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Histopathological Evaluation of Proliferative Phase Wound Healing Following Treatment with Sesame Oil and Morinda officinalis Extract in Rats


Abstract
Wound healing is a complex biological process requiring coordinated cellular and molecular responses to restore damaged skin tissue. Natural plant-based therapies such as Morinda officinalis and sesame oil have attracted increasing attention due to their potential regenerative and anti-inflammatory properties in wound management. The present study aimed to evaluate the effects of Morinda officinalis extract and sesame oil on wound healing in rats using clinical, macroscopic, and histopathological parameters. A total of twenty male rats were used in this experimental investigation. Standardised full-thickness wounds measuring approximately 2 cm in diameter were created on the dorsal surface of each animal. The rats were randomly allocated into four groups (n = 5 per group): control group (0.9% NaCl), Morinda officinalis extract-treated group (MO), sesame oil-treated group (SO), and a combined treatment group receiving both sesame oil and Morinda officinalis extract (SO+MO). Wound healing progression was evaluated on postoperative days 3, 7, 11, and 14 by measuring wound closure rates. In addition, tissue samples obtained on day 14 were subjected to histopathological examination to assess the quality of tissue regeneration. Statistical analysis demonstrated a significant difference in wound area between the Morinda officinalis extract-treated group and the sesame oil-treated group (p < 0.05). Throughout the experimental period, animals treated with Morinda officinalis extract showed significantly smaller wound areas compared with those treated with sesame oil alone, the combined treatment, and the control treatment. Histopathological findings indicated that Morinda officinalis extract enhanced collagen deposition, reduced inflammatory cell infiltration, promoted haemostatic activity, and accelerated epithelial regeneration. These findings suggest that Morinda officinalis extract may represent a promising therapeutic agent for enhancing cutaneous wound healing and could serve as a potential alternative treatment for skin wounds.
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1-Introduction
    
