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ABSTRACT

Introduction and aim. Rheumatoid arthritis (RA) causes pain, inflammation, and deformities in numerous joints. Monoamine
oxidase B (MOA-B) inhibitor selegiline exhibits anti-inflammatory characteristics and has the propensity to scavenge free rad-
icals. Therefore, the aim of this research comprises of assessing the effect of selegiline on proinflammatory cytokines in RAW
264.7 macrophages as well as its capacity to improve various arthritic parameters in rats with lipopolysaccharide (LPS) acceler-
ated complete Freund’s adjuvant (CFA) induced RA.

Material and methods. In RAW 264.7 cells (lipopolysaccharide accelerated), nitric oxide (NO), tumor necrosis factor alpha
(TNF-a), interleukin 6 (IL-6), inducible nitric oxide synthase (iNOS), and prostaglandin E, (PGE,) were determined after treat-
ment with selegiline. Different arthritic parameters were analyzed after administration of selegiline in LPS accelerated CFA-in-
duced arthritis in rats.

Results. LPS escalates NO, TNF-q, IL-6, iNOS, and PGE, quantities in the RAW 264.7 cells, which was minimized by selegiline
at 100 pg/mL and 150 ug/mL respectively. In rats, CFA induction causes a decrease in body weight, elevation of paw volume,
splenic index, and arthritic index, which are further accelerated by LPS. 20 mg/kg of selegiline managed all these arthritic pa-
rameters effectively, including TNF-q, IL-6, and a few other biochemical parameters.

Conclusion. Selegiline may be beneficial in RA extenuating joint and cartilage damage, and modulating inflammatory responses.
Keywords. CFA, cytokines, RAW 264.7, reactive oxygen species, rheumatoid arthritis, selegiline

Introduction ture irreversibly resulting untimely death, impairment,

Rheumatoid arthritis (RA) is categorized as symmetri-
cal polyarticular arthritis, predominantly impacting the
tiny diarthrodial joints of the limbs, resulting in syno-
vial inflammation.! Due to its chronicity, autoimmuni-
ty, rapid inducing inflammatory effects on multisystem,
its destroys cartilage, bone, joint tissues, articular struc-

and diminished quality of life within contemporary so-
ciety.? Recent studies have provided evidence of syno-
vial cellular infiltration and the presence of peripheral
blood inflammatory cells, including monocytes, lympho-
cytes, and neutrophils.’ Polymorphonuclear neutrophils
and lymphocytes play crucial roles in the progression of
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synovial inflammation and subsequent joint damage.*
Cytokines and chemokines as primary products of mac-
rophages, together with degradative enzymes, assume a
crucial function in the genesis, pathophysiology, and de-
velopment of RA. Additionally, cytokines may aid in the
generation of inducible nitric oxide synthase (iNOS),
which in turn triggers the synthesis of local nitric ox-
ide (NO) that results in tissue damage, inflammation,
and angiogenesis. It also exhibits excessive activation
and proliferation, inducing pronounced inflammation
by activating immune cells, stimulating fibroblasts, and
polarizing T lymphocytes.”” Furthermore, critical role
of macrophages in the process of synovial angiogenesis
is widely recognized, which is a fundamental pathogen-
ic mechanism in RA.® Correspondingly, Fibroblast-like
synoviocytes, which are cells generated from mesenchy-
mal cells, significantly involve in the autoimmunological
process of RA. These cells contribute to tissue injury and
sustain the intricate disease process by undergoing mor-
phological and phenotypical changes.”'* Neutrophils, a
crucial kind of leukocyte in inflamed joints, significant-
ly contribute to reactive oxygen species (ROS) produc-
tion during their breakdown process. This release of ROS
contributes to the manifestation of endothelial dysfunc-
tion, as well as lipid and protein oxidation. Additionally,
the damage caused to DNA by these ROS leads to the cre-
ation of auto-antibodies."" In fact, it has been found that
ROS has the power to control the processes involved in
immune cells’ activation as well as their activity.'? The pri-
mary objectives of therapeutic interventions for RA en-
compass the mitigation of joint swelling and discomfort,
optimization of joint functionality, and the prevention of
joint deterioration and deformity."* Treatment methods
often involve the use of pharmacological agents in com-
bination with weight-bearing activity, patient education
regarding the disease, and periods of rest.'* In light of cur-
rent advancements in treatment approaches, it is imper-
ative to emphasize the significance of early identification
and intervention in order to mitigate the occurrence of
severe impairments and the potential loss of vital phys-
iological capacities despite the beneficial outcomes of
glucocorticoids, nonsteroidal anti-inflammatory drugs
(NSAIDs) and disease modifying antirheumatic drugs
(DMARD:s).'>!'¢ Furthermore, the exorbitant expenses
and significant adverse effects pose numerous obstacles
for DMARDs employment in the treatment of RA."” Sele-
giline is a chemical moiety having approval from the FDA
for treating Parkinson’s disease as an adjuvant and ma-
jor depressive disorder in adults. Its primary mechanism
of action involves the inhibition of monoamine oxidase
(MAO) impeding the process of reuptake of monoamine
neurotransmitters inside the central nervous system,
leading to an increase in the quantities of physiologically
active monoamines present at the synaptic cleft.'*'* Sele-
giline is additionally utilized off-label for the manage-

