
INTRODUCTION
Rheumatoid arthritis (RA) is a systemic illness with 19th and 
20th century roots. Being a chronic autoimmune disease, it 
destroys cartilage, bones, and joint tissues and lowers the 
quality of life.1,2 Contemporary research has documented a 
destructive inflammatory process within the body, as evidenced 
by the presence of synovial cellular infiltration and peripheral 
blood immune cells such as monocytes, lymphocytes, and 
neutrophils.3 Polymorphonuclear neutrophils, including 

lymphocytes, are essential donors to synovial inflammation 
and subsequent joint injury.4 Similarly, mesenchymal cell-
derived cells, notably fibroblast-like synoviocytes (FLS), 
mediate direct tissue damage and perpetuate the complicated 
disease process by altering themselves morphologically and 
phenotypically in autoimmune joint diseases like RA.5,6 
Furthermore, several studies have proposed a notable 
involvement of oxidative stress induced by leukocyte-
mediated inflammatory responses, involving the conversion 
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of a considerable quantity of oxygen into various free 
radicals, resulting in oxidative damage and the chronicity of 
rheumatoid arthritis.7,8 Reactive oxygen species (ROS) and 
mitochondrial damage are closely associated with quite a few 
significant pathological processes in rheumatoid arthritis (RA). 
Consequently, the modulation of mitochondrial function and 
mitigation of oxidative overload have established themselves 
as prominent therapeutic targets for treating RA.9,10 Indeed, 
it has been observed that ROS has the tendency to regulate 
the activity and the processes associated with the activation 
of immune cells.11 Certain evidence postulates an increase in 
ROS and RNS within the circulatory system of rheumatoid 
arthritis patients compared to that of a normal individual, 
accompanied by a fading of the endogenous enzymatic and 
non-enzymatic defense mechanisms.12 The task at hand 
involves identifying a unique therapeutic intervention for RA, 
which is complicated by a poor understanding of the underlying 
molecular processes and the role of autoantibodies.13 Despite 
recent progress in therapeutic strategies, this difficulty persists. 
While contemporary pharmaceutical interventions, such 
as biologic and synthetic disease-modifying antirheumatic 
drugs (DMARDs), NSAIDs, and glucocorticoids, have 
demonstrated promising outcomes, the need for early diagnosis 
and prompt evaluation cannot be overstated in achieving 
optimal treatment effectiveness.14,15 However, apart from 
the negative consequences, a significant subset of patients, 
referred to as “difficult to treat” or “refractory RA”, persist 
with symptoms regardless of medical intervention with two 
or more DMARDs.16,17 The development of new effective 
drugs for rheumatoid arthritis is imperative to rectify existing 
therapy’s limitations, enhance patient outcomes, implement 
more personalized approaches, and ultimately advance the 
management of this chronic condition. Selegiline is now 
utilized in the management of Parkinson’s disease, principally 
exerting its therapeutic effects by permanently inhibiting the 
“B” isoform of the enzyme monoamine oxidase (MAO).18 This 
inhibition serves to impede the metabolism and degradation of 
dopamine, resulting in enhanced potency and a more favorable 
pharmacological profile.19 Numerous significant studies have 
documented the neuroprotective, antioxidant, anxiolytic, and 
depressive properties of selegiline in various organs, which are 
not solely attributed to its MAO-B inhibitory effects but rather 
arise from its modulation of cellular oxidation mechanisms 
and mitochondrial enzymes.20,21 Therefore, considering the 
aforementioned evidence, it is reasonable to suggest that 
selegiline may be beneficial while managing RA through the 
suppression of oxidative damage and inflammatory biomarkers 
induced by free radicals. Therefore, this investigation focuses 
on analyzing the potential preventative mechanism of selegiline 
in inhibiting oxidative stress in isolated polymorphonuclear 
blood lymphocyte cells of individuals diagnosed with RA.