Wound healing is a highly complex and dynamic biological process that involves the coordinated interaction of multiple tissues, cell types, and molecular signalling pathways to restore the structural and functional integrity of damaged skin. This process requires the regulated activity of inflammatory cells, fibroblasts, keratinocytes, endothelial cells, and extracellular matrix components to achieve effective tissue repair (Peña and Martin, 2024). Prolonged wound closure raises the possibility of bacterial colonisation, invasion, and even sepsis, all of which can be fatal for patients (Lemsanni et al., 2021; Gao et al., 2024). As the largest organ of the body, the skin is continuously exposed to environmental and mechanical insults that may lead to acute injuries or chronic wounds. Such injuries disrupt the structural integrity and physiological functions of the skin, ultimately resulting in wound formation and impaired tissue homeostasis (Oliveira et al., 2022).
Physiologically, wound healing proceeds through a well-organised sequence of overlapping phases, namely haemostasis, inflammation, proliferation, and remodelling. The haemostatic phase begins immediately after tissue injury and involves clot formation to prevent excessive blood loss. This is followed by the inflammatory phase, during which immune cells remove debris and prevent infection. The proliferative phase is characterised by fibroblast migration, collagen deposition, angiogenesis, and epithelial regeneration, whereas the final remodelling phase involves maturation of collagen fibres and restoration of tissue strength (Trieu et al., 2023; Hong et al., 2023).
Although minor skin injuries may heal within a few days, extensive wounds caused by trauma, surgical procedures, or acute diseases often require several weeks to heal. Such wounds frequently result in fibrotic scar formation, which may impair the normal function and appearance of the affected tissue (Amjadian et al., 2024; Li and Sun, 2023). Consequently, the development of effective therapeutic approaches aimed at accelerating wound closure, reducing inflammation, and minimising scar formation remains an important area of biomedical research. A comprehensive understanding of the cellular and molecular mechanisms underlying wound healing is essential for the development of improved therapeutic interventions, particularly for chronic and non-healing wounds (Kuan et al., 2024).
Various therapeutic strategies have been investigated for enhancing wound repair, including topical pharmacological agents, biological dressings, and regenerative medicine approaches. In recent years, there has been growing interest in the use of medicinal plants and natural products as alternative or complementary treatments for wound management. Herbal extracts have attracted considerable attention because of their accessibility, cost-effectiveness, and diverse bioactive compounds with anti-inflammatory, antimicrobial, and antioxidant properties (Givol et al., 2019).
Among medicinal plants, Morinda officinalis has been traditionally used in herbal medicine due to its reported anti-inflammatory and regenerative properties (Zhang & Zhang, 2022). Similarly, sesame oil has been widely applied in traditional medicine for its moisturising, antioxidant, and wound-healing potential (Panngam et al., 2025). However, scientific evidence regarding their comparative effectiveness and combined effects on wound healing remains limited. Therefore, the present study aimed to evaluate the effects of Morinda officinalis extract and sesame oil on wound healing in rats using clinical, macroscopic, and histopathological parameters.
1.1 Morinda officinalis (MO)
    (MO) is a perennial vine of the genus Rubidium coba and is one of the “Four Major Southern Medicines” in China, together with areca nuts and Alopecia solanum. Modern pharmacological studies have reported a variety of bioactivities associated with Morinda officinalis, such as protecting the liver (Zhu et al., 2024) and strengthening the bones (Cao et al., 2024). The main medicinal part of MO is its root, which is flat-cylindrical with a greyish-yellow surface and a bitter taste. As a traditional Chinese medicine (TCM), The main components of MO include oligosaccharides, anthraquinones, iridoid glycosides, organic acids, trace elements, amino acids, and sterols(Zhang et al., 2022) Previous studies have suggested that oligosaccharides in MO can improve immunity, promote angiogenesis, enhance reproduction, and exert anti-osteoporosis, antioxidative, antidepressant, and antidementia effects (Chi et al., 2020).
1-1-1  Antioxidant activities of M. officinalis
      The aqueous extracts of M. officinalis can enhance the activity of Superoxide Dismutase (SOD) and Glutathione Peroxidase (GSH-Px), Calcium ATPase (PMCA) and Na+/K+-ATPase of the major muscles of the forced swimming test mice, and enhance the antioxidant activity of major muscles in the rats (Thanh et al., 2023). Previous studies have suggested that oligosaccharides in MO can improve immunity, promote angiogenesis, enhance reproduction, and exert anti-osteoporosis, antioxidative, antidepressant, and antidementia effects (Chi et al., 2020). The Nrf2 is a crucial transcription factor that controls the intracellular antioxidant response and is an emerging focus for the treatment and prevention of illnesses caused by oxidative stress (Satta et al., 2017). MO could reduce H2O2-induced oxidative stress, increase Nrf2 production detoxification mechanism to activate antioxidant enzymes and superoxide dismutase (SOD) and Catalase (CAT)  activities(Syed et al., 2021)
1-1-2 Anti-inflammatory activity
     The root of (MO) was reported to contain monotropeins, which exhibited higher anti-inflammatory and antinociceptive activities. It has been reported that the monotropein isolated from the root of (MO) can lengthen the action time, decrease stretching episodes, writhing antinociceptive assays and significantly decrease acute paw oedema at the dosage of 20 and 30 mg/kg(Choi et al., 2005). In vivo anti-inflammatory potential of (MO) essential oil was previously confirmed via significant reduction and inhibition of carrageenan-induced paw oedema in rats, with citrals being the components mostly mediating this effect via TNF-α inhibition (Luo et al., 2021). In another study, the  Iridoid Glycosides: These compounds in Morinda officinalis inhibit GSK-3β, alleviating RA symptoms by suppressing the NF-κB and JAK2/STAT3 signalling pathways (Yi  et al.,2024 )
1-1-3 Antibacterial Effects: 
     Several studies have indicated that (MO) extracts have antibacterial properties, particularly against common pathogens like Staphylococcus aureus, Escherichia coli, and Pseudomonas aeruginosa. These properties are often attributed to the presence of bioactive compounds such as flavonoids, phenolics, and terpenoids, which have been shown to disrupt microbial cell membranes or inhibit essential enzymatic activities in the bacteria (Adesokan et al., 2010; Selvi  et al ., 2023).
1-2-4  Production Process of Extract From the Root M. officinalis 
     Highly   concentrated extracts,   known   as   extracted   preparations,   are collected by evaporating or drying solutions containing biologically active substances  (BASs)  found  in  herbs  or  animal  parts  through  a  leaching process  with  the  assistance  of  appropriate  solvents (Dung et al., 2024).  Generally, highly concentrated extracts derived from the herbs are produced through two primary stages: (1) leaching BASs from the herbs using suitable solvents, and (2) evaporating or drying the prepared solution to obtain the final product (Abdullahi R Abubakar and Mainul Haque.,2020). The leaching process is a crucial step that significantly influences recovery efficiency, product quality, and production costs. In this work, the operating  conditions  of  a  leaching  system  were  investigated  to  extract BASs  from MO’s root.