ment of attention-deficit hyperactivity disorder.® One of
the byproducts of the MAO-catalyzed amine oxidation
reaction is hydrogen peroxide, which can be further pro-
cessed into reactive oxygen species to cause cytotoxicity.
Thus, reducing oxidative stress may be possible through
MAO activity inhibition.*' Furthermore, the observed ef-
fects of selegiline on numerous organs cannot be simply
attributed to its inhibition of MAO-B activity. Instead,
these effects are believed to stem from selegiline’s ability
to modulate cellular oxidation pathways and mitochon-
drial enzymes.” The efficacy of selegiline in scavenging
free radicals and its anti-inflammatory properties have
been previously demonstrated.”> Hence, based on the
aforementioned facts, it is evident that oxidative stress is
one of the major pathological pathway of RA leading to
destruction of synovial joints and which is again facilitat-
ed by inflammatory cytokines, it is justifiable to propose
that the utilization of selegiline could potentially yield
positive outcomes while managing of RA by impeding
the occurrence of oxidative harm and the activation of
inflammatory cytokines caused by free radicals.

Aim

The aim of this research encompasses of evaluating the
potential contribution of selegiline in the prevention of
proinflammatory cytokines in the RAW 264.7 macro-
phages cell including iNOS mediated NO, as well as its
ability to improve various arthritic parameters in com-
plete Freund’s adjuvant-induced RA rats, which is fur-
ther accelerated by lipopolysaccharide (LPS).

Material and methods

The compound selegiline was acquired from Abcam
(Product Code: ab120604), a reputable supplier known
for providing selegiline with a purity exceeding 99%.
This compound is readily soluble in water. The majority
of the chemicals utilized in the cell line assay and in vivo
animal experiment were obtained from Sigma, while the
other chemicals were sourced from reputable suppliers.
All the substances utilized in the experiment were of an-
alytical grade.

Cell culture and treatment

The RAW 264.7 cell line, specifically a macrophage cell
line, was acquired from the National Centre for Cell Sci-
ences located in Pune, India. According to the protocol
followed by Sahlan et al., RAW 264.7 macrophages cells
were cultured.” Briefly, these cells were nurtured in Dul-
becco’s Modified Eagle Medium (DMEM) with 10% fe-
tal bovine serum (FBS) and 1% solution of penicillin
- streptomycin at 37°C with 5% carbon dioxide followed
by subculture until they reached 70-80 % confluence in
a humidified incubator. The cells were allowed to grow in
fresh growth medium replaced in an interval of 2-3 days
following washing. After trypsin-EDTA treatment, the
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cells were isolated and plated for testing. Selegiline was
separately prepared into 2 mM solution, stored at —20°C.

Cell viability assay (MTT)

The cell viability assay for selegiline in RAW264.7 mac-
rophages was accomplished in accordance with Wen et
al. following the capability of viable cells to reduce yellow
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide) into a purple formazan product.*** To
summarize, 5x10° cells were planted into a 96 well plate
following incubation at 5% CO, and at 37°C for 24 hours.
After discarding the old medium, the cells were supplied
with fresh growth medium (180 mL) and 20ml of sam-
ple containing selegiline (50, 100, 150, 200 pg/mL re-
spectively) and again incubated for 24 hrs. Later 20 uL
of MTT (5 mg/mL) was incorporated to each of the wells
and the plate is placed for incubation at 5% CO,, 37°C for
3 hours. At last, the medium was discarded and in each
well 150 uL DMSO was transferred to dissolve the formed
formazan. At 490 nm, the absorbance was recorded and
cell viability was measured considering untreated cells as
control through subsequent mathematical expressions.

