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			ABSTRACT

		

		
			Honey has been widely used in the treatment of wound as dressing for the last thousands of years, however its effectiveness in clinical trials not yet been fully recognized. It is now known that honey acts as a biologic wound dressing with multiple bioactivities. Major aim of this study was to evaluate the efficacy of honey in combination with N-acetyl cysteine (NAC) for the treatment of excisional wounds in rats. Sprague Dawley (SD) rats were inflicted with excisional wounds. Wounds were treated with honey as control group and in combinations with 1%, 3% and 5% NAC. Wound area was measured after 3rd, 7th, 10th and 14th day. Improvement in wound healing was also confirmed by analyzing angiogenesis, apoptosis and chemotaxis genes. A significant increase was observed in the percentage of wound contraction and significant decrease in the period of epithelialization in honey+3% NAC group as compared with control group. Histologically, honey+3% NAC Group treatment resulted in almost complete re-epithelialization and re-structuring of the wound tissue. There was a significant rise in catalase and decrease in GSH levels in the control group that was reversed to a major extent by the application of honey+3% NAC dressing. The results revealed the improved wound healing potential of honey+3% NAC dressing. It can be concluded that beneficial effects of honey in combination with NAC accelerated wound healing in rats by enhancing proliferation, mobilization and angiogenesis at wound site.
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			INTRODUCTION

			Skin injury results in wound caused by tissue damage after contact with hot object, flame, electrical, chemicals or radiation (Friedstat et al., 2017). Wound healing is a complex biological cascade of cellular and biochemical events comprised of inflammation, proliferation, and maturation phases (Wang et al., 2018). Despite the recent advances in health, the skin injury is still a major public health problem in the world, especially in the developing countries. This fact is due to inadequate wound management and the development of secondary infections at wound site (Atkin, 2019). Many different strategies including use of topical antimicrobial ointments are used presently to reduce the infection at wound site. However, antimicrobial ointments have some side effects or are partially effective in healing the wound (Punjataewakupt et al., 2019). In order to improve the wound healing, an alternative method based on natural products have great potential and is preferred over modern therapy due to the low cost, limited side effects, bioavailability, and efficacy (Ali et al., 2021; Medellin-Luna et al., 2019; Al-Waili et al., 2011). Honey is one of the natural products of interest that has attracted the attention of many researchers due to its medicinal properties. Many ancient civilizations have been using honey for medicinal purpose (Yilmaz and Aygin, 2020; Henry et al., 2019). Medicinal properties of honey are due to its anti-inflammatory effect, stimulatory effects, antibacterial activity, and antioxidant activity. All these factors contribute to enhance wound healing (Nizet et al., 2020). Researchers and modern practitioners are interested in rapid wound healing and for this reasons they are interested to use honey as wound dressing. Iftikhar et al. (2010) reported that Acacia honey depending on their source differ substantially in their activity.

			Impaired wound healing is multifactorial, dysfunctional angiogenesis, production of reactive oxygen species (ROS), delay in proliferation and migration of bone marrow-derived stem and progenitor cells at the site of injury are assumed to be primary contributing factors. Several important growth factors like insulin-like growth factor-1 (IGF-1) and vascular endothelial growth factor (VEGF) promote angiogenesis at injury site. IGF-1 has been shown to increase angiogenesis through an increase in hypoxia-inducible factor 1-alpha (HIF-1α) and VEGF dependent mechanisms (Morbidelli et al., 2021). In this study we focused on to evaluate the role of these growth factors in angiogenesis. Moreover, effect of honey and NAC on mobilization and proliferation of stem cells at the site of injury and their role in wound healing were also evaluated. 

			During healing process, ROS are produced by inflammatory cells such as neutrophils, macrophages, endothelial cells and fibroblasts causing delay in healing (Forrester et al., 2018). Hence it is hypothesized that antioxidant treatment can reduce free oxygen radicals that further enhance the wound healing. Glutathione (GSH) is an important antioxidant that helps in repairing damage resulting from ROS (Forrester et al., 2018). N-acetylcysteine (NAC) is an antioxidant sulfhydryl substance, which is involved in the formation of GSH in the body (Kurutas, 2016). NAC is administered in both oral and injectable forms. To enhance the effectiveness of Acacia honey it is mixed with antioxidant (NAC). In this study, main objectives were to investigate healing efficacy of Acacia honey in combination with NAC for the treatment of excisional wounds in rats.