1-2- 5 Toxicity
    The toxicological profile of  Morinda officinalis (MO) is not reported. In the present study, the toxicological characteristics of (MO) were assessed for the first time. MO did not show any genotoxicity based on the Ames test, mammalian erythrocyte micronucleus test, and mouse primary spermatocyte chromosome aberration test. MO administered by gavage in mice and rats at a dose of 20 g/kg BW did not induce death or toxicity based on acute study, indicating that FMO could be regarded as non-toxic at the tested dose.( Qian et al., 2022 , LI. C. and SUN. D. 2023)
1-2 sesame oil (Sesamum indicum L ).
     Sesame oil (SO), obtained from the sesame plant seeds (Sesamum indicum L., Pedaliaceae family)( Naseem et al., 2023). The oil was extracted from sesame seed with two extraction methods. Traditional (Ardeh oil) and industrial method (cold pressing method: virgin and refined sesame oil) oil extraction was studied to compare the quality and heavy metal content of extracted oils (Razani et al,2024). The chemical properties (fatty acid composition, peroxide, anisidine, acid values, and totox) and heavy metal contents were investigated. This makes it has been long utilised in traditional medicine due to its anti-inflammatory and analgesic activities) Somayeh et al., 2021). Also, in recent trials, SO has been a focus of interest to prevent or treat skin injuries and inflammatory conditions such as phlebitis (  Nasiriand Farsi, 2017). The anti-inflammatory properties of this herbal product are attributed to its chemical compositions, which are assumed to have an action similar to that of opioids and non-steroidal anti-inflammatory medications. It has considerable portions of unsaturated fatty acids, which induce anti-inflammatory consequences on prostaglandins and leukotrienes and inhibit pain transmission pathways( Érika et al., 2024). Likewise, SO contains various lignans, which should be accountable for this product’s anti-inflammatory, anti-swelling, and analgesic properties by preventing the release of pro-inflammatory indices (i.e., interleukin-8 and endothelin-1)( Wei et al., 2022). Topical application is particularly effective in accelerating the healing process of second-degree burns by promoting collagen synthesis and reducing inflammation(Valizadeh et al., 2020).
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Fig 1. Wound-healing stages  (Mayra et al 2024)



2. Materials and Methods
2. 1. Materials and Chemical Solutions 
The materials and  solutions that were used in the present study well listed Table 
		Origin 




	Company 
		Materials and chemical solutions 





	Belgium 

	V.M.D. 

	Xylazine (2%)


	Netherland
	



		kepo 




		Ketamine(10%) 





	indonesia
	Uni-pharma
	Formalin


	Switzerland
	-
	Hematoxylin and eosin stain


	Switzerland
	-
	Masson trichrome stain


	Turkey 
	Diagnokim
	povidone  iodine


	Indian Mulberry
	Hawaii Pharm©
	 Morindae Officinalis Root Extract


	Netherlands
	Flora

	Sesame Oil



  Table 1. Materials and  solutions: 




2. 2. Experimental Animals
    Thirty clinically healthy adult male albino rats, weighing 180-200g, were used in the present study. They were housed in plastic cages of 50 ×30 ×18 cm dimensions. Three rats /cage were placed in a special housing room for acclimatisation before starting the experiment. Standard diet (Commercial feed pellets) and water from the tap were freely accessible. The conditions of housing were 20-25 °C in a conditioned room, and the room quality was changed constantly by ventilation vacuum utilisation. All animals received an anti-parasitic drug (Ivermectin/ Ivermectin 200 mcg/kg to 400 mcg/kg (0.2 mg/kg to 0.4 mg/kg), PO, a preventive treatment against internal and external parasites (Mitra, 2014).
2. 3. Experimental Design 
     For cutting surgery, at first, all rats were given a small dose of anaesthesia injection of xylazine (10 mg/kg and ketamine 60 mg/kg)( Oh, S. S., & Narver, H. L., 2024). The dorsal neck skin was cleaned by an electric shaver and wiped with povidone iodine 2%.  A determined area on the back of the rats was shaved, creating a wound by using sharp, sterilised laboratory tools (fig.1) with a diameter of 2.00 cm and 0.5-1.0 mm depth in all experimental groups by using an even and round seal as seen in. After 24 hours of wound creation, an adequate amount of the test samples was gently applied to cover the wounded area twice a day, in the morning and after afternoon, with a sterile cotton swab (fig.2) at the 3rd, 7th,11th  and 14th days of the experiment as follows:

 experimental Rats  were randomly divided into four equal groups:
A. Control group: In which subjected  to  1ml  applied with NaCl 0.9% 
B. MO group: Same procedure of the control group  was done but after induced the wound, suspension of (MO) was added directly on the site of  wound 
C. SO group: Same procedure of the control group was done but after induced the wound, suspension of (SO) was added directly on the site of  wound 
D. SO+MO: Same procedure of the other groups  was done but after induced the wound, suspension of (SO) was added directly on the site of  wound 
                                        Experimental design 
    
2. 4 . Assessment of surgical wound  
2. 4. 1. Morphological Features  
    Animals were observed for detection of clinical signs which include, swelling and redness of the surgical site, Appetite and  dehiscence of wound up to 14 days post operation.
2. 4. 2. Pathological  Evaluation 
2. 4. 2. 1. Macroscopic Examination
    The macroscopic examination of the wound dimeter  by digital Caliper (fig.2) was achieved at 3ed, 7th  ,11th and 14th days post operation and compared with the wound area on day zero. The degree of wound healing was calculated as percentage closure in wound area from original wound area using the formula (Anand et al., 2012., Tarsizio S Santos et al., 2021): 



2. 4. 3. 2 . Histopathological examination
After euthanasia of the animals with an overdose of ketamine hydrochloride, skin tissue specimens from the wound sites were collected after 14 days of treatment and transferred into 10% neutral buffered formalin according to the experimental design. The skin tissue specimens were kept in 10% buffered formalin solution for 72 hours (Luna, 1968). The specimens were then washed with tap water and subjected to the following steps: dehydration, clearing, paraffin wax impregnation, and blocking. Sections of 5 μm thickness were prepared and stained with haematoxylin and eosin (H&E) and Masson's trichrome stains.
The sections were examined under light microscopy to observe differences in wound healing among the groups. In the present study, the scoring system based on six histological parameters described by Masson-Meyers et al. (2020), which include the most relevant morphological features characterising granulation tissue and scar formation/maturation (Table 2), was selected and applied to assess wound healing progression.

Table 2 .Criteria for collagen assessment and re-epithelialization in wound healing in mice after 14 days.
Score
Collagen Pattern & Morphology
Collagen Orientation
Re-Epithelialization
0
No collagen deposition
No organization
No epidermal coverage
1
Sparse, thin collagen fibers
Disorganized, random
Partial epidermal coverage (<50%)
2
Moderate collagen bundles
Partially organized
Nearly complete (>50%)
3
Thick, dense collagen fibers
Well-aligned, mature collagen
Fully restored epidermis with normal thickness
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Fig. 2..  Show creating a wound area on the back of the rats
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    Fig. 3.  with Sterile cotton swab applied an adequate amount of test    samples was to cover the wounded area
[image: ] 
Fig.4. Show the examination of the wound dimeter  by digital Caliper











3. Results 
3. 1. Clinical Observations	
    Clinical observations of each group of MO&SO revealed no signs of drainage or wound dehiscence at the site of operation, while the control observed slight drainage, swelling and redness were observed at the surgical area. These signs were gradually disappeared  4 - 5  post-operative days, in the control group.  Appetite was altered postoperatively and gradually return normal after 2 days post operation. Three rats (two in the control and one in SO group) were be died after one week post-operation so that these rats were totally discarded.                                     
3. 2. Macroscopic Examination
     During the healing period, the wounds were regularly measured on the 3nd, 7th, 11th and 14th days, which showed the evolution of the wound surfaces closure.
3. 2. 1. Three days Post Operation
     Initially, it was noted the control group(G4) had any changes in the wound diameter, while a slight change in wound diameter was noted in the groups treated with SO(G1), MO(G2) and MO&SO(G3) This shows no significant (P value > 0.05) between the four groups (Fig.5 A&B)
3. 2. 2. Seven day Post-Operation 
    In the MO (G2) group, it showed decreased in dimeter of the wound, Compared to the group treated with SO (G1) and the group treated with the mixture of MO&SO, there was a slight decrease in dimeter of the wound (Fig.5.A). Statistically, shows that the SO(G1) has a significantly lower value (P value < 0.05) compared to MO (G2) and MO&SO (G3), with no significant (P value > 0.05) when compared to C (G4). MO(G2) has a significantly higher value (P value < 0.05) than both SO (G1) and C (G4), but there is no significant (P value > 0.05) when compared to SO&MO(G3). SO&MO (G3) shows a significantly higher value (P value < 0.05) than both SO (G1) and C (G4), with no significant (P value > 0.05) when compared to MO (G2). Finally, C (G4) has a significantly lower value (P value < 0.05) compared to both MO (G2) and SO& MO (G3), but no significant (P value > 0.05) when compared to SO (G1)( Fig.5B).
3. 2. 3. 11th day Post-Operation
     In the MO (G2) group it show highly retraction Of the dimeter of the wound, Compared to the rest of the treatment groups showed different changes in wound diameters gradually as well as in the control group ( Fig.6.A). Statistically, In SO (G1) shows that (G1) has a significantly lower value (P value < 0.05) compared to MO (G2), but there is no significant (P value >0.05) when compared to SO&MO (G3) and C (G4). (G2) shows a significantly higher value (P value < 0.05) compared to G1, G3, and G4. (G3) is significantly lower (P value < 0.05) than G2, but there is no significant (P value > 0.05) when compared to G1 or G4. Finally, (G4) shows no significant (P value >0.05) when compared to G1 and G3, but is significantly lower (P value < 0.05) than G2 (Fig.6.B).

 3. 2. 4. Fourteenth day Post-Operation
     In the MO (G2) group it show highly retraction Of the dimeter of the wound, Compared to the rest of the treatment groups showed different changes in wound diameters gradually as well as in the control group ( Fig.7.A). Statistically, In that SO(G1) has no significant (P value > 0.05) when compared to  MO(G2) and  C(G4), but is significantly higher (P value < 0.05)  than  SO+MO (G3). MO (G2) shows a significantly higher value (P value < 0.05)  compared to both SO+MO(G3) and C(G4), with no significant (P value > 0.05) when compared to SO(G1). SO+MO (G3) is significantly lower (P value < 0.05) than both SO(G1) and MO (G2), but shows no significant (P value > 0.05) when compared  to G4. Finally, (G4) shows no significant (P value > 0.05) when compared to G1 and G3, but is significantly lower (P value < 0.05) than G2(Fig.7B).

3. 3. Microscopic Examination
During the healing period, at14th day post operation, which showed pathological  evolution of the wound surfaces closure.
 3. 3. 1 control group at 14 day Post-Operation:
     Microscopic View of Skin Wound Site 14 Days After Surgery in Control Group show , existence of Clot on the Surface of Epithelium, existence of Inflammatory Cells fig. 8(A) H&E.100×.,Existence of Edema in Tissue Formation of Fine Collagen Fibers  (fig. 8B) MT stain, 4000x
3. 3. 2. SO group at 14 day Post-Operation:
     Microscopic View of Skin Wound Site 14 Days After Surgery in SO Group show,  re-epithelialization of the tissue  and shows mild infiltration of inflammatory cells (mononuclear cells) (Fig. 9A). H&E, 100 and deposition of collagen fibers (Fig.9B) MT stain, 4000x
3. 3. 3. MO group at 14 day Post-Operation:
     Microscopic View of Skin Wound Site 14 Days After Surgery in MO Group show, mild infiltration of inflammatory cells (mononuclear cells) on day 14  (Fig. 10A). H&E stain, 100x, and shows the deposition of collagen fibers (Fig.10B ) MTstain, 4000x.



