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			ABSTRACT

		

		
			The purpose of this study was to compare the effects of zinc oxide (ZnO) nanoparticle ointment and Citric acid on the rate of wound healing, dermis thickness, and collagen content. For this purpose, five live rabbits were used. In each rabbit, three wounds were created by surgery. Wound A was treated with ZnO nanoparticles, wound B with citric acid ointment, and wound C was washed with normal saline. The wound healing effects were checked by using an arbitrary scoring system at different time intervals: the contraction rate of wounds, wound healing times, and tissue tensile strengths. The ZnO nanoparticles were found to be significantly effective in term of wounds healing and re-epithelization, and collagen content. Histopathological investigation revealed that treatment with ZnO nanoparticles produced better dermis thickness than balm of citrus extract and regular saline. In conclusion, the wound treated with topical application of ointment of ZnO nanoparticle in rabbits enhances wound healing enclosure in a significant way, and this was ascertained by histological study.
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			INTRODUCTION

			A wound is a break in the mucus membrane or tissue surface of the skin caused by physical, chemical, or biological agents (Chhabra et al., 2017). In everyday pathology, wounds continue to be a difficult clinical problem, causing both early and late complications posing a significant risk of mortality and morbidity (Natarajan et al., 2000). Injury that results in a wound is one that occurs quickly and includes tearing, puncturing, or cutting the skin (an open wound) or blunt force trauma (a contusion). For pets, companions, and working animals, wounds are a prevalent health issue in both developing and developed nations . Wound in developing countries, on the other hand can cause serious economic problems for dairy farmers due to insufficient hygiene measures. Secondary bacterial infection occurs in most of the cases (Sandhya et al., 2021).

			Healing wounds involves a well-defined biological process of regenerating tissue: It is divided into three distinct, yet overlapping phases that are characterized by inflammation, proliferation, and maturation (Ahmed et al., 2019). Furthermore, the wound healing mechanism is characterized by complex interactions between various cell types, extracellular matrix components, and cytokine mediators (Stojadinovic et al., 2008). Even though the natural wound healing mechanism is activated when a wound is introduced, the wound should be dressed appropriately. To improve the healing process, the dressing should be able to intervene at the precise stage of wound healing or provide the right environment for the wound to heal (Ahmed et al., 2019). 

			The most important immediate treatment for any animal with a wound is to stop the bleeding (Sandhya et al., 2021). Treatment with antibiotics and anti-inflammatory agents is likely to relieve pain and aid healing (Norman et al., 2016).

			The nanoparticles of ZnO have key importance especially for wound healing process because of its high efficacy, penetration power and improved antimicrobial properties against clinically relevant microbial pathogens such as S. aureus (Ghasemi and Jalal, 2016), P. aeruginosa (Xie et al., 2011), and E. coli (Souza et al., 2019). Zinc oxide can be employed as a topical dose form for both hydrophilic and lipophilic drugs (Gupta et al., 2014; Holmes et al., 2016; Negut et al., 2018). The most promising ZnO APIs are nanoparticles because they are tiny in size and have a big surface area that is ideal for immobilizing xymedone. Due to their capacity to produce reactive oxygen species, ZnO nanoparticles also possess wound healing, anti-inflammatory, and antibacterial characteristics (Sheferov et al., 2022). In contrast, only 7–20 applications of citric acid are required to prepare the wound bed. It has also been demonstrated to be secure, non-toxic, dependable, and cost-effective (Malu et al., 2016). Therefore, in the present study our main aim was to determine comparative efficacy of nano ZnO and citric in acid wound healing.

			MATERIALS AND METHODS

			Animals rearing and maintenance 

			A local market was used for obtaining the experimental animals and the Laboratory animals were maintained in Clinical Medicine’s Laboratory animal facility for three weeks prior to their use in the experiment. The animals were kept in clean bedding, proper ventilation, and were allowed access to fresh water ad libitum. Fresh fodder was provided twice a day. Deworming was carried out a week before experiment by giving two doses of ivermectin @ 200 µg/kg subcutaneously.

			Animals preparation and wound creation

			A total of 5 rabbits of either sex with 2.5-3.0 kg body were used in this study. The animals were kept off-feed before surgical procedure. The trunk area of each rabbit was properly trimmed with the help of electric trimmer and scrubbed with a general cleaning agent. The shaved area was properly disinfected with methylated spirit and tincture iodine. Animals were incised under general anesthesia at a dose rate of 15-30 mg/kg body weight (Ketamine hydrochloride, trade name Ketarol). Three surgical incision of (1cm X 1cm) were given in the shaved area. The incised wounds were marked A, B, and C with permanent marker to differentiate the treatments applied to them.