			MATERIALS AND METHODS

			Experimental animals

			The experiments on animals were performed in accordance with the guidelines on the Care and Use of Laboratory Animals specified by the Institutional Review Committee of the University of Lahore vide Approval letter No. IMBB/UOL/21/1035. 

			Male adult Sprague-Dawley rats (280±20g) were maintained under the controlled environment in the Institute’s animal house at 25±1°C and 12-hour light/dark cycle and were provided with rat chow and water ad libitum. 

			Acid burn experimental model

			Rats were anesthetized by ketamine and xylazine injection (30 mg/kg) intraperitoneally, their hair on the back were shaved. A sterile filter paper of 0.5 cm2 was soaked in 12.06 N HCl for one minute and applied at the dorsolateral side of the neck for one minute. Thereafter, wound excision was performed and then washed with normal saline for 30 sec at a flow of 50 ml/min. To avoid infection, wound was covered with paraffin gauze and bandage.

			Before creation of acid burn injury, rats were weighed and anesthetized by intramuscular injection of 75 mg/kg ketamine and 15 mg/kg xylazine. The dorsum of the sedated animals was shaved with an electric clippers and depilated with Veet cream to create uniform area. Acid burn injuries were created by exposing the dorsum of rats with sterile filter paper (1.5 cm in diameter) saturated with 12.06 N for a period of one minute. Thereafter, acid burned skin was marked, lifted and cut carefully at the same time. Once the wounds were created on the right side, the animal was turned over onto its left side and the procedure was repeated. One wound was created on each side for a total of two wounds on the rat. All procedures involving animals and their care were conducted in conformity with institutional guidelines.

			Physicochemical and microbiological analysis of honey 

			Commercially available Acacia honey of certified quality was purchased from Langnese Honig GmbH and Co (Germany). The taste and pH values of honey sample were also determined. 

			The sterility of the honey sample was determined upon observations and assays made on it. The jar was observed for seal intactness, any damage, cap bulging or cracks on the bottle. Honey was observed for any changes in color, odor, homogeneity etc. The sample was assessed for the presence of microbes using the methods as described by Sereia et al. (2017).

			Preparation of honey and NAC wound dressing

			To use honey as wound dressing, honey sample was sterilized by gamma-irradiation (25 kGy). Then honey was kept at room temperature protected from sunlight by covering glass bottle in aluminum foil. Then honey and NAC wound dressing was prepared in following way: 

			1% NAC (Santa Cruz Biotechnology, USA) was prepared by dissolving 1 g NAC in 100 g of honey. Whereas 3% and 5% NAC was prepared by dissolving 3 g and 5 g NAC in 100 g of honey, respectively. NAC was not easily dissolved in honey so for proper mixing honey and NAC were heated in hot boiling water until NAC dissolved completely. 

			Experimental procedure

			After 24 h of wound creation rats were randomly divided into five experimental groups with five animals per group. The duration of protocol was 14 days. The groups were assigned as follows:

			Group 1 (Sham group) received acid burn injury but had no treatment act as a control group.

			Group 2 (Honey group) a thin layer of pure honey was topically applied to the wound and then covered with plain gauze. 

			Group 3 (Honey+1% NAC group) a thin layer of honey and 1% NAC mixture was topically applied to the wound then covered with plain gauze. 

			Group 4 (Honey+3% NAC group) a thin layer of honey and 3% NAC mixture was topically applied to the wound then covered with plain gauze. 

			Group 5 (Honey+5% NAC group) a thin layer of honey and 5% NAC mixture was topically applied to the wound and then covered with plain gauze. 

			Gross examination of wound

			Wound area was examined on days 3, 7, 10 and 14 by standards as follows: after injury. The wounds were examined for wound bed, color, exudates, swelling of the wound surface, and the consistency of tissues surrounding the wound. Photographs were taken and analyzed.