3. 3. 4. MO+SO group at 14 day Post-Operation
    Microscopic View of Skin Wound Site 14 Days After Surgery in MO+SO Group show, mild infiltration of inflammatory cells (mononuclear cells) and regeneration of epithelial tissue (Fig. 11A). H&E stain, 100x  and shows the deposition of collagen fibers (Fig.11B) MTstain, 4000x.
3.3.5 Histological parameters assessed to calculate f wound healing state.
       The impact of the different treatments on tissue repair is demonstrated here in this bar chart. Clearly, the highest sum of scores were with Sesame oil and Morinda, as they had the most effective influence on tissue healing. MO scored higher than SO, proving its greater efficiency in repairing the tissue Conversely, the Combination therapy had a visibly lower efficiency in comparison to the single treatments, indicating that the combined action of these compounds would not be so positive as in the case when they are taken separately The Control group without any treatment attained the lowest value. This establishes that without an external factor intervening, the inherent healing process takes much longer and is less effective. Overall, the findings reveal promising potentiality for Sesame oil and Morinda to boost tissue regeneration, with the technique demonstrating potential in revalidation through adequate analysis (Fig.13).
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Fig.5A  Macroscopic evaluation  at Three days Post Operation shows control group had no  any changes in the wound diameter (A), while a slight change in wound diameter was noted in the groups treated with SO(B), MO&SO(C) and MO(D)
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Fig.5B. shows no significant (P value > 0.05) bet
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Fig. 6A. In the MO (A) group, it showed decreased in dimeter of the wound, Compared to dimeter of wound in the groups treated with SO(B), MO&SO(C) and Control group (D)
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 Fig.6B. shows that the SO (G1) has a significantly lower value (P value < 0.05) compared to MO (G2) and MO&SO (G3), with no significant (P value > 0.05) when compared to C (G4). (G2) has a significantly higher value (P value < 0.05) than both SO (G1) and C (G4), but there is no significant (P value > 0.05) when compared to SO&MO(G3). SO&MO (G3) shows a significantly higher value (P value < 0.05) than both SO (G1) and C (G4), with no significant (P value > 0.05) when compared to MO (G2). Finally, C (G4) has a significantly lower value (P value < 0.05) compared to both MO (G2) and SO& MO (G3), but no significant (P value > 0.05) when compared to SO (G1).
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Fig.7A.  In the MO (A) group it show highly retraction Of the diameter of the wound, Compared to the rest of the treatment groups showed different changes in wound diameters gradually (B&C) as well as in the control group(D). 
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Fig.7B. In SO (G1) shows that (G1) has a significantly lower value (P value < 0.05) compared to (G2), but there is no significant (P value >0.05) when compared to (G3) and (G4). (G2) shows a significantly higher value (P value < 0.05) compared to G1, G3, and G4. (G3) is significantly lower (P value < 0.05) than G2, but there is no significant (P value > 0.05) when compared to G1 or G4. Finally, (G4) shows no significant (P value >0.05) when compared to G1 and G3, but is significantly lower (P value < 0.05) than G2.
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   Fig.8A. In the MO (A) group it show highly retraction Of the dimeter of the wound,Compared to the rest of the treatment groups showed different changes in wound diameters gradually (B&C) as well as in the control group(D).
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Fig.8B.  shows that (G1) has no significant (P value > 0.05) when compared to  (G2) and  (G4), but is significantly higher (P value < 0.05)  than  (G3). (G2) shows a significantly higher value (P value < 0.05)  compared to both G3 and G4, with no significant (P value > 0.05) when compared to G1. (G3) is significantly lower (P value < 0.05) than both G1 and G2, but shows no significant (P value > 0.05) when compared to G4. Finally, (G4) shows no significant (P value > 0.05) when compared to G1 and G3, but is significantly lower (P value < 0.05) than G2
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Fig.9(A) Microscopic View of Skin Wound Site 14 Days After Surgery in Control Group show , existence of Clot on the Surface of Epithelium(Black Arrow), existence of Inflammatory Cells(Green Arrow) H&E stain.100×.
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 Fig.9(b) Microscopic View of Skin Wound Site 14 Days After Surgery in Control Group show Edema in Tissue Formation of Fine Collagen Fibers(Black Arrow)  (fig. 3.3.1b) MT stain, 4000x
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Fig. 10 A. Microscopic View of Skin Wound Site at 14 Days After Surgery in SO Group show  re-epithelialization of the tissue (black arrow) and mild infiltration of inflammatory cells (mononuclear cells )(green arrow).H&E stain, 100x
             [image: ]  
Fig. 10 B. Microscopic View of Skin Wound Site at 14 Days After Surgery in SO Group show  the deposition of collagen fibers (black arrow). MTS, 4000x
[image: ]








