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ABSTRACT
This study was undertaken to evaluate the wound healing properties of Aloe vera (Aloe barbadensis) on 

cutaneous wounds. Forty rats were randomly divided into two equal groups (control and experimental). 1.5 mL 
of fi ltered Aloe vera aqueous extract was used on the lesions of the experimental group. Wound contraction was 
measured planimetrically on day 5, 10, 15 and 20. Twenty rats (10 of each group) were sacrifi ced on day 10 and 
then histopathological and biomechanical samplings were done. The remaining animals were sacrifi ced on day 
20. Treated animals showed a non-signifi cant improvement in wound contraction and histopathology on day 10. 
Wound contraction started showing signifi cant differences between groups from day 15 onwards. The lesions of 
the treated animals showed a better alignment, fewer infl ammatory cells infi ltration and signifi cantly improved 
biomechanical properties on day 20 (P<0.05). These results suggested that application of Aloe vera aqueous 
extract on open wounds induces signifi cant wound contraction and accelerates healing.
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Introduction
Proper scientifi c investigations on Aloe vera (Aloe barbadensis Miller) have gained 

more attention over the last decade due to its reputable, medicinal, pharmaceutical and 
food properties. Aloe vera (Av) belongs to the Liliaceae family, of which about 360 
species are identifi ed. Av is a cactus-like plant that grows readily in hot, dry climates 
and currently, because of demand, is cultivated in large quantities (VOGLER and ERNST, 
1999). Aloe barbadensis Miller (Ab), one of the Av types, is the most commonly used 
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form for commercial and also therapeutic purposes in North America, Europe, and Asia 
(HU et al., 2003). Ab have been used as an anti-infl ammatory natural agent, for treatment 
of ulcers, hepatitis and neoplasms, and also for wound healing. It has also been used in 
the traditional medicine of many cultures and said to be benefi cial in the treatment of 
disorders such as gout, acne, dermatitis and of wounds such as peptic ulcers and burns 
(REYNOLDS and DWECK, 1999) and also as an anti diabetic agent (NOOR et al., 2008). 
Cosmetic and some medicinal products called Av gel are made from the mucilaginous 
tissue in the centre of the Av leaf (VOGLER and ERNST, 1999). Av contains Anthraquinone, 
Glycosaminoglycans, Acemannan and Carbohydrates. Anthraquinone is extracted from 
the plant before use (VINSON et al., 2005). It has been reported that Anthraquinone and 
acemannan activate macrophages, stimulate T lymphocytes and have antiviral effects 
(LEE et al., 2000; KIM and LEE, 1997). Antioxidative effects of Ab has been shown in 
several studies (LEE et al., 2000; HU et al., 2003). The antigenotoxic and chemopreventive 
effects of this drug have been described in several studies (HU et al., 2003). It has been 
reported that Av gel has angiogenic effects and causes new vessel formation in cingulated 
cortex and septal areas in gerbil brain after ischaemia/reperfusion injury (CHOI et al., 
2002). Its depressive effects on neurotransmission, blocking axonal refl ex and anti-
infl ammatory and analgesic effects in most body organs was already stated (FRIEDMAN 
and SI, 1999). It has been shown that it does not have any toxic effects on central nervous 
system cells in rat models (KOSIF et al., 2008). Av leaf gel was found to contain Vitamin C, 
E and aminoacids which are essential for wound healing (DAVIS, 1991). In order to fully 
understand the effects of this valuable herbal extract on wound healing a large amount of 
research has been recently conducted to elucidate the various therapeutic aspects of this 
drug on lesions of various organs (KOSIF et al., 2008; KILIÇ, 2005; CHITHRA et al., 1998a; 
RAMACHANDRA and RAO, 2008; SUBRAMANIAN et al., 2006). In contrast to the reported 
positive effects of this herb, some researchers have stated that the topical application 
of Av does not seem to enhance healing of the damaged skin (WILLIAMS et al., 1996). 
Reviews of the evidence regarding the wound healing effi cacy of this herb show that the 
results of various pieces of research are still contradictory (VOGLER and ERNST, 1999). 

