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Abstract

ACKGROUND: Diabetic micro and macro-
B angiophathy lead to the incident of diabetic foot

ulcers characterized by an increased number
of circulating endothelial cells (CECs) and decreased
function of endothelial progenitor cells (EPCs). This fact
is cormrelated with ischemia and diabetic wound healing
failure. Aloe vera gel is known to be able to stimulate
vascular endothelial growth factor (VEGF) expression
and activity by enhancing nitric oxide (NO) production
as a result of nitric oxide synthase (NOS) enzyme activity.
Aloe vera is a potential target to enhancing angiogenesis
in wound healing.

OBJECTIVE: The objective of this study was to explore
the major role of Aloe vera gel in wound healing of
diabetic ulcers by increasing the level of EPCs, VEGF,
and endothelial nitric oxide synthase (eNOS), as well as
by reducing the level of CECs involved in angiogenesis
process of diabetic ulcers healing.

METHODS: The experimental groups was divided into
five subgroups consisting of non diabetic wistar rats,
diabetic rats without oral administration of aloe gel, and
treatment subgroup (diabetic rats) with 30, 60, and 120
mg/day of aloe gel doses for 14 days. All subgroups were
wounded and daily observation was done on the wounds
areas. Measurement of the number of EPCs (CD 34), and
CECs (CD45 and CD146) was done by flowcytometry,
followed by measurement of VEGF and eNOS expression
on dermal tissue by immunohistochemical method on day

0 and day 14 after treatment. The quantitative data were
analyzed by One-way ANOVA and Linear Regression, with
a confidence interval 5% and significance level (p<0.05)
using SPSS 16 PS software to compare the difference and
correlation between wound diameters, number of EPCs
and CECs as well as the levels of VEGF and eNOS.

RESULTS: The results of this study showed that aloe gel
oral treatment in diabetic wistar rats was able to accelerate
the wound healing process. It was shown by significant
reduction of wound diameter (0.27 + 0.02); the increased
number of EPCs (13.75 + 1.63); elevated levels of VEGF
(34,67 £5,03) and eNOS (42,00 + 1,00); and the decreased
number of CECs (0.42 = 0.57), respectively (p<0.05). On
the other hand, the wound diameter and eNOS indicators
showed significant differences at the dose of 60 mg, while
the number of EPCs and CECs and the level of VEGF
showed significantly different results at a dose of 120
mg. Aloe gel oral therapy showed a positive indication of
wound healing acceleration at the optimum dose range 60-

120 mg a day.

CONCLUSIONS: Aloe gel is potential to be a herbal
therapy candidate for diabetic wound healing through
enhancing EPCs homing,decreasing the CECs number,and
stimulating the increase of VEGF and eNOS levels hence
proving to be a dominant factor in the angiogenesis
process.
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Introduction

Diabetes mellitus (DM) is a metabolic disease that occurs
in almost all countries around the world. The incidence
of DM continues to experience significant increase. In
2003, diabetes affected 197 million people worldwide
and was expected to rise more than 50% in 2010. The
figure is predicted to be 333 million by 2025 or 6.3%
of the total world population. Some 77% is predicted to
occur in developing countries (1). According to WHO,
Indonesia has the fourth largest number of diabetics in
the world, from 5.6 million in 2000 to 14 million diabetic
patients in 2006. In 2025 Indonesia’s prevalence of DM is
predicted to be 6.5%. According to International Diabetes
Federation (IDF), the number of DM cases among people
20-79 years old in Indonesia is as many as 7 million cases.
Furthermore, in 2010 Indonesia has the ninth highest rate
of diabetic cases among 10 countries in the world and is
predicted to be the sixth in 2030 with 12 million of diabetic
cases (2).

Complications of DM
of macroangiopathy and microangiopathy disorders

lead to the emergence

and neuropathy, which further cause interference of
angiogenesis process, epithelialization, deposition of
collagen and some other essential processes in wound
healing stages. Failure of diabetic ulcers healing occurs
due to disruption of a number of processes in the stages
of wound healing. The process of inflammation, cell
proliferation, cell migration, vascular permeability and
angiogenesis are due to deficiency of growth factors and
proangiogenic cytokines, matrix deposition and tissue
remodeling (3.4).