[bookmark: _Hlk193588851]Fig. 11A. Microscopic View of Skin Wound Site at 14 Days After Surgery in MO Group show  mild infiltration of inflammatory cells (mononuclear cells)(Blak Arrow) H&E stain100x.
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Fig. 11B. Microscopic View of Skin Wound Site at 14 Days After Surgery in MO Group show  the deposition of collagen fibers (black arrow). MTS, 4000x
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Fig. 12A. Microscopic View of Skin Wound Site 14 Days After Surgery in MO+SO Group show, mild infiltration of inflammatory cells (mononuclear cells)(Black arrow) and regeneration of epithelial tissue(Green arrow) H&E stain, 100x .
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Fig.12B. Microscopic View of Skin Wound Site 14 Days After Surgery in MO+SO Group show shows the deposition of collagen fibers(Black Arrow) MT stain, 4000x
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Fig.13.  . in this figure  shows that highest sum of scores were with Sesame oil and Morinda, as they had the most effective influence on tissue healing. MO scored higher than SO, proving its greater efficiency in repairing the tissue Conversely, the Combination therapy had a visibly lower efficiency in comparison to the single treatments, indicating that the combined action of these compounds would not be so positive as in the case when they are taken separately. The Control group without any treatment attained the lowest value. 



Discussion
     In recent decades, the subject of herbal medicine and the use of chemical plant extracts in wound healing have drawn the attention of researchers all around the world. Increasing the speed of wound healing involves numerous effects on the economy and health sectors, With increasing speed of wound healing, the level of wound infection will decrease, and accordingly, the whole process of wound healing will be accelerated. Previous studies have indicated that the wound healing process may be accelerated by oligosaccharides, anthraquinones, iridoid glycosides and fatty acids (Fatma Bouaziz et al., 2024, Tae-Young Kim et al., 2024 ) 
     The present study was conducted to examine the effect of SO and MO l on the healing process of skin wound caused by injury in rats. In general, based on the results of the present study, a significant relationship was observed between the avocado oil and phenytoin groups in terms of wound area in rats. 

     On all days of study , the wound area of the MO group was slightly smaller than that of the SO group, and significantly smaller than that of the control group. It suggests that MO was very effective in wound healing and was more effective than SO . The properties of composition of MO,  have been investigated in several studies, because they seem to be involved in wound healing (Zhang et al ., 2020). The healing process can be assessed by evaluating the rate of wound changes, the level of collagen fibers, tensile strength, and histopathology in different wound models.
      A histological evaluation in the present study revealed that the animals treated with MO showed a significant increase in epithelial tissue formation. Possible medicinal effects attributed to MO in terms of the healing process can be associated with compounds of its phytochemicals.(  Rong et al.,2022)

     Topical application of MO extract   decreased the number of inflammatory cells in the wound tissue and shows anti-inflammatory activity ( Huan-Huan et al., 2022) The present study showed a significant reduction of bleeding in animals treated with MO extract than SO oil , and scar tissue maturation (regeneration stage) in the tissue. It is argued that in the physiological healing process, collagen accumulates in the wound area for up to 14 days after injury. After this period, the balance between collagen synthesis and degradation is restored with the rapid disappearance of fibroblast cells (apoptosis) (Zhang Q et al., 2020)

6. 1. Conclusions
 The findings of this study indicate that MO contains bioactive constituents with greater wound-healing efficacy than SO, suggesting its potential use as a therapeutic agent in the wound-healing process. The results further demonstrated that the topical application of MO, either in its natural form or as part of pharmaceutical formulations, enhances collagen synthesis, reduces inflammatory cell infiltration, promotes coagulation, and accelerates epithelial regeneration. These effects collectively contribute to improved skin wound healing and a reduction in the overall healing time.
6.2. Recommendations
1. Detaction the effects of  combined with  plasma rich protein, low level laser therapy, on the  promoting of the wound healing. 
2. Evaluation of role of combined  with Nano zinc oxide for wound healing.     
3. Study  the effects of MO and SO  on hematology and liver function tests in experimentally induced wound 
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