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The inherent medicinal properties of Aloevera, has been deliberated on the wound healing process from centuries. The experimental and 

human evidences display the prompt utilization of the herb for several purposes like skin moisturizing, wound healing, frostbite and ischemic 

skin insults. The vasodilatory, anti-inflammatory, proliferative and antimicrobial actions were revealed in several experimental animal 

models in different invitro conditions. Accordingly prevailing studies explored substantial evidence for its clinical usefulness in wound care. 

The presented study has been motivated by the adorable characteristics of Aloe vera and investigated the topical and oral incorporation of 

the formulation briefly. For the purpose, 24 rats were categorized into four groups which are control, oral and topical (combined) treatment, 

oral treatment group and topical treatment group. After treatment the study compared the healing process within the four groups in terms of 

wound healing score, treatment alignment score, treatment maturity, vascularity and perivascular edema. The results revealed that combine 

effect of oral and topical formulation showed enhanced outcomes in nearing the normal stage. Hence the paper suggested that the integrated 

effect of oral and topical formulation will produce improved results in wound healing with aloe vera.  
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1. INTRODUCTION 

Aloe barbadensis[1] consists more than two hundred compounds in which nearly 75 possess biological activity.   ound healing 

using Aloe Vera was observed mainly due to increased oxygenation and increased blood supply. These activities will be 

involved in the stimulation of collagen proliferation and fibroblast activity. Further wound healing is promoted by growth 

factors in aloe vera like auxin, gibbererellins and mannose phosphate that binds to insulin like growth factor receptor. The 

leaves of the plant comprises a diversified compounds that includes anthrones, anthraquinones, carbohydrates, chromones, 

glycoproteins, proteins, organic acids, aminoacids, vitamins, sugars and minerals. The poly-morpho nuclear leukocytes in Aloe 

vera prohibits the synthesis of free oxygen radicals. The mannose 6 phosphate[2] is highly responsible for wound healing [3]and 

observed to be correlated with elevated levels of dermatan surface and hyaluronic acid. This compound is also responsible for 

the stimulation of collagen production and consequently for the formation of scar during healing[4]. The oxygen concentration 

at the infected site has been increased by the vitamin c components in aloevera. Consequently Aloe vera has the ability to induce 

relief from swelling or bleeding of gums[5], and act as proven antiseptic and antifungal agent [6]. Additionally, acemannan 

consisting of long chain acetylated mannose activates the macrophages and stimulates the production of fibrogenic cytokines 

for healing. The carboxypeptidase in the plant deactivates the bradykinin and provided pain relief. C-glucosyl chromone can 

prohibit the cyclooxygenase pathway thereby reducing the synthesis of prostaglandin E2 from the aracidonic acid[7, 8]. The 

three aloesin derivatives such as isorabaichromone, p-coumaroylalosin and feruoylaloesin are observed to be responsible for 

the antioxidant activities. For adequate documentation of wound healing with the above described inherent properties of aloe 

vera,[9] [10, 11] two important formulation has been considered in this study. Topical formulation and oral formulation were 

experimentally analyzed in the present study to reveal the possible benefits of both the methods. Further the combination of 

oral and topical formulation was also analyzed to reveal its betterment. The main contribution of the study is to  

• To categorize the study population into four groups which are control, oral and topical (combined) treatment, oral 

treatment group and topical treatment group. 

• To reveal the treatment benefits of aloevera formulation on the categorized groups. 

• To compare the healing process within the four groups in terms of wound healing score, treatment alignment score, 

 

 



         Journal of Pharmaceutical Negative Results ¦ Volume 13 ¦ Special Issue 1 ¦ 2022 443 

 

 

treatment maturity, vascularity and peri edema. 

• To enumerate the better mode of aloe vera application for wound healing. 