Therefore, in the light of Av use as a wound healing agent in folk and modern 
medicine, the present study was undertaken to fully evaluate the dermal wound healing 
potential of this drug after topical application of its aqueous extract on experimentally 
induced cutaneous wounds in rat models. 

Materials and methods 
All the procedures were conducted in accordance with the Iranian community 

guidelines for laboratory animals and the principles of laboratory animal care (NIH 
publication NO. 86-23, revised 1985) were followed.
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Experimental animals. Forty mature male Sprague-Dawley rats, weighing 200-250 g 
were housed in individual cages with controlled light, temperature and humidity. The rats 
were fed commercial rat feed and water ad libitum. 

 Wound creation. The rats were weighed prior to the surgical procedure. The animals 
were anesthetized by intra muscular injection of ketamine hydrochloride (40 mg/kg) 
plus xylazine hydrochloride (5 mg/kg). Carprofen was injected into all animals (4 mg/kg 
subcutaneously) just before the operation for pre-emptive analgesia and then every 24 
h for 3 days postoperatively. The backs of the animals, in the cervical region of each 
animal, were surgically prepared for aseptic surgery. An excision wound of size 4 cm2 
was made by cutting out a 2×2 cm piece of skin from the shaved area. The wounds were 
of full thickness type extending up to the subcutaneous tissue.

Experimental protocol. After wound creation, the animals were randomly divided 
into two equal groups; group I (n = 20): untreated control rats; and group II (n = 20): rats 
treated topically with Av. Twenty rats (10 of each group) were sacrifi ced on day 10 PI (post 
injury) and the samples from 5 animals of each group were used for histopathological 
evaluation and the remaining 5 samples of each group, were stored at -20 °C until 
biomechanical analysis. The rest of the animals (n = 20) were sacrifi ced on day 20 PI in 
the same manner and sampling was done as on the 10th day. 

Preparation and administration of aqueous Aloe vera extract (AAvE). Full size 
mature leaves were cut from the plant and the rind removed (CHITHRA et al., 1998b). To 
make the gel thicker, the plant’s leaves were given suffi cient time to be relatively dried at 
room temperature without exposure to direct sunshine. After adding a small quantity of 
water, the leaves were then ground in a blender and centrifuged at 10,000 g, to remove the 
fi bers and then fi ltered through fi lter papers (Qualitative Papers, Retention(um): 20-25, 
Porosity: course, No. 4, The Lab Depot Inc., Dawsonville, USA). The fi ltered aqueous 
extract was stored at +4 °C before use and allowed to warm up to room temperature a few 
hours before 1.5 mL of it was applied to the wounds (RAMACHANDRA and RAO, 2008). 
All the wounds (Treated and Control) were rinsed daily with 10 mL sterile saline solution. 
The treated group then received 1.5 mL of the prepared AAvE topically once a day, for 
fi ve days, whereas the wounds of the control group remained untreated. The wounds 
remained uncovered in both groups throughout the experiment.

Determination of rate of wound contraction. The progressive changes in wound 
contraction were monitored planimetrically by tracing the wound margin on clean graph 
paper on days 5, 10, 15 and 20. The graph paper was laid on the wound surface, smoothed, 
and held fl at and immobile by an assistant while the tracing was made by the examiner, 
wearing 2.5× loupes. The outlined area was defi ned as ‘wound area’. Wound tracings 
were digitized using digital scanning software and hardware (Sigma Scan® Pro 5.0, SPSS 
Science, Chicago, IL, USA). 
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Histopathological evaluation. Skin samples from both the wound and comparable 
adjoining normal skin were fi xed in 10% neutral-buffered formalin. After fi xation, 
the tissues were embedded in paraffi n, and sections of 5 μm in thickness were stained 
using hematoxylin and eosin (H&E), Masson green trichrome and alcian blue/PAS 
and studied by a routine light microscope. Histological examinations were performed 
in a double-blind fashion. The criteria that were studied in histopathological sections 
consisted of hemorrhage, fi brin deposition, polymorphonuclear cell and mononuclear 
cell infi ltration, reepithelialization, cornifi cation of the epithelium, fi broblast content, 
glycosaminoglycan secretions, collagen content, revascularizations, necrosis, presence of 
fi brocytes, maturation and organization of collagen, elastic fi bers, fi broblasts and blood 
vessels. The concentration of glycosaminoglycans was estimated qualitatively based on 
the concentration of the ground substance of the histopathological sections of the lesions 
after staining with alcian blue/PAS and a higher concentration of the ground substance 
was stated as larger amounts of the glycosaminoglycans and proteoglycans. Collagen 
content was measured on the basis of the connective tissue density measurement on the 
histopathological sections stained with Masson green trichrome, of the experimental and 
control lesions. 