MATERIALS AND METHOD

Sample Population
The Institutional Ethics Committee approves this study 
protocol with no. IEC/2021/270-A. This study included 

20 patients with RA employed from the outpatient unit of 
NEMCARE Hospital, Guwahati, Assam, India, and Govt. 
Ayurvedic College, Guwahati, Assam, India, according to the 
American College of Rheumatology criteria.24 with informed 
consent, excluding those with viral polyarthritis, psoriatic 
arthritis, systemic lupus erythematosus, scleroderma, hepatic, 
or renal impairment. Steroid-using patients are also precluded 
from this study (Table 1).
Peripheral Blood Mononuclear Cells Isolation from RA 
Blood and Treatment with Selegiline
The blood from healthy individuals and RA patients was 
directly collected in heparin-containing vials. As per the 
guidelines provided by the manufacturer (HisepTM LSM 1073), 
PBML was separated after centrifugation at a force of 400 g 
for 30 minutes. Due to the differential migration of cells as per 
density gradient, numerous layers were formed where PBML 
was found to be in the banded plasma interphase. Formed 
pellets mostly contain erythrocytes. Following the collection 
of plasma, including thrombocytes, lymphocytes were isolated 
and washed with phosphate buffered saline.25 Cells were 
quantified and trypan blue exclusion staining confirmed cell 
viability.26 PBML cells (1 × 106 per mL) isolated from the RA 
patients were pretreated with 1.5 µg/mL phorbol myristate 
acetate (PMA) for one hour. In addition, the cells were 
subjected to various doses (ranging from 50 to 200 μg/mL) 
of selegiline in Krebs-Henseleit solution for a duration of 2 
hours. Subsequently, the cells were lysed in 2 mL of phosphate 
buffer (0.02M, pH 7.4) containing 0.25% sodium dodecyl 
sulfate (SDS) through freeze-thawing at -20°C for three times. 
After estimating the protein concentration following standard 
protocol,27 cell lysate was employed to conduct additional 
oxidative biomarker tests.
Superoxide Anion Estimation in PBML
The superoxide anion (O2-) assessment in isolated lymphocyte 
cells was conducted by performing the nitro blue tetrazolium 
assay based on its capacity to form purple formazan 
formazan.28,29 Briefly, lymphocyte cells at a quantity of 1 × 106/
mL were subjected to treatment with Krebs-Henseleit buffer 
accompanied by 1-mg/mL of nitroblue tetrazolium (NBT) for a 
duration of 45 minutes. The cells were lysed using a phosphate 
buffer solution (80 mM, pH 7.8) supplemented with 0.045% 
gelatin including 5% SDS. Following centrifugation for 5 
minutes at 3000 rpm, the collected supernatants’ absorbance was 
measured at 540 nm for formazan development and 450 nm for 
protein existance. Finally, the presence of superoxide anion was 

Table. 1: Brief of study population

RA Patient’s Data (N=20)
Age 30–70 Years
Gender (Male: Female) 13:7
Disease Duration 1–30 Years
ACR Criteria Yes
DMARD Received Yes
Antioxidants Received No
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estimated through the following formula: F540 = (Absorbance 
at 540 nm – Absorbance at 450 nm)/0.49.25

Nitrite Estimation in PBML
Nitrite level was measured through the Griess assay for the 
purpose of determining the presence of nitric oxide (NO) 
in PBML with minute alteration.30 One part of cell lysate is 
added to nine parts of 5% TCA, followed by centrifugation for 
5 minutes at 8000 rpm. Absorbance at 546 nm was recorded after 
the incubation of the supernatant blended with an equivalent 
quantity of Griess reagent. The sodium nitrite standard curve 
was utilized to figure out the nitrite concentration.31

Superoxide Dismutase Activity in PBML
Depending on the protocol mentioned in Kakkar et al., 
1984.32 Superoxide dismutase (SOD) activity was evaluated. 
Brief ly cell lysate (200 μL), phenazine methosulfate 
(PMES, 186 mM), and nicotinamide adenine dinucleotide 
(NADH, 780 mM) are blended together with a subsequent 
addition of nitro blue tetrazolium (NBT, 300 mM), followed 
by incubation for 5 minutes at 30oC in an unilluminated area. 
After adding glacial acetic acid (500 μL) to discontinue the 
reaction, absorbance is recorded at 560 nm. The concentration 
of enzyme needed to reduce chromogen production by 50% in 
a test is considered one unit of SOD activity.33

