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			Abstract | The study was conducted to synthesize zinc oxide nanoparticles (ZnONPs) biologically by using Syzagium aromaticam extract and evaluate the effect against Polyarthritis produced by complete Freund’s Adjuvants injected (S.c.) into the hind paw. The confirmation of the synthesis and characterization of ZnONPs was achieved through the utilization of a UV-spectrophotometer and SEM. For this purpose, eighteen adult male rats 200 ± 50 g at six months of age will be randomly divided into three groups, each containing six rats. Groups 2 and 3 were treated daily for 14 days from the day of Freund’s adjuvant injection with SaZnONPs and piroxicam at doses 2.5 and 5 mg/kg B.W., respectively, while (Group 1) was positive control. Blood samples were obtained using cardiac puncture at three time points during the experiment: at the beginning (zero time) and on the 12th and 21st day. These samples were collected specifically for serum collection. In the present investigation, the administration of SaZnONPs to infected rats yielded noteworthy reductions in the levels of the pro-inflammatory cytokine TNF-α. SaZnONPs demonstrated an elevation in the levels of the anti-inflammatory cytokine IL-10, which is known to play a crucial role in safeguarding tissues against damage caused by inflammation. These results led us to hypothesize that SaZnONPs therapy speeds up the switch from an inflammatory to an anti-inflammatory response during the healing process. The histopathological observation showed that a section of a joint in groups treated with SaZnONPs had a normal joint cavity with normal articular cartilage compared with other treated groups. Accordingly, the findings of the present study suggested that ZnONPs reinforced with clove can be anti-arthritis treatments and may be utilized as a substitute for medicines currently on the market.
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			INTRODUCTION 

			 

			Arthritis is a group of severe inflammatory disorders characterized by a mild to severe degree of inflammation and degradation in the joints and auxiliary components such as bones and cartilages. Inflammation manifests itself in classic arthritic symptoms such as swelling and stiffness in a single or numerous joints, resulting in pain and suffering for long periods of time. Rheumatoid arthritis, osteoarthritis, infectious arthritis, psoriatic arthritis, lupus arthritis, fibromyalgia, ankylosing spondylitis, gout, and juvenile arthritis are some of the extant types of arthritis (Hasan  et al., 2014; Singha et al., 2020). The most common arthritis-related conditions are osteoarthritis (OA), rheumatoid arthritis (RA), and gout. However, the major focus of this research will be on the first two categories, OA and RA. Both of these conditions have similar pathological manifestations, but RA is an autoimmune condition while OA gradually worsens with age (Bandyopadhyay et al., 2018). The cause of RA is unknown, but there is evidence linking the autoimmune response to joint inflammation, with genetics and some environmental factors like smoking and infectious diseases playing a major role as contributing factors (Faiq et al., 2019). Contrarily, OA causes inflammation in nearly every joint component, including the cartilage, bones, and ligaments, which leads to stiffness and, ultimately, pain in the flexing joints. Both of these arthritic disorders are chronic because they last a long time and have not yet been permanently cured, which the most is depressing aspect supported by literature (Singha et al., 2020). Non-steroidal anti-inflammatory medicines (NSAIDs), disease-modifying anti-rheumatic drugs (DMARDs), glucocorticoids, and certain biological therapies have so far been used to treat these debilitating illnesses (Halasz and Carpenter, 2022). However, extended use of these drugs has a number of drawbacks, including hepatotoxicity, renal toxicity, gastrointestinal hemorrhage, immunosuppression, hyperglycemia, and so on (Naser et al., 2011; Mahdi et al., 2012). Therefore, the search for innovative pharmaceutical agents has emerged as a practical alternative to conventional anti-inflammatory drugs. As a result, many compounds have been synthesized to selectively target cytokines involved in the inflammatory response and disease progression.