			Assessment of wound healing

			On days 3, 7, 10 and 14 after acid burn injury, wound size was measured by giving anesthesia to rats. The wound margin was traced by using transparent paper and the respective area was measured using a graph paper. Thereafter, color photographs of the wounds were taken by digital camera. The degree of wound healing was calculated by using the following formula: 

			Percent wound contraction = [Healed area (cm2)/Total wound area (cm2)] × 100,

			(Healed area = original wound area − present wound area)

			Histological analysis

			Rats from each group were slaughtered on day 14 of treatments. A control group was included at this stage to compare the skin histology. Then wound tissue specimens (wound bed) from all experimental groups were removed carefully and fixed in 10% formalin immediately for histological process. After tissue processing 5 µm thick sections were cut and stained with hematoxylin and eosin. Histological section slides were then assessed for histological features (fibroblast proliferation, collagen formation, angiogenesis, granulation, and epithelialization) under light microscope (Olympus CKX53). 

			Hydroxyproline assay

			On day 14 post-wound induction, a piece of skin from the healed wound area was collected and analyzed for its hydroxyproline content. Hydroxyproline assay was performed by weighing 250 mg of wet tissue, then dried at 50°C for 24 h. Dried tissue (40 mg) was used to perform hydroxyproline assay. The assay was performed following the previously published protocol by Ali et al. (2021). 

			Reverse transcriptase polymerase chain reaction (RT-PCR)

			Total RNA was extracted from healed skin area by using TRIZOL reagent (Invitrogen, USA). cDNA was synthesized using total RNA by Revert Aid H Minus first strand cDNA synthesis kit (Thermofisher Scientific, USA) according to the manufacturer’s instructions. Gene expression analysis of VEGF, IGF, PCNA, HIF-1, p53, CXCR-4, SDF-1 and β-Actin was analyzed by PCR amplification. 

			Following PCR conditions were used: 1 cycle at 94°C for 4 min: 35 cycles at (94°C for 45 s, annealing temp for 45 s and 72°C for 60 s) and 1 extended cycle at 72°C for 10 min. The PCR products were size-fractionated by 2% agarose gel electrophoresis. β-Actin was used as an internal control, and bands were quantified by using ImageJ. The oligonucleotide sequences specific for the selected genes are presented in Table I.

			Table I. Primer sequences and product size.

			
				
					
					
					
				
				
					
							
							Gene

						
							
							Primer sequence

						
							
							Size (bp)

						
					

					
							
							β-Actin 

						
							
							F 5’-GCTGTGTTGTCCCTGTATGC-3’

							R 5’-GAGCGCGTAACCCTCATAGA-3’

						
							
							102

						
					

					
							
							PCNA 

						
							
							F 5’-TGACCCTCACCGATACAACA-3’

							R 5’-CTGTACAGCACAGCCACGTT-3’

						
							
							123

						
					

					
							
							HIF-1

						
							
							F 5’-CTAGGGATGCAGCACGATCT-3’

							R 5’-AGATGGGAGCTCACGTTGTG-3’

						
							
							100

						
					

					
							
							P53 

						
							
							F 5’TTGGATCCATGTTTTGCCAACTGGCC3’

							R 5’TTGAATTCAGGCTCCCCTTTCTTGCG3’

						
							
							120

						
					

					
							
							SDF-1

						
							
							F 5’AGCCAGTCAGCCTGAGCTAC3’

							R 5’GGCACAGTTTGGAGTGTTGA3’

						
							
							104

						
					

					
							
							CXCR-4

						
							
							F 5’GCCATGGCTGACTGGTACTT3’

							R 5’GAAGGCCAGGATGAGAACAC3’

						
							
							104

						
					

					
							
							IGF-1

						
							
							F 5’GCTGAAGCCGTTCATTTAGC3’

							R 5’CCACCCAGTTGCTATTGCTT3’ 

						
							
							193

						
					

					
							
							VEGF

						
							
							F 5’GCCCTGAGTCAAGAGGACAG3’

							R 5’GAGGAGGAGGAGCCATTACC3’

						
							
							284

						
					

				
			

			Indirect enzyme-linked immunoassay (ELISA)

