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Abstract:

Background:The management of inflammatory conditions like gout arthritis often involves
acetaminophen for pain relief, though its anti-inflammatory efficacy is limited. Agmatine sulfate has
been shown to potentially enhance the anti-inflammatory properties of acetaminophen, offering a
promising approach to improving treatment outcomes for gout patients. Forty male wister albino rats,
were used in this study and divided into five groups (n= 8 rats/group) and orally administered with
the followings: Group 1 received 1000mg/kg of agmatine sulphate; Group 2 received 1000mg/kg of
acetaminophen; Group 3 animals were co-administered with 900mg/kg of acetaminophen and
100mg/kg of agmatine sulphate, respectively; Group 4 rats were co-administered with 700mg/kg of
acetaminophen and 300mg/kg of agmatine sulphate, respectively. Group 5 is co-administered with
acetaminophen (500mg/kg) and agmatine sulphate (500mg/kg), respectively.

Aims:The present study was conducted to investigate the anti-inflammatory effect of acetaminophen
(using various doses of acetaminophen-agmatine sulphate combination) against gouty arthritis
induced by monosodium urate crystals in male rats.

Results: This study found that all gouty arthritis treated groups had significantly low levels (P<0.05)
of white blood cells and visual weight-bearing test. Haemoglobin and red blood cell counts in groups
4 and group 5 demonstrated high significant values (P<0.05). Joint stiffness in groups 1 and group 5
were significantly decreased (P<0.05). Conversely, mobility test exhibited the high significant score
(P<0.05) in all groups. Erythrocyte sedimentation rate exhibited a substantial decrease (P<0.05) in
groups 4 and group 5.

Conclusions:Overall, this study indicated that agmatine enhances the therapeutic profile of
acetaminophen as mild anti-inflammatory agent when given as combination
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Introduction:

Gouty arthritis (GA), caused by disorder resulting from disturbance in urine metabolism (Chi et al.,
2020), It was regarded as one of the most wide spreading chronic health issues (Hasan, 2014). It is
primarily driven by increased uric acid production (QassimHosein et al., 2016), often exacerbated by
acute and chronic inflammation and tissue injury (Zhao et al., 2024), The clinical manifestations of
acute gouty arthritis are abrupt, marked by redness, swelling, hyperthermia, stiffness, pain, and
impairment of the afflicted joint and adjacent tissues (Abduljaleel et al., 2023; Singh & Gaffo, 2020),
and inflammatory cells causes a purulent effusion, leading to cartilage destruction and
increased joint pressure (Al-Awadi, 2014). The individual is experiencing significant discomfort
(ALQAYSI & ALABBAS, 2024), and can be treated with non-steroidal like ibuprofen and
paracetamol (Hazlewood et al., 2012; Mahmood, 2024). Acetaminophen (paracetamol; N-acetyl-p-
aminophenol) (Al-Abachi et al., 2008) is the active metabolite of phenacetin (Hamad, 2016).

Paracetamol can be administered orally, rectally, and intravenously, also it can be give alone or co-
administered with other drugs (Sharma & Mehta, 2014). Paracetamol is among the most widely
prescribed drugs worldwide (Al-Rekabi et al., 2009). It can be converted to a reactive metabolite
called N-acetyl-p-benzoquinone imine (NAPQI), NAPQI is synthesised in the liver by the
cytochrome P-450 isoform (Hameed & Hassan, 2023). Paracetamol is promptly absorbed by all
tissues, at therapeutic concentrations, protein binding is minimal, and the half-life (t1/2) of
paracetamol in healthy individuals lies between 2 and 2.5 hours (Al-Rekabi & Alrobyrai, 2024). 1t is
eliminated through urine (Hameed & Hassan, 2022). After removing the chemicals that trigger an
immune response, it is crucial to reduce inflammation to prevent further damage and the
development of autoimmune diseases like multiple sclerosis, rheumatoid arthritis, Crohn's disease,
psoriatic arthritis, and systemic lupus erythematosus (Fahd & Saliem, 2024).