			 

			Nanotechnology is a novel and intriguing science that aims to create unique materials at the nanoscale scale. As a type of nanomaterial, these nanoparticles have prospective uses in the areas of anti-bacterial, anti-fungal, anti-inflammatory, wound healing, and optical characteristics (Hasan and Raheem, 2021). ZnO NPs are widely employed as a form of nanomaterial in medical devices , textile industry, cosmetics, and other industries (Husain et al., 2019). Because of their high specific surface area, biocompatibility, UV light absorption, scattering capabilities, and antibacterial properties (Shaba et al., 2021). Physical and chemical processes are used to synthesize ZnO NPs. However, this approach has several limitations, including elevated energy consumption, low purity, inconsistent particle size distribution, increased expenses, substantial secondary waste generation, and irreversible environmental harm (Salih  et al., 2017; Xu et al., 2021). The increasing demand for ZnO NPs has raised concerns over their synthesis through environmentally sustainable approaches. This concern stems from the widespread incorporation of environmental protection principles into societal expectations. These are environmentally benign and biological synthesis techniques that use microbial enzymes, fungus, plants, or plant extracts (Al-Ghareebawi et al., 2021; Ayad et al., 2019). This biological nanoparticle synthesis is known as green nanoparticle synthesis (Husain et al., 2019). 

			 

			Clove (Syzygium aromaticum) is a tree with median size (8-12m) belong to myrtaceae family in the east of Indonesia, it is also cultured in india, Malaysia, and Sri Lanka (Farhan et al., 2023). Clove is composed of numerous types and groups of chemical components like phenolic and hydrocarbon components, monoterpenes, the main compounds in clove oil are eugenol followed by eugenyl acetate and β-caryophyllene, eugenol is a phenylpropene compound, consider as the principle bioactive ingredient of clove essential oil gained from Eugenia Caryophyllata buds and leaves (Katariya et al., 2023). Clove oil is used commercially for various medicinal treatment and in the industry of fragrance, is consider as one of the spices which can be possibly used as additives in the nutrients, particularly in meat processing, to replace chemical preservatives as a result of their antioxidant, antimicrobial and ant inflammatory properties (Elbestawy et al., 2023; Ali and Ibrahim, 2023). ZnO NPs manufactured from plant extracts have many applications where they can be used as antibacterial and anti-inflammatory agents (Xu et al., 2021).

			 

			The rationale for this study is the inadequacy of previous research to evaluate the properties of clove-enhanced ZnONPs. Hence the primary objective of the present study was to evaluate the anti-arthritic properties of ZnONPs combined with clove in a rat model of arthritis produced by complete Freund’s adjuvant (CFA).

			 

			MATERIAL AND METHODs

			 

			Collection of Plant 

			Clove (Syzygium atomaticum) Buds were gathered from the Baghdad local market and disinfected using sodium hypochlorite solution (5% NaOCl), followed by three washes with distilled water and preservation for drying. The plant preparation was done in the college of Veterinary Medicine / Department of Physiology, Biochemistry and Pharmacology.

			 

			Preparation of clove oil

			Flower buds (10 g) were washed (2–3) times in deionized water, allowed to dry out in the sun for 144 hours, and then powdered using a clean electric blender and stored in sterile polyethylene test sacks before to use. The obtained powder was macerated with Petroleum ether in a glass screw-top reagent vial at a 1:6 (w/v) ratio for 96 hours. As a result, the supernatant was filtered through two layers of muslin fabric before being centrifuged at 4000 rpm for 10 minutes to recover the supernatant. The supernatant was sieved using Whatman No. 1 filter paper, and the filtrate that resulted was regarded as mother extract and stored aseptically at 4 Co for later use (Ishaq et al., 2019).

			 

			Biosynthesis And Characterization Of Zno Nanoparticles

			Clove oil extract and a solution of zinc nitrate crystal [Zn(NO3)2·6H2O] with a concentration of 0.1M have been employed in the synthesis of ZnONPs (Anvarinezhad et al., 2020; Jayachandran et al., 2021). The physical properties of biologically synthesized ZnONPs were investigated using a UV-visible spectrophotometer operating within the wavelength range of 200-800 nm (Lopez-Miranda et al., 2023), and  SEM is used to determine their size, shape, and surface morphology (Hussain et al., 2019;  Ayad et al., 2019).