Cell viability (%) =
= (absorbance of test/absorbance of control) x 100

Estimation of iNOS, TNF-«, PGE,, and IL-6 in LPS-in-
duced RAW 264.7 cells

To estimate different proinflammatory cytokines, 96-
well plates have been seeded with 5x10° numbers of
RAW 264.7 macrophages followed by incubation with
selegiline (10, 50, 100 and 150 ug/mL). After 1 hr LPS (1
pg/mL) is incorporated and incubated for 24 hrs. Cells
without LPS or selegiline serves as negative control and
Cells with LPS but without selegiline serves as positive
control. After centrifugation, the culture supernatant
was recovered and the liberation of iNOS, TNF-a, PGE,,
and IL-6 was estimated through ELISA kits following
manufactures protocol. All the ELISA kits were obtained
from Abcam (ab253219 for iNOS, ab208348 for TNF-a,
ab287802 for PGE,, and ab222503 for IL-6, Cambridge,
United Kingdom) Prior to usage, all reagents were equil-
ibrated at room temperature (18-25°C) and prepared
accordingly. A volume of 50 pL of each sample, in ad-
dition to 50 pL of the antibody cocktail, was introduced
into the corresponding wells. Subsequently, the plate
was incubated for a duration of 1 hour at room tempera-
ture on a plate shaker operating at 400 rpm. Each well
was subjected to three rounds of washing using 350 pL
of Wash Buffer PT. A volume of 100 pL of tetrameth-
ylbenzidine development solution was introduced into
each well, followed by an incubation period of 10 min-
utes in a dark environment on a plate shaker operating
at 400 rpm. Following the addition of 100 pL of Stop
Solution to each well, the plate was subjected to agita-

tion on a plate shaker for a duration of 1 minute in order
to facilitate thorough mixing. Subsequently, the absor-
bance at a wavelength of 450 nm was measured and re-
corded. The stock solution used for the standard was
maintained at a concentration of 2000 pg/mL with an
additional seven serial dilutions, same protocol was per-
formed in order to generate the standard curve. Using
the standard curve, the concentration of these cytokines
was determined.**

Estimation of NO in LPS-induced RAW 264.7 cells
Griess reagent was used to quantify the NO level in
terms of measuring the nitrite in the supernatant. The
Griess reagent was prepared by combining equal vol-
ume of Sulfanilamide solution (1% w/v in 5% phos-
phoric acid) and N-(1-naphthyl) ethylenediamine
dihydrochloride (NED) solution (0.1% w/v in distilled
water). In short, in a 96-well microplate, 100 pL of the
cell culture supernatant was taken in each well and equal
volume of Griess reagent was added. A microplate read-
er measured absorbance at 540 nm after incubating the
mixture for 15 minutes. A sodium nitrite standard curve
determined the supernatants’ nitrite concentration.?

Experimental animals

After receiving clearance from the Institutional Ani-
mal Ethics Committee (CPCSEA Registration No. 544/
PO/C/02/CPCSEA), the college of veterinary science
at the Assam Agriculture University in Guwahati, As-
sam, provided healthy young adult nulliparous and non-
pregnant Albino Wistar rats of both genders (M/F). A
total of 40 animals were acquired for this experimental
technique, ensuring an equal distribution of males and
females. The animals were between 150 and 200 grams
in weight and 8 to 10 weeks old. They were kept in a
well-furnished, well-ventilated polypropylene cage ac-
companied by diurnal cycle characterizing 12 hours of
daylight and 12 hours of darkness, 22+3°C of room tem-
perature with relative humidity of 53-60%. The animals
spent five days getting used to the laboratory setting be-
fore the experiment, and they had unrestricted access to
pelleted food and fresh water.