In every skin section an area just beneath the epidermis at the incised area was 
randomly selected. Thereafter, three other consecutive areas moving towards the deep 
dermis were selected. An eyepiece graticule with 24 squares with known dimensions 
was used for cell counting. The cells present in all 24 squares were counted at constant 
objective magnifi cation of ×40. The cells present in each square were counted three times 
for accuracy and the average cell count was calculated as cells per mm2. Duplicate counts 
were carried out by two observers independently (ORYAN and SHOUSHTARI, 2008). The 
number of fi broblast, macrophages, lymphocytes and blood vessels were counted and 
their mean and standard deviations were calculated.

Biomechanical studies. After shaving, the skin containing the incision area was 
excised in a rectangular shape (10×2 cm). Another similar skin sample from the intact 
skin of the comparable area far from the site of the initial excision of the same animal 
was excised as intact control skin. The samples were kept frozen (-20 °C), promptly after 
sampling for a maximum of 5 days before being tested (ORYAN and ZAKER, 1998). Prior 
to testing they were then thawed at room temperature (ORYAN et al., 2008; BUTLER et 
al., 2000). A Universal Instron testing machine was used for biomechanical testing of the 
specimens (TT-CM-L, England). After thawing, the skin pieces were mounted on a frame 
and care was taken that the skin was not stretched in any direction, and then both sides 
of the skin fl ap were clamped into a pair of grips so that a constant length of 4 cm, with 
the wound in the middle of the skin piece, was used for tensile testing. The skin fl ap was 
stretched using a constant strain rate of 10 mm/min and a chart speed of 5 cm/min, and the 
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ultimate tensile strength, yield strength and stiffness were calculated based on the load-
deformation curve (ORYAN et al., 2007). 

Statistical analysis. One-way analysis of variance ANOVA was used to evaluate the 
differences of biomechanical parameters between treated and control groups. Student’s t-
test was used to evaluate the signifi cant differences of biomechanical parameters between 
treated and untreated lesions and with those of their normal contra-lateral skin samples. 
Neutrophils, macrophages, fi broblasts scores and vessel counts were analysed using 
one-way ANOVA. When the differences among the groups were signifi cant, Duncan’s 
multiple range test was used. All analyses were performed using SPSS 13.0 (SPSS Inc., 
Chicago, IL, USA). A P-value lower than 0.05 was considered signifi cant.

Results
Observations during daily wound care. Wound surface area was calculated and 

expressed in cm2 as shown in Table 1. There was a signifi cant reduction in the wound 
surface area of the treated lesions on days 15 and 20 compared to those of the untreated 
ones.

Fig. 1. A) The untreated lesion on day 10 post-injury. The connective tissue of the dermis is highly 
infi ltrated with infl ammatory cells (arrows); the newly formed collagen fi bers are unorganized and 
show a haphazardly distributed pattern. The glycosaminoglycan formation in the dermis is scanty 
(H&E; ×220). B) The treated lesion on day 10 post-injury. Numerous blood vessels of different 

sizes are seen in this section (arrows). The collagen fi bers show a primitive organized pattern and 
the tissue alignment is greater as compared to untreated lesions (H&E; ×180).