Agmatine was discovered in 1910 by Nobel Laureate Albrecht Kossel and it was identified in herring
sperm, resulting from the decarboxylation of arginine by arginine decarboxylase, which produces the
polyamine aspartate, agmatine is predominantly conserved across nature and is produced by bacteria,
plants, and invertebrates (Saha et al., 2023). Arginine is amino acids are essential for building the
body (Atiyah, 2025). Agmatine is an inhibitor of nitric oxide synthase (NOS) and possesses anti-
inflammatory and antioxidant properties, in vivo and in vitro investigations have shown that it
inhibits fibroblast proliferation and reduces the release of inflammatory cytokines such as TNF-o and
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IL-6. Due to its biochemical and antioxidant properties, it can repair localised tissue damage and
systemic problems (Yeniceri et al., 2024). The purpose of this study was to determine the optimal
dose of acetaminophen and agmatine sulphate to reduce inflammation in gout ilness patients.

Materials and Methods:
Experimental Animals

Forty male albino rats (225g +2.4g, two months old) were utilized in this study. Rats were in placed
in plastic cages (60*40*20cm) and housed in the laboratory animal facility for two weeks for
acclimatization before running any experiment. Distilled water and common rodent food
(commercial feed pellets) were also freely accessible.

Experimental Design

The rats were randomly divided into five different groups (labelled G1 to G5, eight rats in each
group) according to orally treated with the following drugs: Group (G1) administered with agmatine
sulphate (1000mg/kg); Group (G2) received only acetaminophen (1000mg/kg); Group (G3) is co-
administered with acetaminophen (900mg/kg) and agmatine sulphate (100mg/kg), respectively;
Group (G4) received acetaminophen (700mg/kg) plus agmatine sulphate (300mg/kg), respectively;
Group (G5) is co-administered with acetaminophen (500mg/kg) plus agmatine (500mg/kg),
respectively.

Induction of gouty arthritis

Acute and intense joint discomfort will be caused by subcutaneous injections of monosodium urate
(MSU) at 1 mg per 0.1 ml into 32 male rats' ankle joints. Urate crystals were obtained by dissolving
1g uric acid in 200ml boiling water with 6ml 1IN NaOH. The pH was maintained (7.2) by the
addition of HCI to the solution. After cooling and stirring at room temperature, the solution was
stored overnight at 5 °C. Then, filtration process was performed to remove any undissolved particles
from the solution. The solution was then filtered via a 250-micrometre wire mesh after light heat
drying. 0.9% saline and 10% Tween 80 was added to the solution. Before injection, rats were sedated
with chloroform before injection (Lee et al., 2013).

Evaluation of gouty arthritis

Grading system of joint stiffness was used to assess gouty arthritis. Score 2 shows limited ankle
bending and extension, 1 no limitation, and O none. During mobility testing, Scores: 6= animal walks
normally, 5= ipsilateral hind paw fully touches floor, 4= only toe touches floor, 3= contralateral paw
and floor fully touches, 2= only toe touches floor. 1= animal crawls using forelimbs, 0= no
movement. Weight-bearing visual test: zero—normal paw pressure, equal hind weight normal paw
pressure, floor paw, unequal hind toes. Scoring 1: floor paw, little lessened pressure, no toes spread.
1.5= midway paw pressure reduction, 1-2. Score 2: Curled paw almost touching floor Score 2.25=

3
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lightly curled, rarely contacts floor, moderate paw pressure Score 2.5= gentle curled paw with
intermittent floor contact, 2.75 = gentle curling, low-pressure, limited floor contact. Score 3: Fully
lifted paw, significant pressure decrease.

Statistical Analysis

The statistical analysis system (SAS, 2018) was used to detect the effects of different factors on the
study parameters. The least significant difference (LSD) test was used to compare means
significantly (One-way and Two-way ANOVA) in this study.

Ethical approval

All laboratory animals used in this study were approved by The Scientific Committee of the College
of Veterinary Medicine, University of Baghdad in compliance with the ethical principles guidelines
on the care and use of animals in research (P.G.300- 11/2/2024) of animal welfare.

