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ABSTRACT

Objective: The objective of this research was to evaluate the effect of different concentrations of Aloe vera (AV) on inflammation of diabetic ulcers in
arat model.

Methods: The induction of diabetes was conducted by injection of alloxan monohydrate. This study involved four groups, including 0%, 10%, 30%,
and inner leaf AV (ILAV) gel groups. Necrotic tissue, wound size, inflammation, and reepithelialization were evaluated. Wound tissue was collected on
days 4 and 8. Histological analysis was performed by hematoxylin and eosin staining. Differences in the intensity of inflammation were analyzed using
Kruskal-Wallis test followed by Mann-Whitney U-test.

Results: On day 13, wounds in gels containing AV were almost completely healed, whereas wounds in the 0% gel group (control) were still covered
with necrotic tissue. On day 3, the intensity of inflammation in the 30% and ILAV groups was significantly less when compared to the 10% and control
groups. On day 8, inflammation was less significant in the 10%, 30%, and ILAV groups when compared with the control group. Moreover, the intensity
of inflammation in the 30% and ILAV groups was significantly less compared to the 10% group. In addition, reepithelialization was more advanced in
the 10% and 30% ILAV groups compared with the control group, and reepithelialization was most advanced in the 30% and ILAV groups.

Conclusion: Our study indicated that gels containing AV reduced inflammation and improved reepithelialization of diabetic ulcers in a rat model.
Therefore, it is highly recommended for clinicians to use AV gels for topical treatment of diabetic ulcers.
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INTRODUCTION

Diabetes mellitus (DM) has become a serious health problem,
worldwide, because it can significantly increase health-care costs,
reduce the quality of life, and cause mortality. It has been reported that
more than 347 million people suffer from DM globally [1]. This number
is likely to be doubled by 2030. In a previous study, it was reported that
almost 80% of mortalities due to DM occur in low- and middle-income
countries [1].

One of the complications of DM is diabetic ulcer. In a previous study, it
has been reported that up to 26, 1 million patients with DM suffer from
diabetic foot ulcers [2]. Among all amputations in diabetic patients,
85% were preceded by foot ulcers. A previous study showed that
more than 80% of amputations are due to foot ulcers [3,4] and that
the mortality rate due to diabetic foot ulcers is quite high. It has been
reported that the 5-year mortality rate due to diabetic foot ulcers was
as high as 74% [5].

In general, wound care technologies are used to accelerate wound
healing of diabetic foot ulcers in patients [6,7]. However, such
technologies are usually not present in developing or low-income
country, such as Indonesia. Therefore, natural products are often
used for wound treatment. In Indonesia, the natural product that is
commonly used to treat diabetic foot ulcers is AV.

In previous studies, it was reported that AV had several pharmacological
activities, including hypoglycemic effects, anti-inflammatory,
antibacterial, antifungal, and antiarthritis. Due to its properties, AV has
been used for the treatment of wounds [8]. In a previous study, it was

reported that AV accelerated the healing of burn wounds and acute
wounds [9]. Moreover, it has been shown that AV improved wound
healing in diabetic rats by promoting wound healing in the proliferating
phase, including fibroblast proliferation, myofibroblast differentiation,
and extracellular matrix formation [10]. Although it has been shown
that AV accelerated wound healing during the proliferation phase, the
roles of AV in the inflammation phase and re-epithelialization phase
are still unclear. In a previous study by Chitra (1998) and Daburkar
(2014), tissue was investigated on days 3 and 13; however, their study
focused on the effect of AV on promoting tissue proliferation; however,
the effect of AV on inflammation was not investigated [11,12]. Moreover,
the concentration of AV that can reduce inflammation and improve
reepithelialization is also still unclear. Therefore, the purpose of our
study was to evaluate the effect of different concentrations of AV on
inflammation and reepithelialization of diabetic ulcers in a rat model.

METHODS

Chemicals

Chemicals were used in this study, including sodium alginate, and
methylparaben was from Bratachem, Indonesia. Alloxan monohydrate
and ketamine hydrochloride were purchased from Sigma-Aldrich Co
(St. Louis, MO, USA). All other compounds used were of analytical grade.

Preparation of gels

The identity of AV was confirmed by the Department of Pharmaceuticals,
Jenderal Soedirman University, Indonesia. The surface of the leaves
was cleaned with ethanol to remove debris or dirt. The leaves were
separated from the gel of the plant using sterilized surgical blades. Next,
AV was chopped into small pieces, air-dried, and grinded into powder.
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AV powder was extracted with 95% ethanol at 90°C for 5 days and
evaporated into concentrated extract using a distillation set.

Preparation of AV gels was according to the methods described in a
previous study [13]. Briefly, sodium alginate was mixed with ethanol
and distilled water and then allowed to stand for 10 min until expanded.
Methylparaben was dissolved in glycerin. AV extract was then put into
the basic mixture, stirred until homogeneous, and a gel mass had formed.
A total of 100 of gel was applied to the wound using a micropipette.

Animals

Male Wistar rats weighing 180-200 g (age 12-14 weeks) were used
in this study. Rats were purchased from the Department of Pharmacy,
Muhammadiyah University (Purwokerto, Indonesia). Rats were given
food and water ad libitum. The animal protocol was approved by the
Ethical Committee of the University of Jenderal Soedirman (Purwokerto,
Indonesia).

Induction of diabetes and wounding procedure

Rats were acclimated for 1 week before induction of diabetes.
To establish hyperglycemic rats, rats were injected with alloxan
hydrochloride (90 mg/Kg body weight). To confirm that rats had
become hyperglycemic, blood was collected from the tail vein and
glucose levels were assessed. Rats were included in experiments when
blood glucose levels reached 275 Mg/dLl.

Rats were shaved 1 day before wounding. On the wounding day and
before the wounding procedure, rats were anesthetized by ketamine
hydrochloride (40 mg/kg body weight). The wounding procedure was
performed based on our previous study [14]. Wounds with a diameter
of 1 cm were made on the dorsum of the rats, and the rats were divided
into four groups: 0% gel group, 10% gel group, 30% gel group, and
inner leaf AV (ILAV) group. The group of 0% means was injected with a
gel that did not contain AV, and it only contained the base gel and acted
as a control group. Rats were anesthetized through intraperitoneal
injection of ketamine hydrochloride. Wounds with a diameter of 1 cm
were made on the back of rat.

Wounds were cleansed every day with a normal saline solution.
After cleansing, the gel (100 pl) was applied to the wound. After the
application of gel, wounds were covered with transparent film dressing.

Histological procedure

Animals were sacrificed on post-wounding days 4 and 8 and harvested
on the same day. Tissues were fixed in 10% formaldehyde, dehydrated
through a graded series of alcohol and xylene, embedded in paraffin,
and cut into 4-mm thick sections. Sections were then stained with
hematoxylin-eosin (HE) staining and observed under a light microscope
at x40 magnification. Tissue examination was performed according to
a previous method [15].

Statistical analysis

Statistical analyses were conducted by SPSS software (SPSS version 21
for Windows, SPSS Inc., Chicago, IL, USA). To compare the intensity of
inflammation between groups, Kruskal-Wallis test followed by Mann-
Whitney test was used. p<0.05 was considered statistically significant.

RESULTS

Macroscopic findings

The macroscopic findings are presented in Fig. 1. The appearance of
the wounds on the day 0 was similar for all groups. From day 1 to day
9, the wounds in all groups were covered with a thin layer of necrotic
tissue. On day 13, wounds in the all groups containing AV were almost
completely healed, whereas wounds in the control group were still
covered with necrotic tissue.

HE staining
The histological findings in the epidermis dan dermis layer on day 4 are
presented in Fig. 2. Fig. 2 shows that the intensity of inflammation was
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the highest in the control group when compared with the other groups.
Moreover, when comparing the groups which were given AV, wounds
treated with 10% AV showed a higher intensity of inflammation when
compared with the 30% and ILAV groups. The intensity of inflammation
was similar between the 30% and ILAV groups. Differences in the
intensity of polymorphonuclear neutrophils (PMNs) are shown in
Table 1. Inflammation was significantly less in the 30% and ILAV groups
when compared with the 10% and control groups (p=0.026, 30% vs.
10% group, p=0.029, 30% vs. control group, p=0.008, ILAV vs. control,
p=0.029, ILAV vs. 10% group). No significant differences were found
between the 10% group and the control group (p=0.788). The intensity
of fibroblasts in the 30% and ILAV groups was higher when compared
with the control and 10% group.

Histological findings of the epidermis dan dermis layer on day 8 as well
as the appearance of reepithelialization are presented in Fig. 3, which
showed that the intensity of inflammation in 10%, 30%, and ILAV was
less when compared with the control group (0% group). When the
inflammation among 10%, 30%, and ILAV was compared, the intensity
of inflammation was less in the 30% and ILAV compared with 10%

Day0  DayS Day9

Day 13

."')

7,

10 % Group
30 % Group

ILAV Group

Control Group

Fig. 1: Macroscopic findings of wounds treated with 10% gel (first
row), 30% (second row), inner leaf Aloe Vera (ILAV) (ILAV; third
row), and 0% group (fourth row) (bar = 1 cm)

Fig. 2: Hematoxylin and eosin staining in the 0% (control group),
10%, 30%, and inner leaf Aloe Vera groups (bar= 500 pm)
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Fig. 3: Wound reepithelialization in 0%, 10%, 30%, and inner leaf
Aloe Vera groups (bar = 500 pm)

Table 1: Intensity of inflammation

Groups PMNs on day 4 PMNs on Day 8
Aloe vera 10% 3.5 2.5%

Aloe vera 30% A 1.5%

ILAV 2%*t 1.5%t

Aloe vera 0% (control) 4 3.5

Values indicated median score. Rating scale: 0=absent, 1=occasional,
2=moderate, 3=abundant, 4=very abundant.* = P<0.05 (compared with control
group), 1p<0.05 (compared with 10% group). PMNs: Polymorphonuclear
neutrophils, ILAV: inner leaf Aloe Vera

group. The intensity of inflammation in 30% AV and ILAV was similar.
The difference of the intensity of PMNs is shown in Table 1. The intensity
of PMNs in 30% AV and ILAV was significantly less when compared with
the control and 10% group. Moreover, the intensity of the inflammation
in the 10% group was significantly less when compared to the control
group (p=0.03, 30% vs. 10% group, p=0.01, 30% vs. the control group;
p=0.03, ILAV vs. control, and p=0.08, ILAV vs. 10% group). On the day
8, the intensity of inflammation in the 10% group was significantly
less when compared with the control group (p=0.03). In addition, the
intensity of fibroblasts in the 30% group and the ILAV group was higher
compared with that of the control and the 10% group.

Fig. 3 shows that reepithelialization was advanced in gels containing AV
compared with the control group. The most advanced reepithelialization
was observed in the 30% group and ILAV groups.

DISCUSSION

To the best of our knowledge, this is the first study to investigate the
effect of AV on reducing inflammation on diabetic ulcers in a rat model.
Previous studies only focused on the effect of AV in the proliferation
phase in diabetic ulcers. Chitra et al. (1998) investigated the tissue
condition on day 3 (inflammation phase); however, their study only
assessed the effects of AV on granulation tissue [11]. In another study
by Daburkar et al. (2014), the effects of AV on diabetic wounds were
investigated; however, this study also focused on the formation of
collagen formation in the wound (proliferation phase) [12].

In general, wound healing of diabetic ulcers is delayed. The delayed
wound healing in diabetic ulcers is in part due to the prolonged
inflammation phase, delayed granulation tissue formation, and delayed
reepithelialization [16,17]. Therefore, to accelerate wound healing of
diabetic ulcers, topical therapy that can reduce inflammation, improve
granulation tissue, and accelerate reepithelialization is required.
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AV has shown beneficial effects in traditional medicinal practice and
cosmetic purposes [15]. In a previous study, it was revealed that
AV has pharmacological effect effects, including anti-inflammatory,
antiarthritis, antibacterial, antifungal, and hypoglycemic effects [15].
Moreover, the previous studies have shown that AV could be used to
treat hepatoxicity and sepsis [18]. Related with wound healing, AV has
been known to accelerate wound healing of acute wounds and burn
wounds [9].

In this study, the intensity of inflammation of groups treated with
AV correlated with the intensity of PMNs in the 10%, 30%, and ILAV
groups when compared with the group that did not contain AV. In
our study, groups treated with AV 10% and 30% showed a reduction
in inflammation, with better results occurring in the 30% group. The
ability of AV 30% to reduce inflammation may be due to the content
of anthraquinone in AV. In a previous study, it was shown that the
ethanol extract of AV still contained anthraquinone, which is known
to function as an anti-inflammation agent [19]. This compound may
mediate the beneficial effects of AV, such as reducing inflammation in
diabetic ulcers. Based on the study of inflammation of the peritoneal
cavity in normal rats, the mechanism of AV to reduce inflammation may
relate to the inhibitory activity of the arachidonic acid pathway through
cyclooxygenase inhibition, rather than a direct effect on lipooxygenase
activity [20]. Additional studies will be needed to confirm the
mechanism of reducing inflammation by AV in diabetic ulcers. In this
study, the level of inflammation on day 8 between AV 30 % and ILAV
groups is similar. Why AV 30 % and ILAV on day 8 demonstrated similar
results in reducinginflammation also needs to be futher elucidated. The
content of anthraquinone may be less when compared with ILAV, but
the level of inflammation in the 30% group was similar to those of rats
in ILAV groups.

In this study, we showed that reepithelialization was improved in gels
containing AV when compared with gels that did not contain AV. The
delay of reepithelialization in diabetic ulcers usually occurs due to the
increase of MMP-9. MMP-9 is an enzyme that can degrade collagen [20].
Previous in vitro studies revealed that AV reduced levels of MMP-9 [20].
The reduction of MMP-9 may be the mechanism involved. Further
studies are needed to elucidate the mechanism of action.

CONCLUSION

In this study, we evaluated the effect of AV on reducing inflammation
and improving reepithelialization of diabetic ulcers in a rat model. The
results indicated that wounds treated with 10%, 30%, and ILAV showed
reduced inflammation and improved reepithelialization of the wound
when compared to wounds treated with gels that did not contain AV.
The reduction in inflammation and improvement of reepithelialization
in the wound on the day 8 treated with 30% of AV showed similar
results when compared to wounds treated with ILAV.
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