G. R.,
Dougados, M., Kerschbaumer, A., Mclnnes, I. B., Sepriano, A., Van Vol-
lenhoven, R. F., De Wit, M., Aletaha, D., Aringer, M., Askling, J., Balsa,
A., Boers, M., Den Broeder, A. A, Buch, M. H., Buttgereit, F., Caporali,
R., ... Van Der Heijde, D. (2020). EULAR recommendations for the
management of rheumatoid arthritis with synthetic and biological disease-
modifying antirheumatic drugs: 2019 update. Annals of the Rheumatic
Diseases, 79(6), 685-699.

Zamudio-Cuevas, Y., Martinez-Flores, K., Martinez-Nava, G. A., Clavijo-Cor-
nejo, D., Ferndndez-Torres, J., & Sanchez-Sanchez, R. (2022). Rheuma-
toid arthritis and oxidative stress, a review of a decade. Cellular and Mo-
lecular Biology, 68(6), 174-184.

Regulatory Mechanisms in Biosystems, 2025, 16(3), €25152


http://doi.org/10.1007/s00210-024-02982-3
http://doi.org/10.1007/s00210-024-02982-3
http://doi.org/10.1007/s00210-024-02982-3
http://doi.org/10.1007/s00210-024-02982-3
http://doi.org/10.3390/ijms26072873
http://doi.org/10.3390/ijms26072873
http://doi.org/10.3390/ijms26072873
http://doi.org/10.1136/bmj-2022-070856
http://doi.org/10.1136/bmj-2022-070856
http://doi.org/10.1016/j.ejpb.2009.06.009
http://doi.org/10.1016/j.ejpb.2009.06.009
http://doi.org/10.1016/j.ejpb.2009.06.009
http://doi.org/10.1016/j.ejpb.2009.06.009
http://doi.org/10.1002/art.1780290301
http://doi.org/10.1002/art.1780290301
http://doi.org/10.1002/art.1780290301
http://doi.org/10.1002/art.1780290301
http://doi.org/10.1038/sj.bjp.0703449
http://doi.org/10.1038/sj.bjp.0703449
http://doi.org/10.1038/sj.bjp.0703449
http://doi.org/10.1038/sj.bjp.0703449
http://doi.org/10.1007/s11926-023-01117-6
http://doi.org/10.1007/s11926-023-01117-6
http://doi.org/10.1007/s11926-023-01117-6
http://doi.org/10.17582/journal.jahp/2020/8.3.93.100
http://doi.org/10.17582/journal.jahp/2020/8.3.93.100
http://doi.org/10.17582/journal.jahp/2020/8.3.93.100
http://doi.org/10.1213/ANE.0b013e3181f7b679
http://doi.org/10.1213/ANE.0b013e3181f7b679
http://doi.org/10.1213/ANE.0b013e3181f7b679
http://doi.org/10.1213/ANE.0b013e3181f7b679
http://doi.org/10.3389/fimmu.2017.01239
http://doi.org/10.3389/fimmu.2017.01239
http://doi.org/10.3389/fimmu.2017.01239
http://doi.org/10.3389/fimmu.2017.01239
http://doi.org/10.3389/fimmu.2017.01239
http://doi.org/10.7326/0003-4819-148-2-200801150-00192
http://doi.org/10.7326/0003-4819-148-2-200801150-00192
http://doi.org/10.7326/0003-4819-148-2-200801150-00192
http://doi.org/10.7326/0003-4819-148-2-200801150-00192
http://doi.org/10.2165/00063030-200519060-00003
http://doi.org/10.2165/00063030-200519060-00003
http://doi.org/10.1038/s41584-022-00827-y
http://doi.org/10.1038/s41584-022-00827-y
http://doi.org/10.1038/s41584-022-00827-y
http://doi.org/10.1155/2019/7536805
http://doi.org/10.1155/2019/7536805
http://doi.org/10.1155/2019/7536805
http://doi.org/10.1155/2019/7536805
http://doi.org/10.1186/s41936-018-0025-7
http://doi.org/10.1186/s41936-018-0025-7
http://doi.org/10.1186/s41936-018-0025-7
http://doi.org/10.1038/s41584-018-0123-4
http://doi.org/10.1038/s41584-018-0123-4
http://doi.org/10.1038/s41584-018-0123-4
http://doi.org/10.1177/23259671221088820
http://doi.org/10.1177/23259671221088820
http://doi.org/10.1177/23259671221088820
http://doi.org/10.1177/23259671221088820
http://doi.org/10.1080/08916934.2021.1963959
http://doi.org/10.1080/08916934.2021.1963959
http://doi.org/10.1080/08916934.2021.1963959
http://doi.org/10.2174/1389450121999201125200558
http://doi.org/10.2174/1389450121999201125200558
http://doi.org/10.2174/1389450121999201125200558
http://doi.org/10.1002/med.21330
http://doi.org/10.1002/med.21330
http://doi.org/10.1002/med.21330
http://doi.org/10.1016/j.arthro.2018.07.030
http://doi.org/10.1016/j.arthro.2018.07.030
http://doi.org/10.1016/j.arthro.2018.07.030
http://doi.org/10.1016/j.arthro.2018.07.030
http://doi.org/10.1016/j.scitotenv.2020.140043
http://doi.org/10.1016/j.scitotenv.2020.140043
http://doi.org/10.1016/j.scitotenv.2020.140043
http://doi.org/10.1016/j.scitotenv.2020.140043
http://doi.org/10.1007/s11010-022-04492-3
http://doi.org/10.1007/s11010-022-04492-3
http://doi.org/10.1007/s11010-022-04492-3
http://doi.org/10.1177/1535370216681549
http://doi.org/10.1177/1535370216681549
http://doi.org/10.1177/1535370216681549
http://doi.org/10.1177/1535370216681549
http://doi.org/10.1016/S0006-2952(00)00392-0
http://doi.org/10.1016/S0006-2952(00)00392-0
http://doi.org/10.1016/S0006-2952(00)00392-0
http://doi.org/10.17219/acem/37128
http://doi.org/10.17219/acem/37128
http://doi.org/10.17219/acem/37128
http://doi.org/10.1002/etc.3240
http://doi.org/10.1002/etc.3240
http://doi.org/10.1002/etc.3240
http://doi.org/10.1002/etc.3240
http://doi.org/10.1038/nn.3159
http://doi.org/10.1038/nn.3159
http://doi.org/10.1038/nn.3159
http://doi.org/10.1016/j.etap.2012.02.005
http://doi.org/10.1016/j.etap.2012.02.005
http://doi.org/10.1016/j.etap.2012.02.005
http://doi.org/10.1016/j.etap.2012.02.005
http://doi.org/10.3390/antiox9070624
http://doi.org/10.3390/antiox9070624
http://doi.org/10.3390/antiox9070624
http://doi.org/10.1136/annrheumdis-2019-216655
http://doi.org/10.1136/annrheumdis-2019-216655
http://doi.org/10.1136/annrheumdis-2019-216655
http://doi.org/10.1136/annrheumdis-2019-216655
http://doi.org/10.1136/annrheumdis-2019-216655
http://doi.org/10.1136/annrheumdis-2019-216655
http://doi.org/10.1136/annrheumdis-2019-216655
http://doi.org/10.1136/annrheumdis-2019-216655
http://doi.org/10.14715/cmb/2022.68.6.28
http://doi.org/10.14715/cmb/2022.68.6.28
http://doi.org/10.14715/cmb/2022.68.6.28
http://doi.org/10.14715/cmb/2022.68.6.28