Experimental design

The experimental procedure described by Brand et al. was
employed to produce arthritis in rats.” This involved the
administration of an emulsion containing collagen type II
(CII) with complete Freund’s adjuvant (CFA), with minor
adjustments made to the original approach. In summary,
a drop-wise addition of CII was performed to combine it
with CFA, whereby both substances were pre-chilled and
had an equivalent concentration of 2 mg/mL. This pro-
cess aimed to create a CII-CFA emulsion. On day zero,
200 pL of this combination is administrated at the base of
the tail intradermally on 34 rats (17 males + 17 females).
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No immunization was done in remaining 6 rats and kept
for negative control. On the day 11, Animals that had dis-
played clinical signs after being stimulated with CII-CFA
emulsion were randomly divided into four groups con-
sisting of total 24 animals (Gp II - Gp V). These groups
received the treatment of selegiline and Methotrexate
form day 11 to 27. On the fourteenth day, each animal
in these groups was intraperitoneally delivered 100 pL
of LPS solution, which was made as 1 mg/mL in phos-
phate buffered saline (PBS) with 7.2 pH and a molarity of
0.02 M. On the fifteenth day, each animal received an in-
tradermal booster dose of CII-CFA emulsion, with a vol-
ume of 100 pL. Each group consists of six animals, with
an equal distribution of three females and three males.
Group I was designated as negative control where neither
immunization nor treatment was provided. Group II was
positive control where arthritis was induced with Colla-
gen type II, CFA and LPS. In group III, treatment was
done with Methotrexate 2.5 mg/kg i.p. after induction of
arthritis. Group IV and group V represents the animals
treated with selegiline 10 mg/kg and 20 mg/kg i.p. respec-
tively after induction of arthritis

Evaluation of RA

The evaluation and severity of RA were conducted by
measuring the volume of the paws in bilateral pairs
and calculating the mean value based on three repeated
measurements (n=3). The quantitative arthritis scoring
in this study, as defined by De et al., involves assigning
a value between 0 and 4 to several parameters based on
the degree of erythema and swelling seen.”!

Evaluated parameters

The evaluation starts with measuring the body weight
of the rats before stimulation in combination with paw
volume and at 7-day intervals up to 28 days following
CII+CFA inoculation. The percentage change in bod-
yweight and paw volume were calculated. Hind paws
radiograph was captured and the degree of bone dam-
age was evaluated from 0 to 5 based on changes in bone
density, joint space, and exudates as no change, slight
change, slightly moderate, moderate, slightly severe and
severe respectively. Every animal was subjected to sac-
rifice 24 hours subsequent to the final intervention, on
day 28, and the plasma was extracted from the heparin-
ized blood collected through retro-orbital plexus fol-
lowing centrifugation at 2000gx10 minutes at stored at
-20°C before being promptly processed for biochemi-
cal analysis. The spleens were taken out from every rat,
promptly weighed, and spleen to body weight ratio was
followed to compute the splenic index.

Statistical analysis
The findings are displayed in accordance with mean +
standard error of the mean (SEM). Tukey HSD test, was

employed subsequent to the completion of a one-way
analysis of variance (ANOVA) in order to determine the
statistical significance (p value) in SPSS (IBM, Armonk,
NY, USA). The significance limits were established to be
*p<0.05 and **p<0.01, indicating statistical significance
and strong statistical significance, respectively.

Results

Cell viability assay

Selegiline was tested in vitro to examine how long pre-
viously cultivated RAW 264.7 cells could survive in 50,
100, 150 and 200 pg/mL of concentration respectively.
While calculating the cell viability (%) after recording
the absorbance at 490 nm, it was found to be 98.37+0.65,
98.32+0.60, 97.97+1.06, 97.88+0.75, 96.56+1 respective-
ly for the aforementioned concentrations while the p
value was appeared to be 0.133 (p>0.05) that represents
of being no significantly different among the groups.
Hence, 50 pg/mL to 200 ug/mL of selegiline exhibited
no cytotoxic effects on RAW 264.7 cells, as evidenced
by the absence of cell viability suppression (Fig. 1) nor
increase any cell viability compared to the negative con-
trol. The cell viability of 200 pg/mL selegiline exhibit-
ed the lowest but non-significant results. Therefore, for
subsequent investigations on anti-inflammatory mark-
ers in RAW264.7 cells, concentrations up to 150 ug/mL
are deemed appropriate.
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Fig. 1. Determination of cell viability through MTT assay,
“N”represents RAW264.7 cells without treatment, S10, S50,
$100, S150 and S200 represents RAW264.7 cells intervened
with selegiline 10, 50, 100, 150, 200 pg/mL

ELISA for TNF-a, IL-6 estimations

The involvement of inflammatory cytokines in the
pathophysiology and progression of RA has been
well-established.> The quantification of iNOS, TNEF-q,
PGE,, NO, and IL-6 release was conducted using ELI-
SA Kkits while the standard curve provides the concentra-
tion of these cytokines. After incubation with selegiline
in the concentration of 10, 50, 100, 150 ug/mL, LPS was
incorporated to the RAW264.7 cell and again incubat-
ed for 24 hours. Fig. 2A and 2B represents highly signif-
icant (p<0.01) elevation in the value of TNF-a and IL-6
in RAW264.7 cells after incubation with LPS. 100 pg/mL