Results:

Effects of agmatine sulphate and paracetamol on blood parameters (WBC, HB, RBC and ESR)
in arthritic rats.

The results of this study indicated that gout-inducted groups had higher value of WBC and ESR
levels, and had lower levels of HB and RBC in comparison to the other groups as shown in table 1.
All groups of treatment showed no significant differences in WBC analysis, but showed significant
decrease (P<0.05) in WBC when compared with induction group (28.048+1.63), as seen in table 1.
On other hand, haemoglobin level in G 5 had highest significant value (16.68 +0.73) among all
groups. Also, G4 had no significant differences when compared with G5 but was still higher than
other groups. G2 showed significant decrease (P<0.01) in value (15.34 +0.82) compared with G4 and
G5 (table 1). Haemoglobin (14.36 £0.76), (14.32 +0.69) concentration was significantly decreased in
G1, G3 in comparison with other control and treated groups. Additionally, red blood cells in G2, G4
and G5 had lowest values in comparison with control group. whereas G1 had lower value, (6.820
+0.21) compared with control and G2, G4, G5 groups as shown in table 1. G3 had highest significant
(P<0.01) value compared with other treated groups. In erythrocyte sedimentation rate, the gout
induction group had the highest significant (P<0.01) value in comparison with control group
(22.4+2.08). G5 had lowest significant value (3.6 £0.18) compared with all treated groups. On the
other hand, G4 had also lower significant value (5.0+£0.27) compared with control group and G5
(3.92£0.14) and (3.6+0.18). G3 had lower significant value (7.4+0.42) comparison with control
group, G5 and G4, as seen in table 1. Finally, G1 and G2 had highest significant value when
compared with all other treated groups and control (table 1).
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Table (1): Effect of acetaminophen-agmatine sulphate co-administration in different doses in blood picture (WBC,
HB, RBC and ESR).

Groups of rats WBC 10°/1 HB g/dI RBC 10/ (E.S.R.) mm/hr
Control 7.684 +0.52 15.32 £0.74 6.582 £0.46 3.92 +0.14
c bc c d
Induction 28.048+1.63 13.69 £0.61 5.158 £0.32 22.4 £2.08
a d d a
Gl 15.506%0.74 14.36 £0.76 6.820 £0.51 8.4 £0.58
b cd bc b
G2 18.058+1.03 15.34 £0.82 7.458 £0.48 8.2 +0.61
b bc ab b
G3 17.78 £0.83 14.32 +0.69 5.702 £0.43 7.4 +£0.42
b cd d bc
G4 16.828+0.71 16.46 +0.85 7.714 +0.55 5.0 £0.27
b ab a cd
G5 15.656+0.79 16.68 +0.73 7.808 +£0.48 3.6 +0.18
b a a d
LSD value 3.894 1.287 0.784 3.081
Means having with the different letters in same column differed significantly. * (P<0.05). **(P<0.01).

The high level of WBC in arthritic rats referred to stimulation of the immune system against
invading pathogenic microorganisms. Also, the elevated erythrocyte sedimentation rate (ESR) in
arthritic rats provides valuable insights on the prolonged duration and intensity of the disease. This
results fall in line with (Patel & Pundarikakshudu, 2016). Agmatine sulphate may mitigate white
blood cell activity and inflammation in gout patients by inhibiting the synthesis of pro-inflammatory
cytokines, which are signalling molecules that facilitate inflammation (Dakkak & Lanney, 2021).
Several studies indicate that paracetamol may block the enzyme myeloperoxidase, which plays a role
in the synthesis of inflammatory oxidants. This inhibition may contribute to its moderate anti-
inflammatory properties and reduce the inflammatory mediators (Graham et al., 2013; Ohashi &
Kohno, 2020; Sharma & Mehta, 2014). On the other hand, a higher erythrocyte sedimentation rate is
linked to an increase in the synthesis of endogenous proteins, including fibrinogen and o/p globulin
However, agmatine sulphate which may indirectly influence fibrinogen levels, as fibrinogen is an
acute-phase protein that elevates during inflammation (Luyendyk et al., 2019). Moreover, anaemia
has also been found in individuals with chronic arthritis because of decreased levels of
erythropoietin, an impaired response of the bone marrow to erythropoietin, and premature
destruction of red blood cells (Sun et al., 2023).
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Effect of agmatine sulphate and paracetamol in joint stiffness, mobility, gait, arthritis score,
visual weight bearing test on arthritic rats.