			 

			Evaluation Of Anti-Inflammatory Properties By Rheumatoid Arthritis Induction

			 

			Test Animal: Eighteen adult male rats 200 ± 50 g at 6 months of age. Rats were obtained from the Veterinary Medicine College’s animal house for Baghdad University. They were kept in groups of six per cage for two weeks to acclimate. The room temperature was kept between (21 and 25 degrees Celsius), and the air in the room was changed on a constant basis utilizing a ventilation vacuum and a light/dark cycle of 12:12 hours each day. Every two days, the litter in the cages was replaced. The animals were fed freshly prepared ration pellets.

			 

			Rheumatoid Arthritis Induction: The experimental procedure involved the induction of rheumatoid arthritis in rats with the subcutaneous injection of 0.1ml of complete Freund’s adjuvant into the planter region of the right hind paw (Ismail et al., 2022; El-Tanbouly et al., 2022). 

			 

			Experimental Design: A total of eighteen rats were randomly assigned to three groups, with each group consisting of six rats. Group 1 was the positive control: that animals were infected and leave without treatment. On the other hand, Group 2 received a daily oral administration of SaZnONPs (2.5 mg/kg body weight) for 14 days, starting from the day of Freund’s adjuvant injection. Group 3 received Piroxicam orally at a dosage of (5mg/kg) of body weight daily for 14 days, starting from the day of Freund’s adjuvant injection.

			 

			Specimen Preparation: The animals were administered anesthesia with intramuscular injection of Ketamine (90 mg/kg) and Xylazine (40 mg/kg) (Hussain et al., 2019). Blood samples were obtained from the subjects on days 0 and 21 of the trial using the cardiac puncture technique. The serum was obtained from a coagulated blood sample using centrifugation at 2500 revolutions per minute for 15 minutes. Subsequently, the serum was preserved by freezing it at -20 degrees Celsius until it was ready for use. The assessment of TNF-α and IL-10 was conducted using an ELISA kit according to the instructions provided by the kit manufacturer. The histological changes of joint tissue were examined after the euthanization of animals.

			 

			Statistical Analysis

			The data were evaluated through statistical analysis using Microsoft’s SAS software (Statistical Analysis System - version 9.1). The data underwent statistical analysis with the application of Two Way Analysis of Variance (ANOVA) at a significance level of (P<0.05), employing least significant differences (LSD). A post hoc test was conducted to evaluate the presence of a significant difference among the means (SAS, 2012).

			 

			RESULTS 

			 

			Biosynthesis Of Zinc Oxide Nanoparticles By S.arumaticum Extract

			The current study demonstrated that Clove (S. aromaticum) oil extract was an excellent source of stable ZnO NPs. The reduction of zinc nitrate to zinc oxide after exposure to S. aromaticum extract was followed by a color change of the solution to light yellow within 24 hours, according to the results of these studies. The maximum absorbance of zinc oxide nanoparticles is demonstrated to peak at a surface Plasmon resonance at 329.62 nm by UV-Vis spectral analysis. SEM provided additional information into the size and form features of the synthesized ZnONPs. The results showed that the particles were crystalline in form, with the majority of the nanoparticles being hexagonal in shape and ranging in size from 32 to 59 nm (Figure 1).
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			Figure 1: SEM image of ZnO NPs synthesized by clove (S. aromaticum) oil extract

			 

			Effect Of Saznonps As Anti-Arthritis 

			-Inflammatory Marker 

			Measurement of Tnf-Α Levels: The serum TNF- α levels in the different groups at day 21 in rat injection with Freund’s Adjuvant are shown in (Table 1), we found that TNF-α not statistically significant (P> 0.05) in the SaZnONPS treated group compared with the level that before injection while piroxicam and positive control groups record elevated significantly (P≤0.05) in TNF-α concentrations when compared with level that before infection.