			Healed skin tissue was separated, after 14 days of treatment and then tissue homogenates were prepared ultrasonic cell disruptor and radioimmunoprecipitation assay buffer (RIPA) buffer (Sigma-Aldrich, St. Louise, MO, USA). Then the lysates were centrifuged at 12,000 rpm for 15 min at 4°C, and the supernatant was collected. The concentrations of protein were determined by a standard bradford protein assay. By using this homogenate, Indirect ELISA was performed to detect the levels of IGF, VEGF, SDF, CXCR-4, and β-actin. A micro-titer plate (Corning, USA) was coated with 100 µl of primary antibodies (VEGF; sc-57496; dilution 1:200), (IGF-1; sc-9013; dilution 1:200), (SDF-1; sc-28876; dilution 1:200), (CXCR-4; sc-9046; dilution 1:200), and (β-actin; sc-47778; dilution 1:200) (Santa Cruz Biotechnology, Inc, UK) and incubated overnight at 4ºC. After washing thrice with Tris buffered saline (TBS), the excess antibody was washed off and 100 µl of HRP-conjugated secondary antibodies (anti-mouse antibody for VEGF and β-actin antibody; sc-2371; dilution 1:1000), and anti-rabbit antibody for IGF-1, CXCR-4; sc-2357; dilution 1:1000) (Santa Cruz Biotechnology, Inc, UK) were added. After washing, equal volume of chromogenic solution 3, 3’, 5, 5’-tetramethylbenziine (TMB) (Invitrogen Inc., USA) and 0.1 mM HCl were added to stop the reaction. Using a micro-titer plate reader, absorbance was taken at a wavelength of 450 nm along with 650 nm as a reference value.

			Estamition of GSH and catalase activity

			The reduced glutathione (GSH), and catalase (CAT) activity from tissue homogenate was estimated according to Ali et al. (2017). 

			Statistical analysis

			All experiments were performed in triplicates. Statistical tests and graphical representations were performed by using GraphPad Prism 5 software (GraphPad, San Diego, Ca, USA). Data are presented as mean ± standard deviation. One-way ANOVA (Analysis of Variance) was performed for comparison between different groups. The statistical significance was set at p ≤0.05.

			RESULTS

			Honey analysis

			Biochemical analysis of Acacia honey sample showed that honey had pH 3.42 ± 2.45. No bacterial growth was detected in honey sample after microbiological analysis which shows it’s safe to apply on wound.

			Wound healing examination 

			Morphology examination of wounds before and after treatment show that on day 14, that is the last day of the experiment, honey+3% NAC group showed a marked reduction in size and continuous hair growth at the wound site compared to other group (Fig. 1).
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			Fig. 1. Effect of Acacia hony and N-Acetylcysteine on wound healing process on day 0, 3, 7, 9, and 14.

			Histological findings indicated a progressive improvement in wound healing at day 14. The honey +3% NAC group showed significant wound healing with completed re-epithelialization of epidermis shown in Figure 2.

			Detailed histological analysis of slides from all treatment groups are mentioned in Table II. The slides were examined for presence of inflammatory cells, angiogenesis, granulation tissue, epithelialization, presence of fibroblast, and collagen deposition. 
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			Fig. 2. Effect of Acacia hony and N-Acetylcysteine on histological structure of skin during wound healing process in Sprague Dawley rats. Stain: hematoxylin–eosin. Magnification: × 20.

			Wound contraction

			Following wound induction and treatment with honey and NAC, the wound size decreased. On day 14, the treated wounds size was almost closer to that of honey group as shown in Table III. The decrease in wound size that indicated faster healing was significant compared to honey group (p ≤0.05.). The 5% NAC treated group showed slower

			Table II. Comparison of histological parameters for the assessment of wound healing in different groups on day 14. 

			
				
					
					
					
					
					
					
				
				
					
							
							Parameters

						
							
							Control

						
							
							Honey 

						
							
							Honey+1%NAC

						
							
							Honey+3%NAC

						
							
							Honey+5%NAC

						
					

					
							
							Epidermis

						
							
							Present

						
							
							Partially present

						
							
							Present

						
							
							Present

						
							
							Present

						
					

					
							
							Dermis

						
							
							Present

						
							
							Present

						
							
							Present

						
							
							Present

						
							
							Present

						
					

					
							
							Granulation tissue

						
							
							Thick and mature 

						
							
							Immature thin

						
							
							Moderate mature

						
							
							Thick mature 

						
							
							Moderate mature

						
					

					
							
							Lymphocytes

						
							
							Many 

						
							
							Few

						
							
							Many

						
							
							Many

						
							
							Many

						
					

					
							
							Neutrophils

						
							
							None

						
							
							None

						
							
							None

						
							
							None

						
							
							None

						
					

					
							
							Fibroblast

						
							
							Many 

						
							
							Few

						
							
							Moderate

						
							
							Many

						
							
							 Many

						
					

					
							
							Hair follicle

						
							
							Present

						
							
							Not present

						
							
							Present

						
							
							Present

						
							
							Present

						
					

				
			

			Table III. Wound contraction (%) after treatment with honey+NAC. Values are mean ± SEM. aP<0.05, bP<0.01, and cP< 0.001 compared to respective day control (honey) group.