Endothelial progenitor cells (EPCs) play an important
role in reendothelialization of blood vessel damage caused
by ischemia. EPCs potentially contribute to endothelial
repair by homing into the damaged endothelial and are
able to maintain endothelial integrity. EPCs dysfunction
is closely linked with the incidence of vascular ischemia
(5).

Decrease in the number and function of EPCs
is associated with the pathogenesis of early vascular
complications of diabetes of both type 1 and 2. Increased
oxidative stress (increased reactive oxygen species/ROS)
due to chronic hyperglycemia via activation of four
major pathways of diabetic complications also affects
the expression and phosphorylation of eNOS. eNOS is
known to be important for the survival, migration, and
angiogenesis of EPCs or endothelial cells. NO produced
by eNOS activity starts mobilizing EPCs from the bone
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marrow through nitrosylation and increased expression of
VEGF (6).

In normal individuals, the number of circulating
endothelial cells (CECS) is low. The number of CECs
will increase in case of endothelial cell injury, as in the
case of microbial infection that triggers diabetes mellitus/
DM. Although there is no real evidence that CEC with
endothelial damage is associated with elevated level of
CEC in blood flow, result of a previous study has found
that patients with type 1 diabetes have significantly
different number of circulating CECs as compared with
normal individuals (7).

Management of diabetic ulcers needs to be done in a
comprehensive manner through efforts to cope with the
comorbid disease and by reducing the load pressure (off
loading) in order to keep the wound moist (moist), treating
the infection, debridement, revascularization and elective
surgery as well as prophylactic, curative or emergency
measures. One of the herbal ingredients that has great
potential to cure diabetic wounds is Aloe vera.

Aloe vera is a plant that is easy to find and contains
bioactive ingredients. Aloe vera therapy has been known to
be applied in various diseases, especially in wound healing.
Aloe vera gel has the capacity as animmunomodulator and
a source of nutrients that likely increase the rate of wound
healing. Aloe gel is able to control the inflammatory phase
as well as provide nutrients supply to the wound so it can
immediately complete the process of wound healing.

Recent researches on the clinical use of Aloe gel have
shown that it has an immunomodulatory effect, can balance
blood glucose and minimize pain. Only in the group with
aloe gel treatment did it show an increase in arteriolar
diameter leading towards normal conditions. Wound areas
given aloe gel treatment showed better result as compared
with the negative control (8). Gel penetration into the
tissue network will reduce inflammation and increase
blood supply by inhibiting the synthesis of a potent
vasoconstrictor thromboxane A, (9). Previous studies
have also reported that aloe gel contains Acemannan, a
potential bioactive substance (10, 11).

Acemannan, as one of the substances in aloe
polysaccharide gel, at a dose of 20 mg/mL was able
to stimulate wound healing speed and was capable
of stimulating cellular proliferation, migration and
cytokine production. Acemannan has the capability to
stimulate oxygen consumption, increase angiogenesis
and increase synthesis of collagen in the wound area (12).
Oral administration of Acemannan accelerates wound
healing by inducing fibroblast proliferation and stimulate
expression of KGF-1 and VEGF. Acemannan has the
ability to stimulate hematopoiesis and antioxidant effects.
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Acemannan also is able to reduce inflammation through
the synthesis of prostaglandins and increased infiltration
bf leukocytes (10,11).

Based on some of the above facts, further research
is needed on the potential of the active ingredients of
Aloe vera as a candidate of therapeutic herbal healing of
diabetic wounds. This study was conducted to prove that
administration of Aloe gel herbal could accelerate wound
healing in diabetic animal models by increasing the
number of EPC and decreasing circulation level of CECs.

Methods

Animal Preparation

Rats used in this experiment were 2 month old male
wistar strains with body weight 150-200 g. Normal rats
(negative control) were wounded in the dermal area and
subsequently injected with pH 7.4 PBS. Next, the normal
rats group was treated with aloe gel orally 30, 60, and 120
mg per day, respectively. Experimental inducted diabetic
rats (positive control) were prepared by injecting them
intraperitoneally with Streptozotocin (STZ) 60-70 mg/
dL. These rats were considered to have diabetes if their
fasting blood glucose level reached 200-300 mg/dL after
3 days of STZ treatment. On day 14 of diabetes, wounds
were made on the dermal areas in each rats group, which
then were divided into five subgroups: positive control,
negative control, and peroral aloe gel treated groups with
therapeutic doses of 30, 60, and 120 mg/day for 14 days,
respectively.