			 

			Table 1: Effect of Sa ZnONPs and clove oil extract on TNF-α level after 21 days on Adjuvant-induced arthritis

			
				
					
					
					
				
				
					
							
							 

							Groups

						
							
							TNF-α (Pg/ml)

						
					

					
							Before induction
							After 21 days 
					

					
							
							(G1)

							Positive Control

						
							
							332.50±3.39 Aa

						
							
							565.30±7.34 Ab

						
					

					
							
							(G2)

							Treat with SaZnNPs

							2.5 mg/Kg.BW

						
							
							335.43 ±6.38 Aa

						
							
							336.20 ±4.59 Ca

						
					

					
							
							(G3)

							Treat with piroxicam

							5 mg/kg.BW

						
							
							336.51 ± 8.30 Aa

						
							
							348.50 ±5.99 Bb

						
					

					
							
							LSD value

						
							
							4.1*

						
					

				
			

			

			N= 6, Means having with the different capital letters in same column and small letters in same row differed significantly, * (P≤0.05)

			 

			Table 2: Effect of Sa ZnONPs and clove oil extract on IL-10 level after nine days on Adjuvant-induced arthritis

			
				
					
					
					
				
				
					
							
							 

							Groups

						
							IL- 10 (Pg/ml)
					

					
							Before induction  
							After 21 days 
					

					
							
							(G1)

							Positive Control

						
							
							131.04 ±3.25 Ab

						
							
							47.83±6.57 Ca

						
					

					
							
							(G2)

							Treat with SaZnNPs

							2.5 mg/Kg.BW

						
							
							130.22±4.22 Aa

						
							
							128.32±7.44 Aa

						
					

					
							
							(G3)

							Treat with piroxicam

							5 mg/kg.BW

						
							
							132.92±5.41 Ab

						
							
							110.55±5.62 Ba

						
					

					
							
							LSD value

						
							
							5.20*

						
					

				
			

			

			N= 6, Means having with the different capital letters in same column and small letters in same row differed significantly, * (P≤0.05).

			 

			Measurement of Il-10 Levels: Serum interleukin-10 values were measured in pg/ml for all groups and are shown in (Table 2). Before induction, there were no significant differences (P > 0.05) between any of the groups; however, at day 21 after treatment with SaZnONPs, serum IL-10 concentrations significantly (P> 0.05) increased in comparison to the other treated groups and significantly returned to normal; additionally, groups treated with  piroxicam showed increase level of Il-10 after 21 day but still less than SaZnONPs. Positive control groups that showed no any improvement in the anti-inflammatory cytokines level (IL-10) in serum.

			 

			- Microscopically Examination Of Joint Tissue

			DISCUSSION 

			 

			This study aims to investigate the potential positive impacts associated with the use of ZnONPs on the progression rates of rheumatoid arthritis (RA). A recent study has focused on the production of nanoparticles utilizing an ecologically friendly approach.

			 

			Green sources are used as a stabilizing and reducing agent in the synthesis of shape- and size-controlled nanoparticles (Salih et al., 2016). With the aid of S. arumaticum extract, ZnONPs were created. A wide peak in the UV-Vis spectrum was visible at 329.26 nm because to ZnO NP’s surface Plasmon absorption, that result agree with (Ali et al., 2016), who concur with our findings.The SEM analysis is utilized to describe the size, shape, morphology, and dispersion of the created ZnONPs. The resulting ZnONPs feature multiple aggregated particles and an irregular spherical form, as shown in the SEM micrographs. With a diameter ranging from 32 to 59 nm, that finding agrees with (Hussain et al., 2019).

			 

			Adjuvant-induced arthritis in rats has been authorized as an experimental model for studying rheumatoid arthritis (RA) etiology (Qin et al., 2023; Al-Shammari et al., 2023). Complete CFA produced arthritis in male Wistar albino rats because higher amounts of inflammatory cytokines were found in the serum of rats given CFA. Autoimmunity, persistent infammation, and joint degradation are the three phases of rheumatoid arthritis (Omran et al., 2022). Zinc supplements have been shown to benefit the elderly population by reducing inflammation and oxidative stress (Hosseini et al., 2021). In the current work, SaZnO NPs decreased adjuvant-induced elevated TNF- levels in rats. Tumour necrosis factor alpha (TNF-α) is a prominent inflammatory cytokine that plays a crucial role in the development of rheumatoid arthritis (RA) (Parlindungan et al., 2023). Its involvement in bone resorption and cartilage remodeling is mediated by the maturation of osteoclast cells and the inhibition of collagen synthesis. Moreover, they enhance other inflammatory processes, including angiogenesis, fibrosis, and cell adhesion. The efficacy of SaZnONPs in mitigating inflammation has been well-documented through various mechanisms. The anti-inflammatory properties of these substances have been ascribed to their capacity to inhibit the synthesis of nitric oxide, NF-κB, and caspase-1, which is responsible for the activation of pro-IL-1β. Consequently, they can suppress the production of IL-1β and TNF-α (Jiang et al., 2018; Agarwal et al., 2019).