			
				
					
					
					
					
					
					
				
				
					
							
							Treatment groups

						
							
							n

						
							
							Degree of wound healing (%)

						
					

					
							
							Day 3

						
							
							Day 7

						
							
							Day 9

						
							
							Day 14

						
					

					
							
							Honey group

						
							
							9

						
							
							12.36±0.57

						
							
							31.83±1.11

						
							
							51.96±0.35

						
							
							83.88±2.51

						
					

					
							
							Honey+1%NAC

						
							
							9

						
							
							17.43±1.12b

						
							
							37.42±0.97a

						
							
							60.90±1.11b

						
							
							90.48±0.66

						
					

					
							
							Honey+3%NAC

						
							
							9

						
							
							18.78±0.32b

						
							
							42.33±0.48c

						
							
							68.44±0.77b

						
							
							95.14±0.93b

						
					

					
							
							Honey+5%NAC

						
							
							9

						
							
							16.01±0.80

						
							
							37.19±1.55

						
							
							58.76±0.55c

						
							
							88.72±1.55

						
					

				
			

			contraction rate from 16.01% on day 3 to 88.72% on day 14 whereas the 3% NAC treated group show faster contraction rate from 18.78% NAC on day 3 to 95.14% on day 14. The contraction rate was significant compared to honey control group (p ≤0.05.).
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			Fig. 3. Effect of hony + NAC on hydroxyproline content in wound area of skin of rats. Values are presented as mean ± S.E.M; n = 9; *P<0.05, **P<0.01, and ***P< 0.001 compared to respective day control (honey) group.

			Hydroxyproline content

			The hydroxyproline content of the skin tissue after 14 days is given in Figure 3. A significant increase in hydroxyproline content was observed in honey+3% NAC group than control group. Hydroxyproline content was low in honey group (0.805±0.022 nm), honey+1% NAC group (0.828±0.011 nm) and honey+5% NAC (0.768±0.021 nm) as compared to honey+3% NAC group (0.925±0.020 nm). Hydroxyproline is a good marker for wound healing.

			GSH content and catalase enzyme

			Biochemical analysis of skin for GSH and catalase shows that the honey+3% NAC group improved the GSH and catalase status after injury. GSH levels were less (Fig. 4A) in honey group (1.293±0.04 nm), honey+1% NAC group (1.625±0.02 nm) and honey+5% NAC group (1.468±0.04 nm), compared to honey+3%NAC group (1.824±0.03 nm).

			The level of catalase on the other hand decreased in honey group (0.035±0.00 nm), honey+1% NAC group (0.055±0.00 nm) and honey+5% NAC group (0.055±0.00 nm), respectively compared to honey+3% NAC group (0.063±0.00 nm) (Fig. 4B). 

			Gene expression during wound healing

			PCR results revealed that the expression of PCNA is high in honey+3% NAC group as compared to other groups. Expression of apoptotic markers such as P53 was significantly down-regulated in honey+3% NAC group. Oxidative stress increases the HIF 1α expression in honey group as compared to honey+3% NAC group. Similarly, IGF-1 and VEGF expression is high in honey+3% NAC group compared to honey group. SDF-1 and CXCR-4 expression is up-regulated in honey+3% NAC group compared to other groups (Fig. 5).
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			Fig. 4. Effect of hony + NAC on Catalase (A) and GSH (B) in skin of rats. Values are presented as mean ± S.E.M; n = 9; *P<0.05, **P<0.01, and ***P< 0.001 compared to respective day control (honey) group.
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			Fig. 5. (A) Effect of hony + NAC on gene expression profiling of treatment groups with PCR. (a) Honey group; (b) Honey+1% NAC group; (c) Honey+3% NAC group; (d) Honey+3% NAC group. (B) Gel band quantification by Image J.
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			Fig. 6. Effect of hony + NAC on results of indirect ELISA for VEGF, IGF, SDF-1, CXCR-4 from skin proteins. Values are presented as mean ± S.E.M; n = 9; *P<0.05, **P<0.01, and ***P< 0.001 compared to respective day control (honey) group. ns mean non-significant.