A. Oryan et al.: Effect of Aloe vera on cutaneous wound healing
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Fig. 2. A) Untreated lesion on day 20 post-
injury. Re-epithelializtion is well developed but 

cornifi cation has not yet taken place. The number 
of blood vessels is fewer than those of the treated 
lesions on day 20 post-injury and in comparison 
to those of the untreated lesions on day 10 post-

injury. Many mononuclear infl ammatory cells have 
infi ltrated between the collagen fi bers of the dermis 

(H&E; ×180). B) Treated lesion on day 20 post-
injury. Re-epithelializtion and cornifi cation is well 

developed. Compared to those of day 10 post-injury 
the number of blood vessels is reduced (arrows). 
Fewer macrophages and lymphocytes are seen in 
this section, compared to those of the untreated 

lesions tissue alignment is improved (H&E; ×180). 
C) Treated lesion on day 20 post-injury. Compared 
to those of the untreated lesions a lower number of 
lymphocytes and macrophages have infi ltrated the 

dermis. Collagen fi bers are organizing and the tissue 
is aligned (H&E; ×180). 
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Table 1. Mean ± SD of wound surface area (cm2) in treated and control groups on different days 
post surgery 

Groups Day 5 Day 10 Day 15* Day 20*

Control
3.62 ± 0.73

(n = 20)
2.01 ± 0.36

(n = 20)
1.12 ± 0.56

(n = 10)
0.25 ± 0.41

(n = 10)

Treated
3.51 ± 0.61

(n = 20)
2.22 ± 0.49

(n = 20)
0.89 ± 0.70

(n = 10)
0.1 ± 0.01
(n = 10)

* There was a signifi cant difference in wound surface areas on days 15 and 20 post-injury.

Table 2. Mean ± SD of the number of lymphocytes, macrophages, fi broblasts and blood vessels of 
treated and untreated sections obtained on day 10 post-injury

GroupsGroups LymphocytesLymphocytes MacrophagesMacrophages FibroblastsFibroblasts Blood vesselBlood vessel
ControlControl 87.67 ± 6.1287.67 ± 6.12 53.33 ± 5.0953.33 ± 5.09 52.33 ± 11.9152.33 ± 11.91 12.66 ± 3.0812.66 ± 3.08
TreatmentTreatment 53.5 ± 7.9753.5 ± 7.97 36.00 ± 5.7336.00 ± 5.73 47.00 ± 6.4747.00 ± 6.47 22.83 ± 7.0822.83 ± 7.08

There was a non-signifi cantly lower number of infl ammatory cells and higher blood vessel count of the treated 
lesions on day 10 (counted through objective lens with ×40 magnifi cation).

Table 3. Mean ± SD of the number of lymphocytes, macrophages, fi broblasts and blood vessels of 
treated and untreated sections obtained on day 20 post-injury

Groups Lymphocytes* Macrophages* Fibroblasts Blood vessel*
Control 41.67 ± 4.55 28.33 ± 6.80 45.00 ± 8.58 6.5 ± 2.59
Treatment 15.00 ± 4.93 9.83 ± 3.76 39.83 ± 8.52 13.5 ± 2.73

There was a signifi cantly lower number of lymphocytes, macrophages and a higher number of blood vessels in 
the treated group as compared to the untreated one (counted through objective lens with × 40 magnifi cation).