10

European Journal of Clinical and Experimental Medicine 2024; 22 (1): 6-16

and 150 pug/mL of selegiline quite capable of decrease in
the production of TNF-a in contrast to LPS provoked cells
(p<0.05). However, 10 and 50 pg/mL of selegiline did not
show a notable drop in TNF-a production (Fig. 2A). On
the other hand, in the context of assessing the inhibitory
potential of selegiline on IL-6 in LPS-induced RAW264.7
macrophages, 10 pg/mL of selegiline did not demonstrate
any effectiveness (p=0.103). Notably, dose-dependent re-
duction in IL-6 production was executed by selegiline at
concentrations of 50, 100, and 150 pg/mL in LPS-induced
cells, with statistical significance (p<0.01) (Fig. 2B).

ELISA for iNOS, PGE, estimation

In order to provide more clarification of selegiline curb-
ing inflammation, PGE, release was assessed in LPS pro-
voked RAW 264.7 cells. The findings are presented in Fig.
2C, where it is observed that treatment with 1 ug/mL LPS
greatly enhanced the level of prostaglandin E, (PGE,)
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(p<0.01). Conversely, the concentration of only 150 ug/
mL of selegiline resulted in reduction in PGE, produc-
tion in the respective cell line (p<0.05), while the other
incorporated concentrations didn’t have any significant
effect in case of PGE, reduction. Fig. 2D denotes the ef-
fect of selegiline mitigating the production of iNOS after
treating with LPS in RAW264.7 cells. INOS may be made
to continue producing excessive NO after being stimu-
lated by the immune system or microbes, which in turn
release more inflammatory cytokines.* Following treat-
ment with LPS, the level of iNOS is increased significantly
in RAW264.7 cells (p<0.01). This study revealed that the
level of iNOS in LPS induced cell did not exhibit a signif-
icant drop following treatment with a concentration of 10
ug/mL of selegiline (Fig. 2D). But interestingly, 100 and
150 ug/mL of selegiline significantly diminished iNOS
production in LPS induced RAW264.7 cells (p<0.01)
whereas 50 pg/mL made it little significant (p<0.05).
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Fig. 2A. Determination of the level of TNF-q, 2B. Determination of the level of IL- 6, 2C. Determination of the level of PGE,, 2D.
Determination of the level of iNOS, 2E. Determination of the level of NO, “N” depicts RAW264.7 cells without treatment, “LPS”
depicts RAW264.7 cell treated with Lipopolysaccharide 1 ug/mL. S10, S50, S100 and S150 depicts RAW264.7 cells intervened
with 10, 50, 100 and 150 pg/mL of selegiline along with lipopolysaccharide 1 pg/mL
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group Il is positive control, group lll, IV and V denotes animals treated with methotrexate 2.5 mg/kg, selegiline 10 and 20 mg/

kg respectively after inducing RA
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Group | is negative control, group Il is positive control, group lll, IV and V denotes animals treated with Methotrexate 2.5 mg/

kg, selegiline 10 and 20 mg/kg respectively after inducing RA

Determination of NO level

Increase in the level of NO in synovial fluid as well as
in serum is has been determined to be linked with the
pathogenesis of RA.* In our present study increase in
the NO level was highly significant in the LPS (1 pg/
mL) stimulated cells (p<0.01). The findings of this in-
vestigation indicate that the concentration of NO in
LPS-induced cells did not demonstrate a statistically
significant decrease after being treated with a dose of
10 pg/mL of selegiline, as seen in Figure 5. However, it
is noteworthy that the efficacy in reducing NO genera-
tion in LPS provoked RAW264.7 cells was shown to be
statistically significant for 50 and 100 pg/mL of sele-
giline (p<0.05), and highly significant at a dose of 150
pg/mL (p<0.01).

