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Abstract

Background & Objective: Burn is one of the prominent causes of death around the world, 
however drug discovery attempts for burn healing has not been entirely successful. Aloe 
arborescens (A. arborescens), is effective in the burning wounds healing and growth inhibition 
of bacterial pathogens. Our objective was to assess the wound healing and antibacterial effects 
of A. arborescens in vivo. 
Materials & Methods: Thirty healthy Wistar rat animals were enrolled. The treatment process 
continued for 21 days and sampling was conducted on days 14 and 21 and the tissue slides 
were sent to the pathology laboratory for testing. The bactericidal activity of A. arborescens 
extract was evaluated using the disc diffusion method. 
Results: A. arborescens demonstrated a significant effect on the healing of burn wounds. 
Furthermore, the antibacterial effects of the A. arborescens extract against Gram-negative 
(Escherichia coli, Pseudomonas aeruginosa) was significantly higher than that against Gram-
positive (Staphylococcus aureus, Bacillus cereus) bacterial species. 
Conclusion: In conclusion, this study indicated that A. arborescens extract had an improving 
effect on the healing process of third degree burns without toxicity to the tissue. 

Keywords: Wound healing; Burns, Herbal Medicines, Aloe Arborescens, in vivo

Introduction
The skin is the largest tissue of the human 

body and performs various functions including 
preventing the penetration of pathogens into 
the body, protecting the underlying structure, 
preserving the body’s water, etc (1). The human 
skin has a non-homogeneous three-layer tissue, 
with different thermal and physical properties (2).
The epidermis is the outermost layer of 
skin which is in direct contact with the 
outside environment. This layer is constantly 
renewed and contains keratinocytes with 
various degrees of differentiation (3).
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Burning is one of the most important problems 
in the world, particularly in developing countries. 
A serious side effect of burns is short-term or 
long-term disability (4). Despite the decline in 
the number of burns over the past decade, there 
are still more than one million burn injuries 
each year in the United States, resulting in more 
than 500,000 emergency department visits (5). 
Burns can develop into deep wounds due to 
damage to the skin and appendages, and due to 
heat transfer they can be one of the most severe 
forms of injury and can result in full-thickness 
burns (third-degree), damage to the epidermis 
and the entire dermis (6, 7). Although being self-
relief, the intricate healing burn wound process 
is uncomfortable and perilous for patient due to 
the slow process and increased possibility to skin 
infections (8). Another important complication 
of burns is temporary or permanent deficits 
in organ function. Therefore, accelerating the 
wound healing process is of great importance in 
this regard (9). Physiopathological observations 
performed immediately after-burn indicate the 
existence of three distinct areas in the burn 
wound (10). The speed of wound healing in skin 
burns is crucial in terms of the costs incurred to 
the hospital, the health system, and the patient. 
The method that reduces recovery time will also 
reduce the financial and psychological influences.

Various drugs and agents have been applied 
for the topical treatment of burn wounds such 
as pamadastate mofenide, silver sulfadiazine, 
silver nitrate, and biological coatings (such 
as Biobran) (11). Standard methods today 
include daily dressing with Vaseline or 
antibiotics creams such as silver sulfadiazine 
cream mostly used to treat burn injuries (12).

Mafnid acetate is associated with pain or 
burning sensation at the site of consumption, 
and repeated use of silver nitrate due to restored 
silver also results in permanent discoloration of 
the skin. Also, using Silver sulfadiazine causes 
reduction in platelet and neutrophil counts 
(13). Herbal medicines are getting significant 
attention all over the world for treating various 
diseases (14), in particular against microbial 

agents exhibiting antimicrobial resistance (15).
Aloe arborescens (A. arborescens) or 

Candelabra Aloe is a species of Aloe and 
belongs to Asphodelaceae (Liliaceae) family. It 
is cultivated as an ornamental plant. Generally, 
Aloe grows in Africa, Asia, Europe and America 
(16). A. arborescens, like Aloe Vera, is effective 
in treating burn wounds and in reducing the 
growth of germs and bacteria for the treatment of 
cancer according to a specific protocol. It is useful 
for treating a wide range of fungi and viruses, 
especially those invading the mucous membrane. 
It is also used to strengthen the immune system 
and regenerate cells (16). The Egyptian Book of 
Remedies (1500 BC) has talked about the use of 
A. arborescens for the treatment of infections, 
the treatment of skin, and the preparation of 
laxative medicines. A. arborescens possesses 
numerous biological activities such as anti-
oxidant, antiviral, antitumor, anti-inflammatory 
and laxative traits (16). It also contains vitamins, 
enzymes, minerals, sugars, lignin, saponins, 
salicylic acids and amino acids (17).

Bacterial skin infections cause high morbidity 
and mortality, to address this health concern 
antimicrobial wound dressings to prevent wound 
contamination have been developed (18, 19). 
This anti-microbial agent contains essentially 
antibiotics, nanoparticles, natural products such 
as essential oils and honey (20-22).

In this research, the histopathologic effect of 
A. arborescens on third-degree burn and its anti-
bacterial effect against Bacillus cereus  (B. cereus), 
Escherichia coli (E. coli), Staphylococcus aureus 
(S. aureus) and Pseudomonas aeruginosa (P. 
aeruginosa) was investigated.

Materials and Methods
Preparation of A. arborescens extract

Mature leaves from A. arborescens were 
collected from northern Iran. The leaves were 
washed with water and ground and homogenized 
in a mixer. The product was obtained (502 g) 
and lyophilized with a freeze dryer at −20 °C. 
This dry extract was weighed and soaked in 
water. Finally, the A. arborescens gel was used. 
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Determination of antibacterial activity of A. 
arborescens extract

The antibacterial activity of A. arborescens 
extract was evaluated using disc diffusion 
method (23-25). A stock solution of extract was 
prepared by dissolving 0.1 g of extract with 
100 mL of distilled water (100 mg/mL) and 
then, diluted into 50 mg/mL concentration. In 
this study, S. aureus (ATCC: 25923), S. cereus 
(ATCC: 14579), as Gram-positive, and E. coli 
(ATCC: 25922) and P. aeruginosa (ATCC: 
27853), as Gram-negative bacteria were used. 
20uL of each dilution (100 and 50 mg/mL) was 
impregnated into sterile, blank discs 6 mm in 
diameter. Antibacterial activity was investigated 
by measuring the diameter of the inhibition zone 
around the discs.
Determination of histopathologic effect of A. 
arborescens on third-degree burn

In this experimental study, the effect of A. 
arborescens extract on the healing process of 
third-degree burns in rats with the control group 
and incurable was performed (26). Thirty rats 
of the Wistar race with approximate weight 180 
to 220 grams were tested without any skin and 
infectious diseases. They were randomly divided 
into three groups (Normal group,

Burn group without treatment, Burn group 
+ Treatment with A. arborescens) with 10 
rats in each. Third-degree burns, the entire 
thickness of the skin is destroyed, namely, 
the epidermis and dermis, and may even 
deepen the injury and involve subcutaneous 
tissues (fat, muscle, and bone). Sometimes, it 
is difficult to distinguish third-degree burns 
from second-degree burns. However, the burn 
area in the third degree is usually black or dry 
and white but the second-degree type is red and 
moist and has a sweaty appearance. After the 
rats were anesthetized with xylazine, their hair 
was shaved and third-degree burn was created 
by hot copper. The treatment process continued 
for 21 days and sampling was done on days 14 
and 21 and the slides were sent to the pathology 
laboratory for testing.

Rresults 
Antimicrobial Efficacy of A. arborescens 
extract

The A. arborescens extract displayed 
remarkable antimicrobial activity against 
Gram-positive including (S. aureus, S. 
cereus) and Gram-negative (E. coli, P. 
aeruginosa) bacteria, as shown in Table 1.

Parameter

Gram-negative

E. coli P. aeruginosa S.aureus B. cereus

Concentration Diameter Inhibition Zone (mm)

100 mg/mL 15±2 18±2 4±1 10±2

50 mg/mL 11±3 15±4 2±2 8±3

Table1. Antimicrobial activity of A. arborescens extract with disc diffusion method
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According to the results of the disc 
diffusion assay, this plant was effective for 
the prevention of Gram-negative such as 
E. coli, P. aeruginosa, bacteria rather than 
Gram-positive including S. aureus, S. cereus. 
The diameter of the inhibition zone was 
associated with the concentration of the extract.

Gentamicin as a reference drug at two various
concentration (10, 5 mg/mL) was shown 

Kaithwas et al reported that A. arborescens 
gel displayed 6 mm inhibition zone in the cases 
of E. coli and P. aeruginosa, in this research the 
initial concentrations of microorganisms are 
unknown, but in our study A. arborescens extract 
showed 25±3 mm and 20±2 mm in (10 mg/mL) 
concentration against E. coli and P. aeruginosa 
respectively (27). Recently, Kaja Kupnik et 
al, reported that antimicrobial efficiency of A. 
arborescens inhibition zone included 14±2, 35±3, 
20±2 and 20±2 mm for E. coli, P. aeruginosa, 
B. cereus and P. fluorescens respectively. 
They confirmed high-level potential of A. 
arborescens for further use in food, medicine, 
pharmaceutical industries and cosmetics (28).

Histopathologic effect of A. arborescens on third-
degree burn

Histological findings showed that a progressive 
improvement after treatment with A. arborescens 
extract in   wound   healing   during   21   days. For 
evaluating the histopathologic effect of A. arborescens 
in three groups including (Normal group, Burn group, 
Burn group + Treatment with A. arborescens, the 
concentration of 100 mg/mL was applied. Normal 
group: There were no burns in the area and the tissue 
was normal Burn group (Day 14): The new epidermis 
has not yet covered the entire wound and the stratified 
tissue was not formed. Slightly fleshy bud tissue was 
formed and hyperemia and collagen fibers were seen
irregularly with inflammatory cells (Figure 1). 

in table 2. This drug exhibited stronger 
inhibition against both Gram-negative and 
Gram-positive at two concentrations. But, our 
green method was very simple and efficient 
at non-toxic level. Notably, the antibacterial 
effects of the A. arborescens extract against 
Gram-negative (E. coli, P. aeruginosa) was 
significantly higher than those of Gram-
positive including S. aureus, S. cereus.

Parameter

Gram-negative

E. coli P. aeruginosa S.aureus B. cereus

Concentration Diameter Inhibition Zone (mm)

10 mg/mL 25±3 20±2 15±2 10±2

5 mg/mL 18±2 16±3 10±2 8±3

Table 2. Antimicrobial activity of gentamicin with disc diffusion method
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Burn of Day 21: Epidermal tissue is 
completely stratified, fleshy bud tissue 

is seen, slightly inflammatory cells 
and hyperemia are seen (Figure 2).

Figure 1. Microscopic view of burn (Day 14) (H&E, ×400)

Figure 2. Microscopic view of burn (Day 21) (H&E, ×400)
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Figure 2. Microscopic view of burn (Day 21) (H&E, ×400)

A. arborescens extract ointment on Day 
14: Epidermal growth and stratified 
are observed and appearance of fleshy 

Burn group + Treatment with A. 
arborescens extract Ointment on Day 
21: Epidermal growth and stratified form 
are completely evident, and in this area, 

the fleshy bud tissue covers the whole 
involved area, blood vessel inflammatory 
ce l l s  and  f ib r in  a r e  abundan t ly 
observed in  this  area (Figure 4) .

bud tissue and few inflammatory 
cells as well as blood vessels and 
subsequent angiogenesis (Figure 3).

Figure 3. Microscopic view of burn group + treatment with  A. arborescens extract ointment on day 14 (H&E, ×400)

Figure 4. Microscopic view of burn group + treatment with A. arborescens extract ointment on day 21 (H&E, ×400)
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Discussion
The results of this study unraveled that 

the medicinal plant A. arborescens exerted 
promising healing effect on the third-
degree burn. Angiogenesis and blood vessel 
development is one of the most effective 
factors in wound healing, thereby the plant 
led to the efficient wound healing process, 
preventing deepening of the wound (29-32).

Some researchers consider medicinal 
plants such as garlic extract as an antioxidant 
to prevent heat damage, banana leaf to prevent 
scarring in second-degree burns, honey to 
reduce inflammation and its antimicrobial 
activity in burn wounds (33-36). Henna and 
linseed herbs were suggested as a proper 
alternative for healing of wounds in second-
degree burns (37). Some of these drugs 
accelerate the healing of burn wounds by 
boosting blood vessels, increasing the level 
of growth and proliferation of fibroblasts 
and creating a humid environment (38, 39). 
Silver Sulfadiazine is also a common drug 
for healing wounds, however it is believed 
that silver group drugs have toxic effects 
and have reported a negative effect on the 
growth, the number of fibroblasts, and 
collagen formation (40-43). The use of the 
medicinal plant in combination with some 
common drugs such as Silver Sulfadiazine 
1%, Silonofloxacin (44) and Sodium 
Nitrate require further verifications (41).
This study lasted 21 days. On the 14th

day of treatment with A. arborescens burn 
group, epidermal growth and adhesion were 
observed and little presence of broiler bud 
tissue and inflammatory cells as well as little 
blood vessels followed by angiogenesis. In 
a study, minimum inhibitory concentration 
(MIC) value of A. arborescens leaf extract 
ranged 0.07 to 1.13 mg/mL against E. 
coli. The extract mechanism of action 
included inhibition of bacterial respiratory 
chain dehydrogenase and effects on cell 
integrity and membrane permeability 
(45). In this study, we did not determine 
the MIC values of the A. arborescens.

On 21st  and the last day of treatment, 
the stratified skin epidermis growth was 
conveniently visible, with fleshy bud tissue 
covering the entire affected area, and blood 
vessels’ inflammatory cells and fibrin in the 
area were highly visible. In contrast to a 
work by Hossein Nikzad et al. (46), there 
was no significant effect on the healing 
process of second-degree burn wounds in a 
trial of herbal medicines containing rosemary 
leaves. Application of A. arborescens extract 
on third degree burn wounds significantly 
decreased burn surface area and increased 
blood vessel and fibrin in comparison with 
control group. Major limitations of our study 
included low number of samples and lack of 
valid phenotypic antimicrobial tests such as 
MIC determination and biofilm inhibition, 
and molecular techniques to determine 

Improvement of burn wounds using A. arborescens extract extract was shown in Figure 5.

Figure 5. Progressive improvement of burn wound in rats treated with A. Arborescens extract
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related cellular pathways of wound healing.

Conclusion
This study indicated that A. arborescens 

extract had a positive effect on healing 
process of third degree burns. Also, the 
antibacterial effects of the A. arborescens 
extract against Gram-negative species (E. coli, 
P. aeruginosa) was significantly higher than 
those of Gram-positive species (S. aureus, B. 
cereus). Further research with higher number 
of samples is needed to verify those cellular 
pathways participating in the wound healing 
process. In addition, research on other 
herbal medicines or bioactive compounds 
is also justifiably applicable in this regard.
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