Histopathological fi ndings. Numerous infl ammatory cells including lymphocytes, 
plasma cells and macrophages infi ltrated the dermis, particularly the deeper dermis 
of the untreated lesions on day 10 PI. Many immature fi broblasts and fewer mature 
fi brocytes were also present in the dermis of the untreated lesions. The newly formed 
collagen fi bers of the untreated lesions were still unorganized and showed a haphazardly 
distributed pattern at this stage. Angiogenesis was evident in the untreated wounds (Fig. 
1). New blood vessels were evident in the lesions of untreated lesions at this stage and re-
epithelialization was not complete in the lesions of three of these animals of the untreated 
group on day 10 PI, however, the lesions of the remaining two rats showed a thicker 
epithelium and much mitotic fi gures. The Mean ± SD of the infl ammatory cells and the 
blood vessels of the treated and untreated lesions are presented in Table 2. As shown in 
Table 2, compared to those of the control lesions, fewer lymphocytes and macrophages 
infi ltrated the lesions of the treated animals on day 10 PI. Greater numbers of blood 
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vessels were seen in the treated lesions than those of the untreated ones. The collagen 
fi bers showed a more organized pattern and the tissue alignment was greater as compared 
to the untreated lesions at the same stage. The lesions of four animals showed proper re-
epithelialization at this stage, however, re-epithelialization was not complete in one of 
these animals. There was no evidence of pus accumulation, or polymorphonuclear cell 
infi ltration, fi brin deposition or edema accumulation in the lesions of treated or untreated 
animals on day 10 PI (Fig. 1). Apart from in one animal, the lesions of the untreated group 
showed proper re-epithelialization and cornifi cation on day 20 PI. The blood vessels of 
the untreated lesions were fewer than those of the treated lesions; however, their diameter 
was larger as compared to the untreated lesions on day 10. Lymphocytes and macrophages 
were still present in the lesions of untreated animals on day 20 PI and their number was 
signifi cantly greater than those of the treated lesions (P<0.05). Some sections showed an 
improved alignment of the collagen fi bers and fi broblasts, however, most of the lesions 
were still improperly organized at this stage (Table 3 and Fig. 2A). 

Fig. 3. Yield strength, ultimate strength and stiffness of the treated, untreated and intact skin 
samples on day 10 post-injury. There was no signifi cant difference between the biomechanical 

properties of the treated and untreated lesions on day 10 post-injury (P>0.05), and all items were 
signifi cantly lower than those of their intact contra-lateral skins.

A. Oryan et al.: Effect of Aloe vera on cutaneous wound healing
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The histopathological sections of all the treated animals on day PI showed a proper 
re-epithelilization and unique epithelial formation. Fewer lymphocytes and macrophages 
infi ltrated the lesions of the treated compared to the untreated animals (Table 3). Most of 
the fi broblasts of the injured treated lesions were relatively mature at this stage but they 
had not yet developed into fi brocytes. Collagen fi bers and fi broblasts were organizing and 
the tissue was aligning (Fig. 2B and C). Compared to those of the untreated lesions, the 
treated lesions showed signifi cantly greater maturation, better tissue alignment, a lower 
number of infl ammatory cells and higher biomechanical properties on day 20 PI. 

Biomechanical fi ndings. As shown in Figures 3 and 4, there was no improvement in 
biomechanical properties on day 10 PI; however, the yield strength, ultimate strength and 
tissue stiffness of the treated samples were signifi cantly higher on day 20 PI compared 
to those of the untreated lesions. These parameters were lower in the treated or untreated 
lesions, compared to those of their intact contra-lateral skins.

Discussion
The results on day 10 PI showed that healing was well underway in both the treated 

and untreated groups considering wound contraction and cell proliferation, which are 
shown in Tables 1 and 2. As shown in Fig. 1, the biomechanical properties of the treated 
and untreated samples were almost similar and did not show a signifi cant difference on 
day 10 PI, moreover, both were inferior to their intact contra-lateral skin samples. The 

Fig. 4. Yield strength, ultimate strength and stiffness of the treated, untreated and normal skin 
samples on day 20 post-injury. Treated samples showed signifi cant improvement in biomechanical 
properties as compared to control ones on day 20 (P<0.05). Neither the treated nor the untreated 

samples reached the original normal values of the intact skin.

A. Oryan et al.: Effect of Aloe vera on cutaneous wound healing
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observed reduction in the mechanical properties of both treated and untreated healing 
skins compared with uninjured controls would be expected at the early stage of repair 
investigated in this study and correlated with the histopathological fi ndings. At this 
stage the newly formed collagen fi bers are immature, their cross-links were not properly 
developed and are mostly of type III collagen with small sized collagen fi brils that have 
a haphazard pattern of distribution (CHITHRA et al., 1998a). It has been reported that Av 
increases the collagen content of the granulation tissue as well as its degree of cross-
linking, as seen by increased aldehyde content and decreased acid solubility (CHITHRA 
et al., 1998a). Although the present study showed the benefi cial effects of the Av on the 
morphology of dermal wound healing in rats on both days 10 and 20 PI., the differences 
on day 10 PI were not signifi cant but they improved to a signifi cant difference on day 
20 PI. The overall number of infl ammatory cells was also less in the treated than the 
untreated lesions which implies more progression in healing in the treated group than the 
untreated ones. Our results on the effects of AAvE on the early stages of wound healing 
were in contrast to those of SUBRAMANIAN et al. (2006) and MOGHBEL et al. (2007). 
SUBRAMANIAN et al. (2006) reported a signifi cant improvement in the reduction of wound 
size of the treated animals on day 7 PI. They reported a well organized granulation tissue 
in the treated lesions on day 7 PI that contained signifi cantly higher hydroxyproline, 
collagen and DNA contents. They stated that the antioxidative criteria of the plant extract 
may be responsible for these enhanced wound healing properties.

During the early wound healing process, epithelial cells proliferate and migrate 
from the edges of the wounds and eventually cover it. Proliferation and migration of the 
epithelial cells and fi broblasts is dependant on an adequate oxygen supply. This amount 
of oxygen is supplied either by increasing the rate of blood fl ow in the existing blood 
vessels, or the granulation tissue receives its oxygen requirements through the newly 
formed blood vessels. Increase in the blood fl ow by this reagent is very unlikely and 
the angiogenic activity of this extract possibly is responsible for providing more blood 
and oxygen supply and therefore an enhanced wound healing outcome (RUBIN, 1984). 
In addition to an improved alignment and reduced infl ammatory cell infi ltration of the 
treated lesions compared to those of the untreated ones, the treated lesions after both 10 
and 20 days PI in the present study were more vascular. It has been said that Av speeds up 
the healing of damaged epithelial tissue in wounds by providing essential micronutrients 
by its angiogenic behavior, eliciting an anti-infl ammatory effect and stimulation of skin 
fi broblasts (DANHOFF and McANALLY, 1983). MOGHBEL et al. (2007) reported that the 
rate of wound healing of burn wounds treated with Av gel was 50% faster than routine 
treatment with silver sulfadiazine. They were not able to propose the exact mechanisms of 
the action of Av natural gel on burn wounds but suggested that the mannose-6-phosphate 
present in Av, which contains glucose and mannose chains may be effective in improving 
the healing rate (MOGHBEL et al., 2007). Mannose-6-phosphate has been introduced as 
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the active part of Av responsible in wound healing (DAVIS et al., 1994). This substance 
also contains enzymes, glycoproteins, growth factors, vitamins and minerals (DAVIS, 
1991) that have been shown to improve healing with enhanced epithelialization and rapid 
formation and maturation of granulation tissue in burn wounds (VISUTHIKOSOL et al., 
1995). It has been stated that insulin-like growth factor II and mannose-6-phosphate bind 
to the same receptor on the fi broblast (WESTLUND et al., 1991). These two ligands activate 
the fi broblasts to enhance the wound healing process. An important criterion that might 
make SUBRAMANIAN et al. (2006) and MOGHBEL et al. (2007) fi ndings different from the 
fi nding of the present study is that they applied the gel for longer time. SUBRAMANIAN 
et al. (2006) applied the gel twice a day for a period of 14 days and MOGHBEL et al. (2007) 
applied the gel twice a day for 18 days, while in the present experiment the AAvE was 
applied once a day for fi ve days. 