Effect of selegiline on body weight and paw volume of
the animals

To evaluate the consequence of selegiline on RA, LPS
provoked CFA induced arthritis in rat model was im-
plemented. CFA rats exhibit the highest degree of sim-
ilarity to human RA in terms of etiology, immunology,
and genetical features.® Rats body weight were con-
stantly monitored following incorporation of Collagen
type Il and CFA emulsion and the paw volume was re-
corded using digital plethysmometer at the interval of
3 days. The reduced in the body weight and elevation
of paw volume was observed in animals following RA
pathological mechanism (Fig. 3A and 4A). Observing
the degree of erythema and swelling, division of rats
were carried out and intervention was employed. In
Figure 3B, our findings indicate that 10 and 20 ug/mL
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of selegiline, as well as methotrexate, had significant
efficacy in promoting weight gain in rats with chemi-
cally induced arthritis. This was determined by assess-
ing the percentage change in body weight after 28 days
(p<0.05). On the contrary, only 20 pg/mL of selegiline
was capable to reduce the paw swelling in arthritic in-
duced rats (p<0.05), while measuring at the end of 27
days as represented in Fig. 4B and 4C. Selegiline there-
by effectively improved the delayed weight gain of rats
brought on by LPS stimulated immunization, as well as
reduced erythema and oedema.

Arthritic index by radiographic technique (X ray)

All the rats were proceeded for radiographic anal-
ysis with a 55kVp exposure for 6.4 mAs at day 28. As
shown in the Figure 5A and 5B the degree of bone dam-
age (arthritic index) was calculated from 0 to 5 based
on changes in bone density, joint space, and exudates. A
prominent bony erosion and swelling of soft tissue was
observed in positive control group leading to wrecking
of bones and stenosis of joint spaces. Interestingly, sele-
giline 20 pg/mL (Group V), also standard methotrexate
(Group III) was significantly effective (p<0.05) in re-
ducing arthritic index in immunized rats manifested by
slowing down cartilage destruction and synovial hyper-
plasia. Unfortunately, selegiline 10 pug/mL failed to pro-
duce any noticeable effects.
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Fig. 5A. Arthritic index of the rats, 5B. Radiographical
study, group | is negative control, group Il is positive
control, group llI, IV and V denotes animals treated
with methotrexate 2.5 mg/kg, selegiline and 20 mg/kg
respectively after inducing RA

Splenic index of the animals

After sacrificing the rats at day 28, spleens were tak-
en out and spleen to body weight ratio was followed to
compute the splenic index.*® Fig. 6 depicts the splenic
index for the rats of all the groups. The splenic index in
group I (negative control) is reported as 0.31+0.02, but

the arthritic rats without intervention (group II) had a
significantly higher splenic index of 0.46+0.02. It is fas-
cinating to mention that selegiline at the concentration
of 20 pg/mL is highly efficient to reduce the splenic in-
dex up to 0.37+0.01 (p<0.05). Selegiline at a dose of 10
pg/mL was found to have a splenic index of 0.42+0.03,
without denoting any statistical significance.
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Fig. 6. Splenic index of the rats, group | is negative control,
group Il is positive control, group lll, IV and V denotes
animals treated with methotrexate 2.5 mg/kg, selegiline
and 20 mg/kg respectively after inducing RA

Table 1. Evaluated biochemical parameters in experimental

rats®

Parameter  Unit Groupl  Groupll  Grouplll  GroupIV GroupV
Erythocytes (x10°pl) 94+089  7.1+1.12  89+125  7.89+21  7.9+167
Leukocytes (x10°%/pl) 124186  15.1+£245 12.89+1.89 1453+245 1464221
Haemoglobin  g/dl ~ 113£199  93+23 1014342 98+235  9.7+1.94

Neutrophils (< 10°/ul) 24+045 3.02+0.99 285077 2.99+0.88 2.19+1.01*
Lymphocyte (X 10°%/ul) 852+2.1 10.65+149 9.26+2.01* 10.10+1.87 9.15+2.33%
Eosinophils (x10°%L) 0.6+075 0.83+0.86 0.73+0.66 0.83+0.55
( )
( )

0.82+0.42
Monocytes (< 10%/ul) 036+£0.22 05+031 046+042 049+£039 0461044
Basophils (< 10%/uL) 0.12£0.05 0152007 0.15+0.08 0.15+£0.07  0.14+0.08

AST UL 8294646 101.75+55 9433+49 9859+551 98.99+4.38
AT UL 4984348 6756+46 50.19+28 60.23+4.12 58554378
ALP UL 21034549 250.65+4.1 230.86+3.88 235.35+3.87 22135+4.04

NF-a pg/mL  195.87+3.56 358.66+2.45 285.38+2.79 323.48+2.15 295.64+3.15%
I-6 pg/mL  249.56:2.95 389.47+3.45 315.43+3.78 335.35+3.58* 305.54+2.49%