			Treatment protocol 

			The wound A of each animal was treated with ZnO nanoparticle ointment (0.5% in paraffin), wound B with citric acid ointment (3% in petroleum jelly), and wound C with normal saline, and the control wounds that were not treated with ZnO nanoparticle ointment. The drugs application was started from day 1st, and healing was monitored on daily basis. Each and every animal was kept in separate cage and general health status (i.e., temperature, hearth, pulse, and breathing rate etc.) of animals were monitored at different time interval.

			Assessment of wound healing

			In order to determine the physical appearance of wounds, the ir closure and photographs of the wounded areas were taken repeatedly at different times using a digital camera. In wound healing assay, wound contraction rate, healing time and estimation of collagen content were checked for evaluation of wound healing.

			Digital vernier caliper was used to measure the wound dimension in mm and to see the reduction in wounded area.

			The healing process was evaluated on daily basis until scar tissue fell off.

			For histopathology, samples were fixed in 10% formalin, and prepared for embedding in paraffin. Histological sections were cut and then stained with heamatoxyline and eosin. The stained sections were observed using light microscope. Each slide was examined under a magnifying lens at 200x in histometric methods. Using Nikon Opt iPhoto 2, photomicrographs were obtained from each slide. A computerized picture examination framework named as “Image J” was utilized to decide the measurement of dermis layers. Collagen content was estimated in regenerated wound tissue. 

			Statistical analysis 

			The statistical analysis was carried out using SPSS version 20. ANOVA were used to determine whether the results have significance variation and a P-value ≤0.05 was considered acceptable.

			RESULTS

			Figure 1 shows wound contraction rate in all the wounds treated with saline, citric acid and ZnONP. By day 18, wounds treated with ZnO nanoparticles were healed to the point where contractions abated. On the other hand, wounds treated with citric acid ointment showed a subsiding contraction rate by day 24. Similarly, wounds treated with normal saline, which was also our control group, showed a decline in contraction rates by day 26. A wound treated with ZnO nanoparticles showed statistically significant (p<0.05) fastest wound contraction time, compared with the wound treated with citric acid ointment and normal saline.
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			Fig. 1. Effect of citric acid, ZnONP on wound healing rate compared with that of normal saline.
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			Fig. 2. The cumulative wound healing time after application of normal saline, ZnONP and citric acid..

			With respect to wound mending time, the injuries treated with an application of ZnO nanoparticles balm showed the shortest recovery time, followed by citrus extract salve, and finally usual saline. Subsequently, ZnO nanoparticle balm had better benefits for healing in less time than the other two therapies (Fig. 2). Hence, it is concluded that healing time of NS and citric acid was considerably higher as compared to ZnO (p>0.05).

			Table I shows the measurement of epidermal, dermal, and collagen thickness of the histolopathological preparation of wound tissues. Collagen content rate was assessed to demonstrate the level of minimization and game plan of collagen filaments. Epidermal thickness of those injuries treated with salve of ZnO nanoparticles was fundamentally higher than those of the other two medicines. It was discovered that injuries which were treated with ZnO nanoparticle balm built up an epidermal thickness of 129.04 mm. This outcome is far superior when contrasted with injuries treated with citrus extract salve and ordinary saline. Subsequently, ZnO nanoparticles treatment demonstrated factually noteworthy (p<0.05).

			Table I. The histopathological morphometric parameters such as thickness of epidermis and dermis and collagen content of wound.
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			It was further observed that treatment of ZnO nanoparticles created better dermis thickness than balm of citrus extract and ordinary saline. Salve of ZnO nanoparticles created obviously better outcomes than the other two medications. It was discovered that typical saline grew slightest thickness of dermis when contrasted with salve of zinc oxide nanoparticles and citrus extract.

			Those injuries treated with ZnO nanoparticle balm were found with unrivaled collagen substance. Collagen strands were found in a minimal shape in those injuries treated with balm of ZnO nanoparticles, compared with injuries treated with citrus extract and ordinary saline. So, treatment of ZnO nanoparticles was found to be measurably noteworthy (p<0.05). Citrus extract makes collagen material, which reduces the amount of vascularization. Using normal saline, we found a small amount of vascularization and uneven collagen filament spacing. Wounds which were treated with ordinary saline were not completely recuperated. The correlation of methods for all outcomes uncovered as shown in Table I, in which collagen content rate was significantly higher in wounds treated with nanoparticles of ZnO when contrasted with the other two medications.