Lipid Peroxidation Estimation in PBML
The protocol described in Ohkawa et al., 197934 was employed 
for lipid peroxidation estimation with minor modifications. 
After blending 1-mL of cell lysate with an equal volume of 
10% TCA and allowing it to settle down for 30 minutes at 
room temperature, centrifugation was done (3000 g × 10 min). 
Further, 0.5 mL of 1% TBA was incorporated into the collected 
supernatant (1.5 mL), followed by water bath heating for about 
45 minutes at 95°C, forming pink chromogen. Absorbance was 
observed at 532 and 600 nm, where malondialdehyde (MDA) 
concentration (mM) = (A532 - A600)/155.35

Reduced Glutathione Estimation in PBML
Following the potency of thiol (SH) group of glutathione (GSH) 
to reduce dithiobis-2-nitrobenzoic acid (Ellman’s reagent), 
developing a yellow-colored compound, GSH content was 
estimated.36 After blending 200 μL of cell lysate with an equal 
volume of 10% TCA and allowing it to settle down for 30 minutes 
at room temperature, centrifugation was done (3000 g × 10 min). 
2.4 mL of EDTA (0.02M) was added to 200 μL of the collected 
supernatant and kept for 10 minutes in an ice bath, followed 
by centrifugation (3000 g × 15 min). Further Tris buffer 
(1-mL, 0.4 M), supernatant (1-mL), and 0.05 mL Ellman’s 
Reagent (0.01M in methanol) were well mixed with the 
vortex. Absorbance was recorded at 412 nm within a time 
frame of approximately 2 to 3 minutes after the incorporation 
of Ellman’s reagent. GSH was calculated with the help of a 
standard curve.
Statistical Analysis
The findings are reported in the format of the mean ± SEM for a 
sample size, N= 20. The SPSS software computed the statistical 

significance (p-value). A post hoc test (Tukey honestly 
significant difference, commonly referred as HSD) was used 
after conducting one-way analysis of variance (ANOVA). The 
significance levels were established at a threshold of *p < 0.05 
and **p < 0.01, denoting statistical significance and strong 
statistical significance when comparing the experimental group 
with the matching control group.

RESULTS
The vitality of the cells was verified using trypan blue 
exclusion techniques. This technique is a crucial staining 
approach to specifically deceased cells (blue color), while 
uncolored pigmentation is observed in live cells with intact 
cellular membranes. A minimum viability threshold of 95% 
was deemed acceptable for subsequent inquiry.

The level of superoxide anion was estimated in the isolated 
peripheral blood mononuclear lymphocytes. The study 
observed a notable increase in the concentration of superoxide 
anions in the peripheral blood mononuclear lymphocytes 
(PBML) cells obtained from patients diagnosed with RA in 
contrast to healthy individuals. (p < 0.01). The increase in 
higher superoxide anions exhibits more oxidative overload in 
patients with RA.37 Moreover, the samples were subjected to 
incubation with phorbol myristate acetate (PMS), resulting 
in an increased generation of superoxide anions. Selegiline 
at a concentration of 50 µg/mL did not have any remarkable 
effect on the decrease in superoxide production in the PMS-
induced group. Nevertheless, in Figure 1, a notable impact 
was identified at a dosage of 100 µg/mL (p < 0.05). The extent 
of 150 µg/mL and 200 µg/mL of selegiline in curtailing the 
extent of Superoxide anion in the PMS-induced group was 
highly significant. (p < 0.01) Figure 2 indicates the capacity 
of selegiline reducing in NO production in PMA-induced 
isolated PBLM cells. After incubation with PMA, the increase 
level of NO production in PBML was highly significant. 
(p < 0.01). In addition, selegiline was also effective enough with 
high significance (p < 0.01) while preventing NO production 
in PMA-treated PBML cells in a way that depends on the 
concentration in a section of 100 to 200 µg/mL.