			ELISA analysis 

			The level of VEGF, IGF-1, SDF-1 and CXCR-4, β-actin proteins from skin of each group was determined by ELISA. Levels of VEGF, IGF-1, SDF-1 and CXCR-4 in Figure 6. Results show that the growth factor VEGF, IGF-1 levels was positively increased in honey+3% NAC group compared to the honey group. Similarly, the level of SDF-1 and CXCR-4 increased in honey+3% NAC group when compared to the honey group.

			DISCUSSION

			The clinical findings of the earlier clinical trials of honey as wound dressing for burn management in human (Jull et al., 2015) and animals (Sarraf et al., 2019; Sawazaki et al., 2018) was the motivation to carry out the current study. Therefore, the present study evaluated the effect of honey in combination with antioxidant NAC on the wound healing process. The present study demonstrated that honey+3% NAC treatment improved wound healing. Burn area decreased significantly in honey+3% NAC treated group. Our results showed that topical application of honey+3%NAC treated group was effective towards the treatment of excisional wound when compared to honey group and other combinational groups. Wound healing results shows that synergistic interaction between honey and NAC together is greater than individual honey. Microscopic and macroscopic findings indicated that treatment of wound with honey+3% NAC resulted in regeneration of epidermis and accelerated the wound healing time compared to the honey treated group. This is similar to the findings reported by many researchers relevant to efficacy of topical application of honey in wound management (Sarraf et al., 2019; Sawazaki et al., 2018; Tan et al., 2012). Improvement in wound healing is due to synergistic properties of both honey and NAC. As hydrogen peroxide production, hydroscopic, antioxidant, and antibacterial characteristic of honey added with antioxidative ability of NAC provide suitable environment for healing process (Henry et al., 2019; Galal et al., 2019; Tan et al., 2012). 

			The efficiency of the topical application of honey on wounds has been reported by many researchers (Jull et al., 2015; Sarraf et al., 2019; Sawazaki et al., 2018). Result of hydroxyproline show, increase hydroxyproline level in honey+3% NAC treated animals compared to the control. Hydroxyproline is associated with collagen content of the granulation tissue. In the newly formed granulation tissue fibroblasts are responsible for the synthesis of collagen, so one would expect that any increase in fibroblasts proliferation would results in an increase in collagen synthesis (Rodrigues et al., 2019; Yaghoobi et al., 2013). Beside other nutritional properties honey contains glycine, methionine, arginine, and proline amino acids which are important for collagen formation and deposition (Lusby et al., 2002; Gupta et al., 1992).

			Antioxidant enzymes are essential part of the cellular defense against ROS. The activities of antioxidant enzymes such as CAT (scavenges hydrogen peroxide to form water and oxygen), and GSH (directly binding to oxidative compounds) were reduced in honey group (He et al., 2017). The reduced activities of these two main antioxidant enzymes improved in honey in combination with NAC group, this may be attributed to synergistic effect of honey and NAC. 

			Angiogenesis plays a pivotal role in tissue regeneration and wound repair, VEGF and IGF both growth factor has significant role in vasculogenesis and angiogenesis (Apte et al., 2019; Lin et al., 2017). Result of ELISA and RT-PCR show that honey+3% NAC treatment has beneficial effect on VEGF, and IGF-1. The expression of growth factor proteins such as VEGF and IGF-1 indicate the initiation of angiogenesis. Recent evidence demonstrates that the chemokine stromal-cell derived factor-1 (SDF-1) has a major role in the recruitment and retention of CXCR4+ bone marrow cells toward injury site that would enhance the revascularization of tissue (Cun et al., 2021). ELISA and RT-PCR results show that the honey+3% NAC group show high expression for SDF-1 and CXCR-4 which indicated that wound healing is due to migration of stem cells at the site of injury wherein the migrated cell will proliferate to develop the new tissue. Cell proliferation potential was determined by Proliferating cell nuclear antigen (PCNA) (Lu et al., 2019). RT-PCR results indicated a high expression of PCNA in the honey+3% NAC group compared with the honey group. These findings highlight the efficacy of honey in wound healing are in agreement with the previous studies which describe that honey has hydrogen peroxide production, hydroscopic, antioxidant, and antibacterial characteristic (Henry et al., 2019; Galal et al., 2019; Tan et al., 2012).