Higher rate of wound contraction on days 15 and 20 PI together with signifi cant 
improvement of biomechanical and histopathological fi ndings in the treated lesions on 
day 20 PI compared to those of the untreated ones in the present study are in accordance 
with fi ndings of most of the previous investigators (FEILY and NAMAZI, 2009; CHITHRA 
et al., 1998a; MOGHBEL et al., 2007; SUBRAMANIAN et al., 2006). The enhanced rate of 
wound contraction and reduction in healing time in treated rats might be due to the 
anti-infl ammatory effects of this material together with its effect on maturation and 
organization of the granulation tissue. Another and perhaps signifi cant feature in the 
treated group was that their newly formed collagen fi bers were aligned and were not 
randomly distributed as in the untreated lesions. The histological appearance indicated a 
greater degree of organization of the collagen orientation in the treated lesions and a more 
normal alignment of new collagen, which was strikingly similar to that of the normal 
undamaged, skins. It is possible that this was brought about by a modifi cation of the 
infl ammatory reaction or organization of the fi brin network in the tissue spaces at early 
stages of infl ammatory phase of healing by the Av extract, which may act as a ‘scaffold’ 
or template for fi broblast activity. It also appears that Av may have enhanced the return of 
cellularity to within normal level. This could merely refl ect the anti-infl ammatory effect 
of the drug in reducing the number of adventitious phagocytic cells in the area. 

Although SUBRAMANIAN et al. (2006) reported that the most possible wound healing 
explanation of this extract is that Av increases wound healing by stimulating fi broblasts 
directly, compared to those of the untreated ones, the fi broblast count of the treated lesions 
in the present study did not improved signifi cantly. It seems that Av is not effective in the 
proliferation of fi broblasts but it exerts its effects on the further maturation and alignment 
of the fi broblasts and collagen fi brils and eventually improves the biomechanical 
characteristics of the granulation tissue. However, more investigation, especially in vitro, 
is needed to fully evaluate the effects of Av on fi broblast metabolism and proliferation. 

A. Oryan et al.: Effect of Aloe vera on cutaneous wound healing
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The treatment accelerated a return to normal values, thus contributing to a possible 
improvement in the effi ciency of the healing process. So, the high degree of tissue 
organization and repair at 20 days PI suggests the likelihood of more rapid and complete 
restoration of normal functional mechanics as the granulation tissue matures. Provided 
that the new, small-diameter unorganized fi brils subsequently mature in a normal manner 
and give rise to large diameter fi brils, mechanical strength should increase with time. 
Further experimental studies and longer term studies after treatment with Av will be 
required to confi rm this. 

Conclusions
Therefore, from these fi ndings it could be concluded that application of Av to an open 

wound induces signifi cant wound contraction and accelerates wound healing and this 
herbal aqueous extract may be a promising medication for open wounds. Macroscopic, 
microscopic and biomechanical results indicated that topically administered Av accelerated 
epithelialization, wound contraction, tissue alignment and tissue strength at the later stage 
of wound healing.
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SAŽETAK
Istraživanje je poduzeto radi prosudbe učinka iscrpka aloje Aloe vera (Aloe barbadensis) na cijeljenje  

kožnih rana. Četrdeset štakora bilo je nasumce podijeljeno u dvije jednake skupine (kontrolnu i pokusnu). 
Filtrirani vodeni iscrpak Aloe vera u količini od 1,5 mL bio je primijenjen na ozljede kože štakora pokusne 
skupine. Veličina ožiljka mjerena je planimetrijski 5., 10., 15. i 20. dana. Dvadeset štakora (10 iz svake skupine) 
bilo je žrtvovano 10. dana pri čemu su uzeti uzorci za patohistološku i biomehaničku pretragu. Ostale životinje 
bile su žrtvovane 20. dana od početka pokusa. Liječene životinje pokazivale su nesignifi kantno poboljšanje 
cikatrizacije i patohistoloških promjena rana. Značajna razlika u veličini ožiljka između dviju skupina 
ustanovljena je nakon 15. dana. U pokusnih životinja ustanovljeno je bolje zacijeljivanje, slabija infi ltracija 
upalnih stanica i značajno poboljšanje biomehaničkih svojstava 20. dana (P<0,05). Rezultati upućuju na 
zaključak da primjena vodenoga iscrpka aloje Aloe vera na otvorene rane znatno potiče tvorbu ožiljka i ubrzava 
njihovo cijeljenje. 

Ključne riječi: Aloe vera, vodeni iscrpak, cijeljenje rana, štakor
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