			DISCUSSION

			In order to heal faster, reduce wound bed necrosis, and reduce secondary trauma to the regenerated tissue, wound dressings should keep the wound moist, protect it from secondary infections, heal the wound faster, and prevent secondary trauma to the regenerated tissue when removed from the healed wound. Furthermore, the wound dressing should be biocompatible with both tissues and blood, non-antigenic, non-toxic, and have adequate elasticity (Ahmed et al., 2019). Nanotechnology now plays an important role in wound healing. Because of their anti-inflammatory and antibacterial properties, zinc oxide nanoparticles can aid in wound healing. It can significantly treat the major condition of the integumentary system live dermatitis skin wounds and blisters (Haritha et al., 2012). Healing a wound is a complex and dynamic process that restores cellular structures and tissue layers as closely as possible to normal. The process of wound contracture occurs throughout the healing process, beginning in the fibroblastic stage with the shrinkage of the wound area. At the maturational stage of wound healing, scar tissue appears to be reduced in size after contraction of the wound (Midwood et al., 2004).

			In the current study, the wound healing efficiency of ZnO nanoparticles was found statistically significant, comapred with those of citric acid ointment and normal saline. In our study, wound contraction result corroborate with the ZnO-NPs-HCs effect on wound healing described by Le et al. (2022). In our study the thickness of epidermis was significantly higher than the two other used drugs. ZnO was applied locally to partial thickness skin wounds in domestic pigs and was applied to the wounds to see if it promoted the healing of the wounds (Agren et al., 1991), In current study the treatment of ZnO nanoparticles created better dermis thickness. Lansdown et al. (2007) reported that tropical ZnO improves wound healing by 30% in partial thickness and full thickness wounds. Topical Zinc administration appears to reduce super infections and necrotic material more effectively than oral zinc therapy due to its enhancement of local defense systems and collagen-olytic activity. Additionally, it stimulates the epithelialization of wounds in normozincemic individuals by releasing zinc ions that sustain their release (Lansdown et al., 2007). Another study shows that topical application of ZnO accelerate wound healing by anti-bacterial, anti-inflammatory effects, acceleration of reepithelization and metalloenzymes activation by ill-defines mechanism (Lansdown et al., 2007; Aksoy et al., 2010). 

			In our study injuries treated with ZnO nanoparticle balm were found with unrivaled collagen substance. Collagen strands were found in a minimal shape in those injuries treated with balm of ZnO nanoparticles when contrasted with those injuries treated with citrus extract and ordinary saline. So, treatment of ZnO nanoparticles was found measurably noteworthy (p<0.05). Among others, collagen synthesis in normal wound healing is expected to be maximal on the 21st day, and then to decline thereafter (Wolfram et al., 2009). In addition, we examined bacterial and fungal growth, and no significant growth was found in these categories (Asad et al., 2018). The ZnO nanoperticles has shown very promising results because of having very characteristics features to inhibit the entrance of bacteria in the wound especially Staphylococcus aureus and E. coli and to prevent the wound infection. Moreover, the impact on wound healing rises (Rao et al., 2003). Many wounds, particularly those caused by bacteria resistant to numerous antibiotics, have been found to respond quite well to the treatment with citric acid (Nagoba et al., 2010). Additionally, it has been claimed that citric acid not only prevents infection but also encourages the growth of healthy granulation tissue (Nagoba et al., 2008).

			CONCLUSION

			After evaluating the results of our study, it can be concluded that ZnO nanoparticle ointment has better wound healing efficiency than commercially available ointment and normal saline. In wounds treated with ZnO nanoparticles, wound healing times were drastically reduced. In addition, a large capillary bed was observed at wound site, as well as an increase in collagen fiber percentage. ZnO nanoparticle ointment’s enhanced healing properties can be explained by all these aspects.
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ABSTRACT

The purpose of this study was to compare the effects of zinc oxide (ZnO) nanoparticle ointment and
Citric acid on the rate of wound healing, dermis thickness, and collagen content. For this purpose, five
live rabbits were used. In each rabbit, three wounds were created by surgery. Wound A was treated with
ZnO nanoparticles, wound B with citric acid ointment, and wound C was washed with normal saline.
The wound healing effects were checked by using an arbitrary scoring system at different time intervals:
the contraction rate of wounds, wound healing times, and tissue tensile strengths. The ZnO nanoparticles
were found to be significantly effective in term of wounds healing and re-epithelization, and collagen
content. Histopathological investigation revealed that treatment with ZnO nanoparticles produced better
dermis thickness than balm of citrus extract and regular saline. In conclusion, the wound treated with
topical application of ointment of ZnO nanoparticle in rabbits enhances wound healing enclosure in a
significant way, and this was ascertained by histological study.
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