			 

			CONCLUSION

			In conclusion, the present study illustrates the wound healing property of Acacia honey in combination with NAC. This combination is shown to stimulate wound healing by promoting fibroblast function, enhance angiogenesis and deposition of collagen. It also increases the rate of wound contraction and epithelialization without affecting animal health. Treatment also show the chemo-taxis of stem, cells toward injury place which further accelerate healing. This study clearly demonstrates that the combined treatment of honey with NAC is useful adjuvant in wound management.
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ABSTRACT

Honey has been widely used in the treatment of wound as dressing for the last thousands of years,
however its effectiveness in clinical trials not yet been fully recognized. It is now known that honey acts
as a biologic wound dressing with multiple bioactivities. Major aim of this study was to evaluate the
efficacy of honey in combination with N-acetyl cysteine (NAC) for the treatment of excisional wounds in
rats. Sprague Dawley (SD) rats were inflicted with excisional wounds. Wounds were treated with honey as
control group and in combinations with 1%, 3% and 5% NAC. Wound area was measured after 3, 7%, 10™
and 14" day. Improvement in wound healing was also confirmed by analyzing angiogenesis, apoptosis
and chemotaxis genes. A significant increase was observed in the percentage of wound contraction and
significant decrease in the period of epithelialization in honey+3% NAC group as compared with control
group. Histologically, honey+3% NAC Group treatment resulted in almost complete re-epithelialization
and re-structuring of the wound tissue. There was a significant rise in catalase and decrease in GSH
levels in the control group that was reversed to a major extent by the application of honey+3% NAC
dressing. The results revealed the improved wound healing potential of honey+3% NAC dressing. It can
be concluded that beneficial effects of honey in combination with NAC accelerated wound healing in rats
by enhancing proliferation, mobilization and angiogenesis at wound site.
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INTRODUCTION

kin injury results in wound caused by tissue damage

after contact with hot object, flame, electrical, chemicals
or radiation (Friedstat ef al., 2017). Wound healing is a
complex biological cascade of cellular and biochemical
events comprised of inflammation, proliferation, and
maturation phases (Wang ef al., 2018). Despite the
recent advances in health, the skin injury is still a major
public health problem in the world, especially in the
developing countries. This fact is due to inadequate wound
management and the development of secondary infections
at wound site (Atkin, 2019). Many different strategies
including use of topical antimicrobial ointments are used
presently to reduce the infection at wound site. However,
antimicrobial ointments have some side effects or are
partially effective in healing the wound (Punjataewakupt
et al., 2019). In order to improve the wound healing, an
alternative method based on natural products have great
potential and is preferred over modern therapy due to the
low cost, limited side effects, bioavailability, and efficacy
(Ali et al., 2021; Medellin-Luna et al., 2019; Al-Waili et
al., 2011). Honey is one of the natural products of interest

that has attracted the attention of many researchers due to
its medicinal properties. Many ancient civilizations have
been using honey for medicinal purpose (Yilmaz and
Aygin, 2020; Henry et al., 2019). Medicinal properties of
honey are due to its anti-inflammatory effect, stimulatory
effects, antibacterial activity, and antioxidant activity. All
these factors contribute to enhance wound healing (Nizet
et al., 2020). Researchers and modern practitioners are
interested in rapid wound healing and for this reasons they
are interested to use honey as wound dressing. Iftikhar ez
al. (2010) reported that Acacia honey depending on their
source differ substantially in their activity.

Impaired wound healing is multifactorial,
dysfunctional angiogenesis, production of reactive oxygen
species (ROS), delay in proliferation and migration of
bone marrow-derived stem and progenitor cells at the site
of injury are assumed to be primary contributing factors.
Several important growth factors like insulin-like growth
factor-1 (IGF-1) and vascular endothelial growth factor
(VEGF) promote angiogenesis at injury site. IGF-1 has
been shown to increase angiogenesis through an increase
in hypoxia-inducible factor 1-alpha (HIF-1a) and VEGF
dependent mechanisms (Morbidelli ef al., 2021). In this
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