The rats were anesthetized before being wounded, then
treated under a controlled condition during preservation in
the experiment cage. The next process was conditioned
surgery under sterile condition using ketamine anesthesia
(10 mg/kg body weight). The rats were anesthetized
intraperitoneally with 1 mL of ketamine hydrochloride
(10 mg/kg body weight) and their fur was shaved on both
sides. A wound area was made by making the outer lines on
the back of the rats with methylene blue using a marker or
ring-shaped pattern. Each wound diameter (@) was 2.5 cm
with adepth of 0.2 cm from the dermal surface made with
tweezers, scalpel number 15, and scissors with pointed
tips. The wounds’ diameter and sterility were maintained
by sewing on an antibiotic tool and compressed with a
gauze cover with 0.9% NaCl (13).
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Extraction and Purification of Aloe vera Gel

(Aloe vera Linn.)

Mature healthy leaves of Alee vera were collected from
Aloe vera farming in Malang, East Java. These leaves were
brushed and cleaned with nontoxic disinfectant (calcium
hypochlorate 98%), then rinsed with aquadest and dried
on their surface. Aloe vera leaves were cut and stored in
a suitable container perpendicularly to the bottom of the
container and let the exudate of the leaves flow out for
about 30-60 minutes. The bases of the leaves were then
cut into about 1 cm in size, peeled thoroughly to break the
outside part of the parenchyme cells. The leaf pulps (gel)
then were rinsed with flowing water several times, peeled
and chopped for further processing with a juicer. The
washing step was done to rinse out dirt and bacteria on the
aloe vera leaves surfaces. The obtained Aloe vera juice
was added with ethanol 96% with 1:4 ratio, in this case
50 mL of Aloe vera juice was added with 200 mL ethanol
96%. Aloe vera and ethanol mixture were stirred for 10
minutes in maximal temperature of 30°C. The mixture then
was left for 10 hours to let the precipitation process begin.
The obtained precipitation was separated using inhalator
filter, and the sediment dried with a vacuum dryer under a
temperature of 50°C (14).

Wound Healing Mesurement

The measurement of wound healing area was done by
drawing it on a transparent plastic sheet, described it onto
the graph paper by means of a carbon paper and assessed
after 14 days post treatment.

Flowcytometry Measurement of CEC and EPC
Peripheral blood samples were obtained using a syringe.
The blood was incubated with anti-CD146-FITC, then
flown and isolated with flowcytometry. Cells were
gathered and centrifuged at 2500 rpm, 4°C, for 5 minutes.
Cell sedimentation was washed twice with phosphate
buffer saline (PBS) then shaken slowly. Cell sedimentation
was incubated with anti-CD146-FITC and anti CD45-PE
(1:100) in 100 1 PBS for 30 minutes at room temperature.
Finally, the mixture was diluted until 1 mL and read by
flowcytometry (FACS Callibur, BD).
Immunohistochemistry Measurement of VEGF

and eNOS

After staining with immunohistochemical technique,
preparations of each treatment and repetition was
photographed with Olympus Brand photomicrosope
with 400x magnification. The percentages of cells that
expressed VEGF and eNOS protein in the rats dermal
tissue slice preparations from all treatment groups were
calculated from the photo results.
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showed that aloe gel significantly affected the healing of
Results diabetic wounds (p > 0.05) based on the diameter of the
wound, and also affected the number of EPC and CEC
as well as the levels of VEGF and eNOS. Aloe vera gel
The negative control group of non-diabetic wistar rats and peroral therapy for 14 days showed changes in significant
The negative control group of non-diabetic wistar rats and values (positive trends) of all indicators.

positive control of diabetic rats (glucose 200-300 mg/dL)

DM
+ aloe gel 120 mg
day-14

Non-DM and
DM day 0

Non-DM
day 14
(control-)

DM
day 14
(control+)

Figure 1. