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ABSTRACT
Wounds represent a significant problem in clinical practice due to the high risk of infection and the prolonged healing process. Recently, more attention has been given to natural remedies such as extracts of various medicinal plants, which possess anti-inflammatory and wound healing properties. Aloe vera have emerged as promising platforms for the delivery of therapeutic agents in wound dressings due to their biocompatibility and unique wound-healing properties. This  study was carried out with main objective to assess the healing properties of Aloe vera gel on epidermal wounds in rabbits. Thirty six adult male rabbits were purchased from local market and located randomly into six groups. Each group contains six animals. A wound measuring 2cm x 2cm was created on the back of each rabbit lateral to the spinal cord. The wounds were treated with homogenized Aloe vera  gel; while, the wounds on control group were treated with normal saline for 21 days. 1st, 2nd, 3rd, and 4th groups were treated with gel extract of Aloe vera at 100%, 75%, 50% and 25% concentrations respectively. The 5th group was treated with standard topical ointment (Mebo®) and acted as positive control group; while, the 6th group was treated with 0.9% normal saline and considered as negative control group. Wound contraction was measured on  0, 3, 9,12,15,18 and 21 day post treatment. The results of macroscopic observation revealed that, animals treated with Aloe vera  gel and Mebo ointment  showed significant(P<0.05) redution in wound areas and  shorter days of scab fall off compared to negative control group. Experimental animals in 1st and 5th  groups exhibited higher rate of wound contration i.e. 97.16 % and 96.0% respectively at day 21 post treatment. The study concluded that Aloe vera possess significant activity on healing process of wound in rabbits. The Aloe vera gel may provides  promising alternative for the treatment of  wounds. Further research are required for evaluation of Aloe vera activity on other ailments of human and animal.
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1.INTRODUCTION
Wound is a breakdown in the protective function of the skin or loss of continuity of epithelium, with or without loss of underlying connective tissues, muscles, nerves and bones. it's induced by physical, chemical, electrical or microbial agents (Leaper and Harding 2008; Kayode, 2017; Shehadul-Islam et al., 2017). 
Repairing damaged tissue integrity is a critical phase in the complex biological process of wound healing. However, infections within wounds can severely compromise this process, delaying wound closure and increasing morbidity. The normal process of wound healing for repairing the wound or injury begins at the moment the tissue is injured and consists of four sequential but overlapping phases( Varoglu  et al., 2010; Jun et al., 2019 ). The first is the hemostasis phase which includes bleeding, vasoconstriction, homeostasis, and coagulation. The second is the infammatory phase in which an infammatory response occurs by releasing diferent types of mediators. The third phase is proliferative in which the production of collagen and formation of new blood vessels increases. The last phase is the remodeling phase which is characterized by refinement and increasing the tensile strength of collagen fibers and regeneration of the epithelial cells (Varoglu  et al., 2010; Jun et al., 2019).
The common strategies for wound infections treatment include antimicrobial medications, wound debridement, and advanced wound dressings (Gangwar et al., 2025). However, Antibiotics are frequently prescribed to eliminate infectious microorganisms. Nonetheless, traditional antibiotic therapy faces significant challenges due to the increasing prevalence of antibiotic resistant microorganisms. Various therapeutic approaches have been explored to tackle these challenges to enhance bacterial eradication and accelerate wound-healing (Gangwar et al., 2025).
Medicinal plants have been used since ancient times for health care of human and animal. It has even been estimated that nearly 80% of the world’s population relies on traditional herbal medicine for primary health care (Ekor, 2014). Herbal therapies have recently shown an upward trend for a variety of ailments in parallel with the development of modern medicine. Many new drugs and treatments derived from medicinal plants are being developed and prescribed today(Chelu et al., 2023).
Natural substances are safe and alternate to synthetic drugs that could be used to accelerate the proliferation and remodeling phases of healing (Qasim, 2022; Alafnan et al., 2023). In Asia, Africa, Middle East and Latin America, traditional treatments by using natural products derived from indigenous plants like Centella asiatica, Curcuma longa (turmeric), Aloe vera and Paeonia suffruticosa (common garden peony) constitute the advanced therapeutic applications for wound healing (Shedoeva et al., 2019; El-Ashram et al., 2021; Al-Farraj et al., 2024; Al-Dhamary et., 2024).
Aloe vera (AV) belongs to the Liliaceae family, of which the best-known species is Aloe Barbadensis Miller, and has been used for thousands of years in traditional medicine (Surjushe et al., 2008). Being one of the most famous medicinal plants in the world, it is considered a miracle gift of  The God due to its many therapeutic benefits (Manvitha and Bidya, 2014).
Aloe vera is a bush, juicy herb with turgid leaves hanging to stem in a rosette way. This herb is known for its thick, fleshy leaves. Aloe vera has been utilized for centuries for different therapeutic properties. It`s well-known for reducing inflammation, boosting the immune system, and promoting cell growth. It`s activities toward different kinds of infectious agents in terms of antiviral, antifungal, and antibacterial has also been reported (Liknaw et al., 2025). Since ancient times, Aloe vera gel has been used to treat skin cuts and burns (Sohal et al., 2019; Martínez-Aledo et al., 2020; Ebrahim et al., 2020; Liknaw et al., 2025). Many different natural substances, like anthraquinones and flavonoids, are found in Aloe vera and Aloe ferox. Those substances are responsible for the plants’ medicinal effects (Liknaw et al., (2025).
[bookmark: _Toc207378422][bookmark: _Toc219131161]An extensive range of ethnomedicinal surveys has reported the utilization of Aloe vera in traditional medicine to combat various health issues such as wounds (Kayode, 2017; Ebrahim et al., 2020; Sikumbang et al., 2020; Sharma et al., 2021; Tyavambiza  et al., 2021; Al-Dhamary et al.,2024; Liknaw et al., 2025; Gangwar et al., 2025 ). However, to our knowledge, the healing activity of indigenous Aloe vera gel on skin wound have not been investigated rationally. Therefore, this study aimed to investigate the healing activity of indigenous Aloe vera gel on skin wound of rabbits. 
[bookmark: _Toc219131162]2. MATERIALS AND METHODS
[bookmark: _Toc219129516][bookmark: _Toc219129857][bookmark: _Toc219130951][bookmark: _Toc219131163]2.1. Study sitting:
[bookmark: _Toc219131164]This experimental study was carried out at experimental station at the Faculty of Veterinary Medicine, Thamar University, During the year of 2025 with main objective to evaluate the activity of Aloe vera on the healing process of wounds experimentally induce on rabbits. 
2.2.  Experimental Animals:
[bookmark: _Toc219130953][bookmark: _Toc219131165]Thirty-six males' adult healthy rabbits, weight ranged from 1.5 to 2 kg were used in the present study. The rabbits were purchased from local market of Dhamar city. The rabbits were kept for 7 days in animal's house for acclimatization. The rabbits were dewormed and all physiological parameters were monitored within normal range for healthy animals.
[bookmark: _Toc207378423][bookmark: _Toc219131166]2.3. Plant and chemical materials
[bookmark: _Toc219131167] 2.3.1. plant martials
Aloe vera shrub or plant were harvested from free lands around (Figure. 1) or purchased from local market of Taiz city, Yemen. The plant materials were bought to Faculty of  Veterinary Medicine, Dhamar University for processing and evaluation. Identification  of  plant materials were carried out  by  the   botanical specialist  in the   Faculty of Agriculture, Thamar University, Dhamar. Fresh gel was extracted according the techniques described by Nirala et al. (2024) and Al-Dhamary et al. (2024). In brief, the leaves of Aloe vera were washed with distilled water. The parenchymatous covering of the leaves were peeled and the gel scoop out with a spoon in to a sterilized, clean glass jar. Care was taken not to tear the green rind which can contaminate the fillet with leaf exudate. Aloe vera gel was kept in the refrigerator till used. 
[bookmark: _Toc219131168]2.3.2. Standard Drug
β-sitosterrol  0.25% w/w ( Mebo®,  Julphar Co. UAE),  was purchased from market of Dhamar city and used as standard positive control drug.
[image: ]
Fig 1. Aloe vera shrub in situ at free land area of Taiz city, Yemen 
[bookmark: _Toc207378424][bookmark: _Toc219131169]2.4. Evaluation of healing activity of Aloe vera
The wound creation, treatment protocol and measurement of wounds healing process was carried out as described by Hussein (2019); Bannai et al., (2020) and Al-Farraj et al. (2023).
[bookmark: _Toc207378425][bookmark: _Toc219131170] 2.4.1. Wound Creation 
[bookmark: _Hlk225356521]The rabbits were randomly divided into six equal groups (six animals in each group). About 30 minutes before the surgical intervention, all rabbits were anesthetized via intramuscular injection of ketamine (PANPHARMA®, France) at dose of 21 mg/kg body weight and xylazine 2% (Sedazinostar®, Olkar-AgroZooVet-Service®, Ukarine)  at dose of  2.2 mg/kg body weight. The paravertebral region of the rabbit was moistened, washed with soap and water, shaved and cleaned with cotton wool moistened with methylated spirit or alcohol to disinfect the area. The site was locally-blocked with 2% lignocaine and adrenaline (Indus Pharma. Pvt. LTD., India) subcutaneously. A pin-prick non response indicated effective anesthesia. A wound of 2 x 2 cm was created on the superficial epidermis of the skin of each rabbit using a cardboard template, scalpel and thumb forceps. Each wound was lavaged with normal saline using a needle and syringe. The day of wound creation marked day 0 of the experiment. 
[bookmark: _Toc207378426][bookmark: _Toc219131171]2.4.2. Treatment protocol
The gel extract was applied at the site of wound of respective treatment group (TG) twice a day for a duration of three weeks. i.e. the 1st, 2nd, 3rd, and 4th groups were treated with gel extract of Aloe vera at 100%, 75%, 50% and 25% concentrations respectively. The 5th group was treated with standard topical ointment 0.25% w/w β-sitosterrol (Mebo®) daily and acted as positive control group; while, the 6th group was treated with 0.9% normal saline and considered as negative control group.
[bookmark: _Toc207378427][bookmark: _Toc219131172]2.4.3. Observations and Measurement of wound healing process 
The distance between the wound margins was measured using the calibrated scale(ruler). The wounds were measured at three-day intervals by placing the ruler on the wound edges dorsally and ventrally, and readings were recorded until scabs fell off. The percent wound contraction was calculated by using the following formula: % Wound contraction = 𝑇𝑜𝑡𝑎𝑙 𝑤𝑜𝑢𝑛𝑑 -𝐻𝑒𝑎𝑙𝑒𝑑 𝑎𝑟𝑒𝑎/ 𝑇𝑜𝑡𝑎𝑙 𝑤𝑜𝑢𝑛𝑑 𝑎𝑟𝑒𝑎 × 100 (Mahmood, & Mahdi,2022).
The photographs on wounds were taken for each experimental animal at 0, 3rd, 6th, 9th, 12th, 15th, 18th and 21st day. Animals were kept in animal house facility at Faculty of veterinary Medicine, Thamar University Dhamar on uniform feeding and under proper management conditions during entire period of experiment. 
[bookmark: _Toc207378428][bookmark: _Toc219131173]2.5. Statistical analysis:
Data obtained from the experiments were analyzed using one way ANOVA parametric test using IBM SPSS® Statistics version 21. Duncan’s multiple range tests was applied for the separation  of  means. All data were presented as mean ± SD (Standard deviation). The  differences among group means were considered significant at 𝑃 <0.05.
[bookmark: _Toc207378429][bookmark: _Toc219131174]2.6. Ethical considerations
[bookmark: _Toc219131175]The experiment was commenced after obtaining the protocol approval from Faculty of Veterinary Medicine, Thamar university,Yemen.
3. RESULTS AND DISCUSSION
Part of the human and animals body can self-regenerated when that area damaged due to internal or external causes and this process is called wound healing process (Singh et al., 2017). Each of the stages  of healing process differ in terms of the time taken to complete the phase according to the condition of the body, nutrients available, and the surroundings( Mohd Zaid etal., 2021). 
Aloe vera has been utilized for centuries for different therapeutic properties ( Ebrahim et al., 2020) and since ancient times, Aloe vera gel has been used to treat skin cuts and burns( Liknaw et al., 2025). Evaluation and quantification of the biological activities of natural compounds are necessary before they are being offered to the market for human and animals consumption(Carvalho et al., 2013). Assessment  of the wound should include location, measurements, exudate, and odor as well as the conditions of the wound bed, edges, and surrounding tissue(Simmons, 2022). This study, we adopted an experimental design including three days interval observation and macroscopical evaluations of the wound healing process with main object to evaluate the effect of indigenous  Aloe vera gel on healing process of wounds in rabbits.
[bookmark: _Hlk225364044]3.1. Yield of Aloe vera gel extraction
The yield extraction of Aloe vera gel in gram is presented in Table 1. The percentage yield of  Aloe vera plant extract was calculated by dividing the weight of the plant extract by the weight of the fresh or raw plant  material and multiplying by 100.

Table 1. Yield of gel from Aloe vera extraction 
	Plant species
	Fresh weight/Raw materials(g)
	Volume of oil obtained( g)
	% yield

	Aloe vera
	100
	58.8
	58.8%



[bookmark: _Toc219131176]3.2. Clinical signs and behavior showed by experiment alanimals
The results of this study revealed that, All animals in all groups showed equitable viability and good appetite, no marked diferences in body temperature, and mortality rate was 2.8%( and tolerated the surgical procedure during the study period). Daily checking had been made for the wounds with no signs of infection( with exception, On the 18th and 21th  days, a small amount of yellow viscous pus was observed in the wound area in animals of group II &VI. These results are in consistent with early studies (Han  and Ceilley, 2017, Kakaraparthy et al., 2019; Alkhilani et al., 2024). The infection in the  recorded in animals groups of II&VI on days 18 and 21 may be due to injuries caused by accidental fighting among rabbits at that time.
Table 2. Mean ±DS wounds contration in control and treated groups of rabbits from 3rd  – 21st  day post treatment
	Day 21
	Day18
	Day15
	Day12
	Day9
	Day6
	Day3
	TG

	97.16±7.74a
	96.66±5.16a
	73.25±20.54abc
	58.83±18.91a
	44.83±9.49a
	46.87±15.52ab
	28.83±13.40abc
	G1

	94.45.3±46a
	91.04±6.52ab
	77.0±4.58ab
	69.62±8.60a
	65.08±4.04a
	52.87±7.19a
	39±9.74.0a
	G2

	95.83±76a
	89.16±7.34ab
	77.41±11.61ab
	67.29±8.60a
	54.91±5.07ab
	49.45±8.43a
	35.67± 6.52 ab
	G3

	92.91±7.6a
	78.66±6.81bc
	67.08±13.72bc
	52.75±1733a
	43.04±1.39b
	40.58±14.32ab
	27.66±18.91abc
	G4

	96.0±8.0a
	92.5±3.72bc
	81.20±11.02a
	70.08±22.49a
	41.20±4.34b
	23.16±10.30c
	14.83±6.33c
	C+ve

	76.50±12.22b
	75.5±3.21c
	59.16±10.32c
	52.87±9.01a
	45.00±8.71b
	34.66±10.85bc
	21.66±8.46bc
	C-ve 


TG=treated group; G=group; C+ve= Positive control; C -ve= Negative control.  Mean in columns with different letters were significantly different (P < 0.05 ).

3.3. Effects of Aloe vera gel extract on healing process of wounds in Rabbits
The results  Effects of Aloe vera gel extract on healing process of wounds in Rabbits are presented in Table 2. and Figure 2. As shown. All treated groups exhibited reduction on wound area from 3rd day post treatment  till  the terminatation of the study. There were a daily decrease in the size diameter of wounds until the incision had completely closed and scar tissue was falled. The rate of wounds contraction for the treated groups was found to be higher than the control negative group ( Table 2 & Figure 2). The order of healing of wounds in different groups of treated and control grous as: 1st  > +ve> 3rd >2nd >4th > -ve.  The Aloe vera gel  activity showed dose-dependent. 
The  daily wounds contraction rate in  experimental animals was as followin: On 3rd day post treatment, there was a significant (P<0.05) contraction in wound size diameter in the 2nd and 3rd treated groups  with healing percentages as 39.0% and 35.67% respectively comared to negative control group.  
[image: ]
Figure 2. Photographic shows the wound healing process in treated and control  groups of rabbits  treated with Aloe vera gel  and Mebo for  21 days

On 6th  day post treatment, there were  more reduction in  size diameter  of wounds in 2nd & 3rd traeted groups compared to control groups. The contracion rate were 52.87% and 49.45% for 2nd and 3rd  treated groups. Significant differences were observed ( P<0.05).
On 9th  day post treatment, there was a significant contraction in wound size in the 1st and 2nd  treated groups comared to  other treated and negative control groups. The contracion rate were 44.83%% and 65.08 % for 1st & 2nd  groups respectively. 
 On 12th  day post treatment, all groups either treateated and control exhibited variety ranges of wound contration. But, statisticaly  not significat. 
On 15th day and 18th days post treatemnet,  significat differences (P<0.05) were observed  among positive treateted and control groups. But, surprisinly, in 1st and 5th groups there were more reduction in wound size with contration rate 96.66% and 92.5% for 1st and 5th groups.
On 21st day,   there were a complete healing of the wounds in 1st , 3rd  and 5th treated groups compared to other treated and negative control groups. Significant differences (P<0.05)  were observed among treated and negative groups. The experiment was terminated  at  day 21 and recorded data  were analyzed.
[bookmark: _Hlk217476899]The results of this study are in line with previous studies ( Siddiqui  et al., 2013; Kayode, 2017; Hussein, 2019; Sikumbang et al., 2020;  Alven et al., 2021; Chelu  et al., 2023; Raza, et al., 2024; Al-Dhamary  et al., 2024; Liknaw et al., 2025 ) carried out to assess the effect of Aloe vera on healing process of wound and burn in vivo and  reported that the Aloe vera exhibited significant effect on healing process of wounds. 
The wound healing activity  of Aloe vera gel may be due to compounds that have anti-inflammatory existed in the Aloe vera extract. Yagi and Takeo(2003) suggested that,  acemannan compounds (a polysaccharide) contained in Aloe vera act as anti-inflammatory and are able to activate macrophages which will produce cytokines and growth factors that will stimulate fibroblasts, keratinocytes and endothelial cells for tissue repair. Furthermor, Sibbald et al.( 2011) and Itrat (2013) cited that, Polyvinylpyrrolidone (PVP) and gibberellins in Aloe vera can be used as antibacterial, stimulating the formation of fibroblasts and the formation of new tissue. Other active substances contained in Aloe vera extract are vitamins and some amino acids, which can play an important role in accelerating wound healing (Vázquez et al., 1996; Itrat, 2013). 
[bookmark: _Toc219131178]3.4. Duration period of wounds healing
The period from the onset of a wound to the complete shedding of scar tissue is referred to the healing time( Raza et al., 2024). In this study,  experimental animals in 1st group, receiving Aloe vera gel at  100% concentration, demonstrated the faster wound healing ( at 21  day of experimrnt) compared to the other groups, followed  by  5th positive control group (Mebo); whereas,  rest  groups exhibited delayed  period of healing as presented in Fig. 3. The variation in time healing period could be attributed to concentrations of different doses of  Aloe vera extract and  standard drugs used in experiment animal groups of rabbits during the study.

[bookmark: _Toc219131180]Conclusion 
It could be concluded from this study that, Aloe vera possess significat activity on healing  process of the wounds. It could be suggested that, Aloe vera gel could be used as alternative for management and treatment of wounds. Further research is recommended to explore the potential of Aloe vera extracts in treating a broader range of human and animal diseases.
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