			 

			Interleukin 10 (IL-10) is an immunoregulatory cytokine produced by Treg cells that is important in the prevention of tissue damage caused by inflammation (Li et al., 2023). The production of this substance is predominantly attributed to monocytes/macrophages, and it exerts a significant anti-inflammatory influence on the activities of T-lymphocytes and monocytes. This is achieved by the suppression of T-lymphocyte proliferation and the reduction of antigen presentation by monocytes. In the present investigation, administering SaZnONPs to rats with infections led to a notable elevation in the levels of the anti-inflammatory cytokine IL-10 while concurrently causing a reduction in the levels of the pro-inflammatory cytokine TNF-α. These results led us to hypothesize that SaZnONPs therapy speeds up the switch from an inflammatory to an anti-inflammatory response during the healing process (Mukherjee,  2023).

			 

			Our study were registered the histopathological section of knee joint in healthy rat showed normal appearances for the joint cavity, articular surface, articular hyaline cartilage and epiphyseal bone plate (Figure 2). While the histopathological examination after 21 days of infection with RA was showed sever arthritis which characterized by occupied joint cavity with necrotic tissue debris with marked degeneration and necrosis of articular cartilage. The joint capsule revealed marked thickening of articular capsule that associated with sever vascular congestion and infiltration of mononuclear leukocytes mainly lymphocytes and necrosis of collagen fibers (Figure B). the histopathological observations of the knee joint in the groups treated with SaZnONPs showed the normal appearance of the joint cavity with the normal articular cartilage and normal inner synovial membrane, while the outer fibrous capsule revealed mild thickening associated with fibroplasia, infiltration of mononuclear leukocytes and angiogenesis (figure C) as compared to other groups of study that treated with piroxicam that showed moderate arthritis that characterized by normal joint cavity, marked degeneration and necrosis of once of articular cartilage, slightly thickening of articular capsule and degeneration of inner fibrous membrane of joint capsule (Figure D).This result is may be due to the synergistic activity of SaZnoNPs in reduced joint inflammation, synovial immune cell infiltration and synovial hyperplasia (Singha et al., 2023). SaZnONPs in promoting the proliferation, differentiation and maturation of keratinocytes through the stimulation of stem cells. These keratinocytes contain higher levels of Vascular Endothelial Growth Factor (VEGF) (Choi et al., 2021). VEGF plays a crucial role in facilitating the development of new blood vessels (Cadau et al., 2022). VEGF It has been shown to play a role in improves blood circulation, ensuring that more nutrients and oxygen are reached to infected joint in groups that treated with SaZnONPs.The proliferation, differentiation and maturation of keratinocytes by SaZnONPs increased the rate of inflammatory healing significantly with respect to other groups. On the other hand, SaZnONPs could drive the collagen synthesis, sclerotic bone or osteophytes and proliferative cartilage thereby promoting joint healing (Khan et al., 2023). The microscopic results showed also that SaZnONPs enhanced early re-epithelialization which appeared at day 21 in infected group. 
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			Figure 2: Microscopically examination of joint tissue in A-control negative: section of joint shows normal joint cavity (Asterisk) & normal articular surface (Black arrows). B- (G1) section of joint shows filled of joint cavity with necrotic tissue debris (Asterisk), degeneration of articular cartilage (Black arrows) & thickening of articular capsule (red arrow).C- (G2) section of joint that shows normal joint cavity with normal articular cartilage (Black arrows), normal outer fibrous joint capsule with normal inner synovial membrane (Red arrow). D- (G3) section of joint that shows moderate arthritis characterized by degeneration with necrosis of once of articular cartilage with marked infiltration of MNCs (Black arrow), irregular articular surface (Asterisk). H&E stain. 100x