2 Animals were sacrificed on day 28 and plasma was
extracted from heparinized blood collected from each
animals, plasma was stored at -20°C and proceeded for
biochemical analysis, group | is negative control, group Il is
positive control, group lll, IV and V denotes animals treated
with methotrexate 2.5 mg/kg, selegiline 10 and 20mg/kg
respectively after inducing RA, the data are shown as mean
+ SEM and one way ANOVA followed by Tukey HSD test
was performed, *p<0.05 represents statistical significance
while comparing with positive control

Biochemical analysis

The impact of selegiline on the hematological param-
eters of rats with induced arthritis was also examined.
CII+CFA group of rats demonstrated white blood cell
elevation, red blood cell and hemoglobin diminution
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with regard to the normal group. Although, rats that
were treated with standard methotrexate and selegiline
exhibited a rise in red blood cell count, hemoglobin lev-
els, and a decrease in white blood cell count, as com-
pared to the rats in the arthritic condition, none of the
values are statistically significant. However, selegiline
20 ug/mL (group V) decrease neutrophil and lympho-
cytes count significantly (p<0.05) in arthritis induced
rats. Both methotrexate and selegiline decrease AST,
ALT and ALP level non significantly in the blood of ar-
thritis induced rats. The TNF-a and IL-6 were appeared
to be much higher in Arthritic untreated group. Inter-
estingly, selegiline 20 pg/mL (group V) can significantly
decrease these cytokines levels (p<0.05). To a surprise
10 pg/mL (group IV) of selegiline can also decrease the
IL-6 to a significant level whereas the effect of selegiline
20 pg/mL is higher than the standard methotrexate. All
the results are represented in Table 1.

Discussion

Numerous proinflammatory cytokines and immuno-
modulatory cells take part in RA, despite the fact that
the exact cause is still being investigated and therefore
significant number of patients with RA do not respond
adequately or experience limited effectiveness after the
treatment with DMARDSs.>* A lot of researches are go-
ing on in search of new potential drug candidate either
as a regular or supportive therapy. A lot of evidence
suggests the potential involvement of ROS in the eleva-
tion of oxidative stress contributing to the pathogene-
sis of RA.* Selegiline is mainly a synthetic compound
primarily employed for the treatment of Parkinsons
disease through the inhibition of mono amine oxidase
enzyme.”' Selegiline effectiveness in mitigating oxida-
tive damage caused by free radicals has been studies
previously and discovered to be efficient. This may be
attributed to the inclusion of a propargylamine moiety
that possesses an acetylene group. This functional group
facilitates the donation of proton ions, enabling the
scavenging of free radicals. Additionally, selegiline has
been found to exhibit in vitro antiarthritic action.** In
the present study, the selegiline was evaluated for anti-
rheumatic effect both in RAW 264.7 macrophages cell
line and LPS accelerated CFA induced RA in rats mod-
el. Significantly, selegiline was found to be efficient with
intriguing potential in reducing proinflammatory cy-
tokines in RAW 264.7 macrophages as well as improv-
ing different conditions such as body weight, arthritic
index, splenic index, paw volume, joint and cartilage
deformation in arthritic rats. Macrophages fulfill cru-
cial duties in the initiation and progression of inflam-
matory processes in respond to pathogenic assaults,
such as infections, and perform immune regulatory ac-
tivities.* The RAW 264.7 cells exhibit characteristics
similar to macrophages. The RAW 264.7 cells demon-