Joint stiffness, mobility test and visual weight parameters showed the highest significant value in all
induction groups (2.00 £0.00), (3.80 £0.17) and (3.00 +0.16) according to scoring arthritis system.
Joint stiffness in G1 and G5 had the lowest significant values in comparison with other treated
groups and control group (0.00 £0.00) and (0.20 +0.01), as seen in table 3. Additionally, G2 (0.40
+0.03) has a lower value in comparison to the values of G1, G5 and control (0.00 £0.00), (0.20
+0.01) and (0.00 +0.00), respectively. Conversely, joint stiffness in the G3 and G4 groups had largest
significant values in comparison with control and all treatment groups.

Mobility test indicates that there were no significant differences among all treatment groups. In
visual weight, after five days of treatment alone with agmatine or paracetamol or in co administration
in different doses, no significant value was observed between all groups (G1, G2, G3, G4 and Gb5),
these values have lowest significant in comparison with induction group (3.00 £0.16), as seen in
(table 2).

Table (2): Effect of acetaminophen-agmatine sulphate co administration in different doses on joint stiffness,
mobility and visual weight bearing test in gouty arthritis rats.

Groups of rats | Joint stiffness | Mobility test | Visual weight bearing test
Control 0.00+0.00c | 6.00+0.31a 0.00+0.00 b
Induction 2.00£0.00a | 3.80+0.17 b 3.00+0.16 a
Gl 0.00+£0.00c | 6.00+0.31a 0.10£0.02 b
G2 0.40 +0.03 bc | 5.40+0.22 a 0.30+0.04 b
G3 0.60+0.05b | 5.40+0.19 a 0.50+0.03 b
G4 0.80+0.05b | 5.40+0.19a 0.40£0.03 b
G5 0.20+0.01c | 5.80+0.16a 0.10+0.02 b
LSD value 0.317 1.355 0.528

The results observation throughout the current study suggests that there is an increasing evidence
indicating the involvement of non-oxidative stress (NO) in the development of some autoimmune
disorders, such as rheumatoid arthritis (RA), preclinical studies have shown a significant rise in NO
levels and subsequent restoration by specific inhibitors in experimentally generated arthritis rats, this
is shown in the groups treated with agmatine or in combination agmatine- paracetamol which had a
low exhibition of symptoms due to the selective inhibitory effect of agmatine sulphate on nitric oxide
(Rafi et al., 2024). Therefore, agmatine has a potential effects and it is a potent long-term anti-
arthritis medication for managing the painful symptoms of RA (Taksande et al., 2017).
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Conclusions:

Using injection of monosodium urate crystals in ankle joint at dose 0.1ml showed increasing in
WBC, RBC, ESR, HB, joint stiffness, mobility test and visual weight bearing test. Oral
administration of agmatine sulphate (1000mg/kg) alone showed a decrease in the total WBC, joint
stiffness, mobility test and visual weight bearing test. Furthermore, oral administration of
acetaminophen (500mg/kg) with agmatine sulphate (500mg/kg) revealed decreased WBC, ESR, joint
stiffness, whereas RBC and HB values were increased.

Recommendations:

Future studies may include other parameters, such as tumour necrosis factor-alpha (TNFa) and the
level of interleukin 6 (IL-6) to determine gouty arthritis. The time of gout arthritis induction may be
prolonged from 21-30 days to increase the signs of scoring. Moreover, different rodent type (e.g.,
mice) can be used to further investigate the effects of acetaminophen by agmatine sulphate.
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