Figure 1: Superoxide anion assessment in PBML. N” represents normal 
human volunteers, “RA” represents isolated PBML of patients with 
Rheumatoid arthritis, “RA PMA” represents PMA treated RA and 
“S50, S100, S150, S200” represents PMA with Selegiline 50, 100, 150, 

200 µg/mL treated RA
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Lipid peroxidation often occurs following oxidative overload as 
a consequence of free radicals giving rise to 4-hydroxynonenal 
(4-HNE) and MDA.38 Polyunsaturated fatty acids (PUFAs) in 
phospholipids are the most abundant constituents within cellular 
membranes and are very sensitive to oxidation consequent to 
oxidative overload.39 In this study, the malondialdehyde content 
was estimated and surprisingly increased (p < 0.01) in isolated 
PBML of patients with RA contrast to normal humans. After 
incorporation of PMA, the isolated PBML cells give rise to 
an elevated level of MDA content, perhaps due to more lipid 
peroxidation. (p < 0.01). Selegiline concentrations in a section 
of 50 to 200 µg/mL exhibit a concentration-dependent decrease 
in the MDA content in PBML (Figure 3). However, the effects 
of 50 and 100 µg/mL were deemed to be significant (p < 0.05) 
and 150 and 200 µg/mL appeared to be highly significant. (p 
< 0.01).

Reduced GSH in the body is one of the major oxidative 
biomarkers that continues to mitigate the oxidative overload 
represented by the increased emission of free radicals in RA 
patients.40 Because of the potentiality of SOD in reducing 
oxidative stress by blocking excess free radicals like superoxide, 
it is regarded as an enzyme antioxidant in our bodies. Several 
lines of evidence have demonstrated a consistent diminution 
of GSH and SOD levels in persons diagnosed with RA. This 
decline can be attributed to the excessive consumption of these 
antioxidants by cells in order to alleviate the harmful outcomes 

of free radicals.41 In our present evaluation also, both SOD 
(p < 0.01) and GSH (p < 0.05) appeared to be lesser in isolated 
PBML of persons with RA than those of normal individuals. 
A further decrease is observed after the treatment with PMA 
due to more production of free radicals. The SOD content in 
PBML increases with Selegiline concentration, with a span 
of 50 to 200 µg/mL (Figure 4). However, statistical analysis 
revealed that 50 and 100 µg/mL of selegiline had a significant 
influence (p < 0.05), but 150 and 200 µg/mL of concentrations 
had a higher degree of statistical significance (p < 0.01). Figure 
5 depicts that 50 µg/mL of selegiline did not significantly 
impact the GSH increase in PBML. But at 150 and 200 µg/
mL concentrations, selegiline’s effectiveness in increasing the 
GSH level in isolated PBML is highly significant. (p < 0.01) 
while that of 100 µg/mL is significant. (p < 0.05).

DISCUSSION
A notable elevation in oxidative overload has been seen in 
those diagnosed with RA. The elevation in oxidative stress 
seen can be attributed to an upregulation in the formation 
of intracellular superoxide anions in PBML as well as in 
synovial fluid.42 Pretreating PBML with phorbol myristate 
acetate (PMS) increases oxidative stress even more, as seen 
in the present study. On the other hand, an elevation in the 
generation of nitric oxide was also noted. Despite its role as 
a helpful chemical generated by nitric oxide synthase, nitric 
oxide exacerbates tissue degradation in rheumatoid arthritis by 
functioning as a proinflammatory mediator in the pathological 

Figure 2: Nitric oxide assessment in PBML. “N” represents normal 
Human volunteers, “RA” represents isolated PBML of patients with 
Rheumatoid arthritis, “RA PMA” represents PMA treated RA and 
“S50, S100, S150, S200” represents PMA with selegiline 50, 100, 150, 