 

2. MATERIALS AND METHODOLOGY  

2.1. Aloevera Gel Preparation and Injury induction 

The study collected the completely matured leaves of aloevera were cultivated in the botanical garden. The leaves were cut to 

remove the rind. After that the colorless parenchyma has been grounded with the help of blender and subjected to centrifugation 

at 4-C for 30 minutes for removing the fibers. Followed by this step the aloevera was transformed to powder after freeze-drying. 

The powder transformation increases the shelf life of aloevera. The aloevera powder is dissolved in 0.9% sterilized saline water 

to form a solution with 50 mg concentration of aloevera per milliliter of the saline. This solution has been utilized for in vivo 

experimentation of topical and oral application of the extract on the cutaneous wounds of mice. The study selected the particular 

concentration with reference to the inherent wound healing molecular property described in the previous studies. 

Injury Induction 

The animals were subjected to anesthesia via intra-muscular injection. For the purpose, 2 milligram/kilogram hydrochloric acid 

was used as the premedication and 60 milligram/kilogram of ketamine hydrochloric acid was used to become the rats to be 

anesthetized.33. The anesthesia treatment inhibits the animal movement for atleast 10 minutes after prior administration of the 

above-described anesthesia. This also confirms that the animals were left freely without restrain. The dorsum back hair was 

clipped and scrubbed before careful incision. A full thick rectangular skin (2 X 2 cm) comprising dermis, epidermis and 

subcutaneous fat has been removed by incision and dissection. This portion has been processed to create a wound infection on 

dorsum back of the investigated animals.             

2.2. Study Design and Therapeutic Regimens: 

The study animals were categorized ramdomly into four groups. 

• Group 1: Control group – 6 rats that were treated on a daily basis by applying the isotonic 0.9% saline solution for a 

period of 10 days.  

• Group 2: Oral treatment group – 6 rats, In this group , 50 mg/kg concentration of aloevera were induced orally to the 

wound- infected rats. 

• Group 3:  Topical treatment group – 6 rats. In this group , 50 mg/kg concentration of aloevera were induced orally to 

the wound - infected rats 

• Group 4: Oral and Topical treatment group – 6 rats. In this group, 50 mg/kg concentration of aloevera were induced 

orally and topically to the wound-infected rats 

These animals were subjected to the topical application of high dosage aloevera (50 milligrams/milliliter of saline) for a period 

of 10 days. Followed by this treatment the animals were euthanized through intra-cardiac administration of 50mg/kg of sodium 

thiopental and 1 mg/kg of pancuronium for inducing coma and death. 

The study evaluated the gross morphology of the wounded area on a regular basis. Gross morphology of the wound area of all 

the animals was assessed daily. 

2.3. Collection of sample 

The full thickened skin samples has been dissected and being harvested from the wound region and investigated for biochemical 

and histological assessment. 

2.4. Hematoxylin and eosin - staining procedure 

Hematoxylin and eosin stain is considered as the principal staining method in the field of histology. It is extensively utilized in 

medical diagnosis and regarded as the gold standard for the determination of tissues. It also provide significant information 

regarding the shape, pattern and the cell structure. The steps employed are dewaxing, dehydration, processing with hematoxyin, 

cell differentiation, bluing, eosin, dehydration, clearing and cover with cover slip followed by visualization. 

2.5. Histo-morphometric Analysis 

After fixing the cells in 10% of neutral buffered formalin, the skin blocks were washed and de-hydrated in a grade series of 

ethanol solution. Consequently the tissues are cleared and being embedded in the paraffin wax and sectioned at 5 micrometer 

in thickness stained with eosin and hematoxylin. The processed tissues are then examined with the help of light microscope. 
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The following tables 1 to 5 represents the scoring standards for defining the tissue alignment, wound surface morphology, tissue 