			 

			CONCLUSION AND RECOMMENDATION

			 

			This study introduced the synthesis of ZnONPs through clove oil extract, a widely recognized botanical source renowned for its therapeutic properties. This approach is characterized by its environmentally friendly nature, lack of negative impact, and overall simplicity compared to alternative methods. “Activity” refers to a broad range of actions or behaviors individuals engage in. The therapeutic application of SaZnONPs has been observed to expedite the transition from an inflammatory to an anti-inflammatory response during the healing process. This effect is achieved through inhibiting pro-inflammatory cytokines, specifically TNF-α, which are pivotal in the inflammatory pathway associated with the development of rheumatoid arthritis (RA).

			 

			Additionally, SaZnONPs have been found to elevate the anti-inflammatory cytokine IL-10 levels, which play a crucial role in safeguarding tissues against damage caused by inflammation. According to the data, the present study’s findings indicate that ZnONPs, when combined with clove, have promising properties as an anti-arthritis agent. Consequently, these nanoparticles have the potential to serve as a viable substitute for existing commercially accessible treatments.
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Pharmacological Screening of Anti-arthritic Effect of Biological
Synthesis ZnONPs by Syzygium aromaticum in Rats

Rana Manmoop AHMAD*, OrRooBA M.S. IBRAHIM

Department of Physiology, Biochemistry and Pharmacology, College of Veterinary Medicine, University of Baghdad,
Baghdad, Iraq.

Abstract | The study was conducted to synthesize zinc oxide nanoparticles (ZnONPs) biologically by using Syzagium
aromaticam extract and evaluate the effect against Polyarthritis produced by complete Freund’s Adjuvants injected
(S.c.) into the hind paw. The confirmation of the synthesis and characterization of ZnONPs was achieved through the
utilization of a UV-spectrophotometer and SEM. For this purpose, eighteen adult male rats 200 + 50 g at six months
of age will be randomly divided into three groups, each containing six rats. Groups 2 and 3 were treated daily for 14
days from the day of Freund’s adjuvant injection with SaZnONPs and piroxicam at doses 2.5 and 5 mg/kg B.W.,
respectively, while (Group 1) was positive control. Blood samples were obtained using cardiac puncture at three time
points during the experiment: at the beginning (zero time) and on the 12th and 21st day. These samples were col-
lected specifically for serum collection. In the present investigation, the administration of SaZnONPs to infected rats
yielded noteworthy reductions in the levels of the pro-inflammatory cytokine TNF-0. SaZnONPs demonstrated an
elevation in the levels of the anti-inflammatory cytokine I1.-10, which is known to play a crucial role in safeguarding
tissues against damage caused by inflammation. These results led us to hypothesize that SaZnONPs therapy speeds up
the switch from an inflammatory to an anti-inflammatory response during the healing process. The histopathological
observation showed that a section of a joint in groups treated with SaZnONPs had a normal joint cavity with normal
articular cartilage compared with other treated groups. Accordingly, the findings of the present study suggested that
ZnONBP:s reinforced with clove can be anti-arthritis treatments and may be utilized as a substitute for medicines cur-

rently on the market.
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INTRODUCTION pain and suffering for long periods of time. Rheumatoid
arthritis, osteoarthritis, infectious arthritis, psoriatic ar-

Arthritis is a group of severe inflammatory disorders ~ thritis, lupus arthritis, fibromyalgia, ankylosing spondyli
characterized by a mild to severe degree of inflam- gout, and juvenile arthritis are some of the extant types

of arthritis (Hasan et al., 2014; Singha et al., 2020). The

most common arthritis-related conditions are osteoarthri-
tis (OA), rheumatoid arthritis (RA), and gout. However,
the major focus of this research will be on the first two cat-

mation and degradation in the joints and auxiliary com-
ponents such as bones and cartilages. Inflammation man-
ifests itself in classic arthritic symptoms such as swelling
and stiffness in a single or numerous joints, resulting in
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