200 µg/mL treated RA

Figure 3: Malondialdehyde assessment in PBML. “N” represents 
normal Human volunteers, “RA” represents isolated PBML of patients 
with Rheumatoid arthritis, “RA PMA” represents PMA treated RA and 
“S50, S100, S150, S200” represents PMA with Selegiline 50, 100, 150, 

200 µg/mL treated RA

Figure 4: SOD assessment in PBML. “N” represents Normal Human 
Volunteers, “RA” represents isolated PBML of Patients with Rheumatoid 
Arthritis, “RA PMA” represents PMA treated RA and “S50, S100, S150, 
S200” represents PMA with Selegiline 50, 100, 150, 200 µg/mL treated RA

Figure 5: GSH assessment in PBML. “N” represents Normal Human 
Volunteers, “RA” represents isolated PBML of Patients with Rheumatoid 
Arthritis, “RA PMA” represents PMA treated RA and “S50, S100, S150, 
S200” represents PMA with Selegiline 50, 100, 150, 200 µg/mL treated RA 
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state.43 Nitric oxide and superoxide anion are the main free 
radicals produced by lymphocytes in peripheral circulation.44 
It is noteworthy that the interaction of nitric oxide in a rapid 
manner along with superoxide anion results in the formation 
of peroxynitrite, hence exacerbating the pathological state.45 
The present study reveals that selegiline could minimize 
the level of superoxide anion and NO in the isolated PBML 
cells, mainly in 100, 150 and 200 µg/mL concentrations. The 
theoretical investigation of selegiline’s free radical scavenging 
action has been previously conducted and demonstrated to be 
efficacious.46 Selegiline possesses a propargylamine moiety 
that incorporates an acetylene group, enabling the donation of 
proton (H+) ions for the purpose of scavenging free radicals.47 
Selegiline has also been shown to have in-vitro antiarthritic 
action in the past.48 To our surprise, 150 and 200 µg/mL of 
selegiline provide excellent inhibition of lipid peroxidation 
in terms of curtailing the production of MDA in PBML. 
Reactive oxygen species (ROS) have the ability to initiate lipid 
peroxidation (LPO), which leads to the production of highly 
reactive MDA, causing functional and/or structural damage 
to the cell membrane. This mechanism entails the interaction 
of oxidizing agents with lipids that possess carbon-carbon 
double bonds, namely polyunsaturated fatty acids in cellular 
membranes.49,50 Hydrogen peroxide (H2O2) and oxygen (O2) 
are the two constituents derived from the transformation of 
superoxide radicals (O2-) in the context of a specific class of 
metalloenzymes acknowledged as SOD. These enzymes are 
anticipated to have significant implications for the management 
of disorders associated with oxidative stress.40 Glutamate, 
cysteine, and glycine are the amino acids that make up the 
tripeptide substance glutathione, accounting for electrophile 
elimination and free radical scavenging. When the equilibrium 
between ROS and GSH is upset, biomacromolecules undergo 
destructive oxidation and chemical alteration, which 
ultimately leads to cell death.51 Interestingly, selegiline has 
been discovered to exhibit sufficient efficacy in preserving 
the balance between ROS production and the antioxidant role 
of GSH, including the enzymatic activity of SOD, in isolated 
PBML. This finding suggests the potential benefits of selegiline 
for those diagnosed with RA.

CONCLUSION
Conducting comprehensive investigations on these parameters 
utilizing samples from individuals diagnosed with RA might 
yield valuable insights into the mechanisms of inflammation 
in RA that are mediated by free radicals. In brief, the findings 
of this investigation indicate the effectiveness of selegiline in 
mitigating oxidative overload in isolated PBML cells activated 
with PMA in patients with arthritis. This is achieved by the 
reduction of oxidative free radicals and the enhancement of 
the antioxidative system. Therefore, it can be concluded that 
the MAO-B inhibitor selegiline has potential as a non-toxic 
repurposed medicine for curtailing the pathological effects of 
oxidative overload in RA. Further investigation is warranted to 
explore the pharmacological effects of selegiline on additional 
inflammatory cells, such as neutrophils.
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