strate an upregulation in the generation of NO and an
enhancement in phagocytic activity by inducing iNOS
activity while stimulated with LPS.* Therefore, the sup-
pression of these excessive synthesis of cytokines by
blocking iNOS may present a remarkable remedy while
treating disorders characterized by underlying inflam-
mation. Our findings revealed a notable augmentation
of iNOS, TNF-a, PGE,, NO, and IL-6 in LPS provoked
RAW 264.7 cell line. Among all these cytokines, it was
observed that selegiline 150 pg/mL is highly significant
in attenuating iNOS, NO and IL-6 generation in LPS
provoked RAW264.7 cell line. By promoting the migra-
tion of lymphocytes and macrophages and the synthe-
sis of inflammatory mediators like TNF-a, IL-6, IL-1,
and IL-10, the CFA has been shown to increase per-
vasive inflammation. Despite the several proinflam-
matory mediators, IL-6 is considered to have the most
significant impact on arthritis generated in rats by
CFA.® These mediators subsequently results in harm
to the tissue and articular cartilages, ultimately giving
rise to the characteristic signs and symptoms associated
with RA.** Further these release were boosted by in-
corporation of LPS in experimental rats.* While evalu-
ating the biochemical parameters in the blood of CFA
induced arthritic rats, selegiline 20 pg/mL illustrate
significantly lower in both TNF-a and IL-6. The over-
expression of TNF-a, pertaining to cytokines surplus
including IL-6, is currently well established to cause
synovial inflammation and joint degeneration in RA
patients.”” Although, IL-6 typically controls the acute
phase response, both TNF-a and IL-6 are enormous-
ly essential regulators of inflammation throughout the
progression of RA.* Therefore, evaluating the level of
TNF-a and IL-6 became enormously vital in the serum
of CFA induced arthritis rats including the intervention
groups. In addition, it was found that rats treated with
CFA had much larger paws, lighter bodies, gradually
deteriorating joints and cartilage, and higher arthrit-
ic and splenic indexes. Numerous researchers propose
that the immunological response in RA inflammation
may be initiated potentially through inflammatory reg-
ulator release, endothelial dysfunction, involving iNOS
activation and an augmented generation of myeloper-
oxidase. Spleen is one of the major organs for the reg-
ulation of immune response producing more immune
cell and filtering cell that are dead and hence enlarge-
ment of spleen is a common condition associated with
chronic inflammatory disorder.* The observed eleva-
tion in the spleen index in rats induced with CFA may
be attributed to the process of immune cell filtration,
which includes the removal of deceased red and white
blood cells. Our study represents a commendable im-
provement in paw swelling and splenic index in day
27 than day 11 indicating a remarkable effect of sele-
giline in the disease progression of RA. This result can
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be attributed to the significant reduction in neutrophil
and lymphocyte, the major inflammatory cells in the
blood of selegiline treated CFA induced arthritic rats.
Although selegiline were able to change certain other
biochemical markers in a favourable way, but the re-
sults were not found to be statistically significant. At el-
evated doses, selegiline has the capability to hinder the
activity of MAO-A and enhance the functioning of cat-
echolaminergic neurons by means unrelated to MAO-
B inhibition. These mechanisms include the stability of
mitochondrial membrane potential, as well as the exer-
tion of anti-apoptotic and antioxidant actions.* There
exists a body of research indicating a potential involve-
ment of MAO-A in specific inflammatory conditions
such as rheumatoid arthritis; however, the underlying
mechanisms remain inadequately comprehended. The
potential effects of this substance include the modu-
lation of cytokine production and immunological re-
sponses, as well as the generation of ROS through the
byproduct of monoamine metabolism developing joint
inflammation.’! Collectively, all these findings hold the
possibility of selegiline to counteract the inflammation
and deformation of joints, bones and cartilages in CFA
induced rats by inhibiting IL6, iNOS, limiting the ex-
cess production of major inflammatory cells and ex-
aggeration of NO facilitated oxidative stress and also
by suppressing peripheral MAO-A enzyme. This re-
search demonstrates possible promise in investigating
the therapeutic effectiveness of selegiline for the treat-
ment of RA. Nevertheless, it is important to acknowl-
edge that the study has several limitations. This study
is of a preclinical nature, with a primary emphasis on
conducting in vitro studies using cell lines and in vivo
investigations utilizing animal models. It is important
to note that the findings from these experiments may
not necessarily reflect human reactions with complete
accuracy. Furthermore, a restricted quantity of experi-
mental animals is employed. The study fails to exam-
ine the potential adverse effects or safety considerations
associated with high-dose administration of selegiline.

Conclusion

The research presented in this article provides inside
into the potential therapeutic efficacy of selegiline in the
context of RA. This study explored its antirheumatic ef-
fects both in vitro, using RAW 264.7 macrophages, and
in vivo, employing CFA induced RA in rats. The results
demonstrated that, in LPS provoked RAW 264.7 mac-
rophages, selegiline effectively reduced proinflammato-
ry cytokines, iNOS, NO, and IL-6, for instance. In the
CFA-induced arthritic rat model, selegiline treatment
leads to improvements in various disease parameters,
such as body weight, arthritic index, splenic index, paw
volume, and joint and cartilage destruction. Notably, in
the serum of CFA-induced arthritic rats, selegiline sig-

nificantly lowered TNF-a and IL-6 quantity. The out-
comes reveal that selegiline highlights potential as a
prospective therapy for RA by mitigating inflammation,
preventing joint and cartilage damage, and modulating
immune responses. In light of the identified limitations
of this study, it is imperative to conduct more research
and clinical trials in order to substantiate the findings
and explore selegiline’s potential as a viable treatment
option for patients suffering from this debilitating auto-
immune disease.
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