maturation, vascularity and perivascular edema 

Table1: Scoring standards of wound surface 

Scoring value  Stage Epidermis morphology Wound edge distance in 

Mm 

4 Highly immature Formation of no 

epidermis  

Less than 2000 

3 Immature 20% of regenerated 

epidermis  

Greater than 500 

2 Mature 50% of the regenerated 

epidermis 

Greater than 2000 

1 Highly mature 80% of the regenerated 

epidermis 

Greater than 1000 

0 Near to normal Fully regenerated Greater than 500 

Table 2: Scoring standards of tissue alignment 

Scoring value  Stage Collagen direction Fibroblast direction 

4 Highly immature Diagnostic orientation 

has not been found 

Orientation was not 

found 

3 Immature The orientation is 

immature. The collagen 

fibers possess certain 

orientation but are not 

longitudinal in pattern 

Less than 50% of the 

tissues are in the 

direction of collagen 

fibers 

2 Moderate Mature The tissues are aligned in 

more than one 

longitudinal direction 

Less than 50% of the 

tissues are in the 

direction of collagen 

fibers 

1 Highly mature The tissues are mostly 

aligned in one 

longitudinal direction. 

However certain areas 

are observed with un-

identified collagen fibers 

Less than 75% of the 

tissues are in the 

direction of collagen 

fibers 

0 Near to normal The tissues are 

aligned in one 

longitudinal direction 

The collagen fibers are 

parallel 

Table 3: Scoring standards for tissue maturation 

Scoring value  Stage Cell populations Collagen fiber 

appearance 

4 Highly immature Predominant 

inflammatory cells 

Small sized and non-

dense collagen fibers are 

observed 

3 Immature Less than 75% of the 

fibroblasts 

Medium sized and non-

dense collagen fibers are 

observed 

2 Moderate Mature Less than 25% of the 

fibrocyte 

Medium sized and dense 

collagen fibers are found 

in the range if less than 

75% 

1 Highly mature Less than 50% of the 

fibrocyte 

Large sized and dense 

collagen fibers are found 

in the range if less than 

50% 



         Journal of Pharmaceutical Negative Results ¦ Volume 13 ¦ Special Issue 1 ¦ 2022 445 

 

 

0 Near to normal Less than 75% of the 

fibrocyte  

Large sized and dense 

collagen fibers are found 

in the range if less than 

75% 

Table 4: Scoring standard for vascularity 

Scoring value  Stage Description 

4 Highly immature Small sized vessels within the range 

of less than 30 vessels 

3 Immature Consists of 21 to 30 vessels in which 

less than 20% are larges sized. The 

remaining 80% are small sized. 

2 Mature Consists of 11 to 20 vessels in  which 

50% are large sized 

1 Highly mature Consists of 5 to 10 vessels in which 

70% are large sized 

0 Near to normal Upto 4 vessels with sam e diameter 

Table 5: Scoring standards of Peri-vascular edema (10 x observation) 

Scoring value  Stage  Description 

3 Immature Edema was observed around large 

vessels 

2 Moderate Mature Edema was observed around medium 

vessels 

1 Highly mature Edema was observed around small 

vessels 

0 Near to normal Edema has not been observed around 

the vessels 

 

3. RESULTS AND DISCUSSION 

This section describes the result and discussion briefly. The major findings of the study relies on the scores of wound surface, 

tissue alignment and maturation, vascularity and perivascular edema. The table 6 deliberates the overall tabulation of estimated 

scores for control group (6 numbers), oral and treatment group (6 numbers), oral treatment (6 numbers), and topical treatment 

(6 numbers).  

Table 6: Histomorpho-metric variable scoring 

Group 
Wound 

Surface 
Tissue Alignment Tissue Maturation No. of Vessels 

Perivascular 

edema 

Control 1 2 2 1 1 1 

Control 2 4 3 1 1 1 

Control 3 2 1 1 2 1 

Control 4 3 2 1 1 1 

Control 5 2 2 1 2 1 

Control 6 2 1 1 2 1 

ORAL GROUP 

Oral 1 0 0 0 1 1 

Oral 2 0 0 0 1 1 

Oral 3 0 1 2 1 1 

Oral 4 0 0 2 1 1 

Oral 5 0 1 1 1 1 

Oral 6 0 0 1 0 1 
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TOPICAL GROUP 

Topical 1  0 0 1 0 1 

Topical 2 0 2 1 0 1 

Topical 3 0 0 1 1 1 

Topical 4 0 1 1 1 1 

Topical 5 0 2 1 0 1 

Topical 6 0 1 1 1 1 

ORAL AND TOPICAL GROUP 

Topical and 

Oral1  1 0 0 0 0 

Topical and 

Oral2 0 1 1 0 1 

Topical and 

Oral3 0 1 1 0 1 

Topical and 

Oral4 0 1 1 0 0 

Topical and 

Oral5 0 0 1 0 0 

Topical and 

Oral6 0 0 1 0 0 

Figure 1: hematoxylin and eosin staining 

  

  

 

The red color arrow mark displays the epidermis region and the green color arrow displays the collagen fiber and the fibroblast 

region. Further the blue color displays the granulation tissue or the cappilaries. The result of  hematoxylin and eosin staining 

represented that the combined oral and topical treatment decreased the cellularity and inflammation level. Further it increased 
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the granulation and epithelialization thereby enhanced the remodelling of the scar tissues by means of aligning the collagen 

fibres and hence the cells are enhanced the maturation and regeneration of the epithelial tissues and consequently decreased the 

scar tissue size at 30 DPI. 

3.1 Histomorpho-metric variable scoring 

The following table 7 represents the Histomorpho-metric variable scoring 

Table 7: Wound surface assessment 

 

 

 

 

 

 

 

 

 

 

The table7 deliberated the histomorphometric variable (wound surface) assessment in the control group in which the rats were 

treated with isotonic 0.9% saline for 10 days. When investigating wound surface majority of the control group exhibited the 

score 2, that implies the maturity of the maturity of the wounds, with a morphology of less than 50% regenerated epidermis. 

Further the distance between the edge and the wound is found to be greater than 2000 micrometer. Meanwhile two of the control 

group exhibited highly immature and immature wound surface. These observations depicted that the application of isotonic 

0.9% saline for 10 days has no improvement towards positive treatment in the control group. The wound surface for the oral, 

topical and combined group stated that the properties of aloe vera treated effectively and recovered nearly to the normal surface. 

However the study observed no differentiation between oral topical and combined groups 

Table 8: Evaluation of tissue alignment 

Group 

 Tissue 

Alignment 

(Control) 

Tissue Alignment 

(Oral) 

 Tissue Alignment 

(Topical) 

 

Tissue 

Alignment 

(Oral and 

Topical) 

 

1 2 0 0 0 

2 3 0 2 1 

3 1 1 0 1 

4 2 0 1 1 

5 2 1 2 0 

6 1 0 1 0 

The table8 displayed the tissue alignment among the investigated groups. It was observed that in control group, most of the rats 

acquired stage 2 which is moderately mature that represents the collagen tissues are aligned in more than one longitudinal 

direction. However worsened immature stage 3 have also observed in the control group. Accordingly the combined effect and 

oral group attained outperformance and attained near to normal stage. However no strongly treated outcomes has been revealed 

among topical group. The result suggest that tissue alignment has been attained to near normal stage in orally treated group and 

combined group. 

 

 

 

 

Group 

Wound 

Surface 

(Control) 

Wound Surface 

(Oral) 

Wound Surface 

(Topical) 

Wound 

Surface 

(Oral and 

Topical) 

 

1 2 0 0 1 

2 4 0 0 0 

3 2 0 0 0 

4 3 0 0 0 

5 2 0 0 0 

6 2 0 0 0 
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Table 9: Evaluation of tissue maturation 

Group 

 Tissue 

Maturation 

(Control) 

 Tissue 

Maturation (Oral) 

 Tissue Maturation 

(Topical) 

 

Tissue 

Maturation 

(Oral and 

Topical) 

 

1 1 0 1 0 

2 1 0 1 1 

3 1 2 1 1 

4 1 2 1 1 

5 1 1 1 1 

6 1 1 1 1 

The table9 deliberates the tissue maturation of the investigated groups and found that combined group possess greater adherence 

to normal stage when compared to other groups. Hence in combined group the tissues are aligned in one longitudinal direction 

effectively and the collagen fibers are observed to be parallel. 

Table 10: Evaluation of vascularity 

Group 

 No. of 

Vessels 

(Control) 

 No. of Vessels 

(Oral) 

 No. of Vessels 

(Topical) 

 

No. of Vessels 

(Oral and 

Topical) 

 

1 1 1 0 0 

2 1 1 0 0 

3 2 1 1 0 

4 1 1 1 0 

5 2 1 0 0 

6 2 0 1 0 

The table10 defines the vascularity among the investigated groups and observed that combined group outperformed the other 

groups to reach near normal. Meanwhile it is also observed that topical group has better result than the oral group. 

Table 11 Evaluation of Perivasucalr edema 

Group 

 Perivascular 

edema 

(Control) 

 Perivascular 

edema (Oral) 

Perivascular 

edema (Topical) 

Perivascular 

edema 

(Oral and 

Topical) 

 

1 1 1 1 0 

2 1 1 1 1 

3 1 1 1 1 

4 1 1 1 0 

5 1 1 1 0 

6 1 1 1 0 

The table11 provides information about the perivascular edema among the investigated groups and observed that combined 

group outperformed the other groups to reach near normal. Meanwhile it is also observed that topical group and the oral group 

obtained similar results. 
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4. DISCUSSION 

The wound healing application of the medicinal plant Aleo vera was confirmed by the details reviewed in the articles, [12-14] 

,the effects of oral administration of Aloe vera  had evaluated for the excisional cutaneous injuries in Sprague Dawley rats.SD 

(Sprague Dawley) rats reminded perpetrated with the excisional injuries and treated with Aloe vera orally or the injuries kept 

untreated. In contrast to this the healthy rats kept as control group. From 7th to 21st day the injuries were measured. The rats 

trated with aloe Vera , healed wounds earlier were the untreated rats shown a gradual improvement in the wound region and 

collagen content. VEGF and IGF-1in skin were also improved by the use Aloe vera . Along with the indication of improved 

bone marrow in angiogenesis.The increased notation of genes for CXCR-4 and SDF-1 (chemotaxis) in bone marrow and skin 

are expressed from the RT-PCR analysis. Alow vera improved the healing by increase of improving angiogenesis,chemotaxis 

and collagen content. The study[15] expressed that the Aloe vera enriched oral mucosa wound healing by the TGF β1 marker. 

There was no substantial reduction of inflammatory cell. The study [16] examined the in vitro cell immigration of human 

gingival fibro-blasts and anti-microbial effects of an herbal toothpaste that contains sodium chloride and Aloe Vera. The oral 

health care promotion need to be consider the formulation of non-herbal toothpaste than the alternate usage of an herbal 

toothpaste. Moreover, before suggesting it for patients uses, further study on the clinical side need to be done. These statement 

are related to the results of our study. The research[17]examined whether the aloe vera treated through oral have the efficacy 

to enhance the umbilical vein transplantation and inhibit the expression of matrix metallo-proteinases in injury healing of 

diabetic mice.Suggested that the efficacy of HUVEC transplantation on diabetic wound angiogenesis was enhanced by the oral 

Aloe vera , partly glycemic control were also improved. Via inhibition of MMP-9 and MMP-2 the oral aloe vera endorsed the 

wound therapeutic in diabetic. The examine[18] expressed that Aloe vera showed effective result in chromic disease than the 

acute wounds. For treating the first and second degree burns the aleo vera was used and this result in the recovery time reduced 

to 9days.Than the current treatment , dressing onece or twice with aleo vera per day results better improvement in recovery , 

including 1% ointment of silver sulfadiazine , framycetion crean and dressing with petroleum jelly gauze.It has resulted in the 

lack of itching and redness, reduction in recovery time and the wound infection absence.From the past to present aloe vera have 

been used for treating burns and it most commonly know as rhe first aid plant and burn tree. Due to the increased immune ,anti-

inflammatory,anti-viral effects , reduced histamine activity and anti-bacterial properties of Aloe vera and it speed up the curative 

progression of the burn wounds.The result of the present study showed that Aloe vera was solidly measured as the ideal 

dressing.Majority of the research were performed in the grade 1 and grade 2 ulcer , very few have performed on grade 3 ulcers. 

The latter might be owing to the complete chunkiness skin loss in grade 3 and likely onset of wound infection   

The study[19] aimed to compare the result of triamcinolone acetonide 0.1% and aloe vera get in minor ulcer (aphthous 

stomatitis) affected person. After the informed consent 34 affcted person with the sympotns of aphthous stomatitis and clinical 

signs were comprised for the randomized solitary blinded study. Topical aloe vera gel were received by group A patients and 

(kenacort oral paste) topical triamcinolone acetonide 0.1% were given to group B and treated 3 times per day for 7 days or till 

the complete heal of ulcer.At each , the parameters like burning sensation, pain and ulcer size are recorded .Aloe vera has a 

large spectrum of uses and unique properties. It was an auspicious mediator in oral-lesion treating on the oral medicine sector.It 

can also be used as a medicine to the patients those are found allergic to steroid medicine.  The examine [20] conducted a 

randomized, double blind and contolled trial. Included the patients those were done split-thickness skin graft harvesting in thigh 

region.For the pain evaluation visual analogue scale score was used and assessed the complete epithelialization. Topical aloe 

vera gel ominously established speeding up in split thickness skin graft contributor site curing but not much efficient in the pain 

relief . The research [21]explored the effect of skin wound healing by topical Aloe vera. The outcome represented that the 1% 

in topical application and 2% of aloe vera gel effectively reduced the wound percentage, infiltration,leucocytes, CD8+  

lymphocytes expression, and angipgrnesis increased the thickness of epidermal and the CD4+ lymphocytes expression. There 

was no noteworthy variance in the amount of fibroblasts in all the measured groups.The 2% of aloe vera cream and 1% of 

topical application have the potential of healing wound via their ability to increase the percentage of CD8+ and CD4+ 

lymphocytes in the injury region.  

The study [22] examined the combination usage of the synergistic properties of hindering thromboxane anf I2 injecting 

prostaglandin presented outcome in an level advanced ratio of skin flap endurance by  endorsing improved perfusion to ischemic 

flap tissue related to control.The greatest effect on wound healing , morbidity reduction in dermal wound with ailed ischemia , 

and tissue survival are shown in the use of aleo vera combined with the another particular (methimazole) anti-thromoboxane 

agent.  

 

5. CONCLUSION 

Wound healing is considered as an intricate process in which the tissues repairs itself after an injury. However this process 

sometimes fail due to interruption at any stage. There exists several factors that includes anaemia, diabetis, nutritional 



Journal of Pharmaceutical Negative Results ¦ Volume 13 ¦ Special Issue 1 ¦ 2022 450 

 

 

deficiency, hematoma and local infections that disrupts the wound healing process. Several herbal plants has potential to heal 

the wound in which our study has been motivated by the greater medicinal characteristics of Aloe vera. The study divided 24 

rats into four groups which are control, oral and topical (combined) treatment, oral treatment group and topical treatment group. 

The wound surface, treatment alignment score, treatment maturity, vascularity and perivascular edema were assessed to reveal 

the results. The results revealed that the combined effect of oral and topical formulation outperformed in wound healing.  
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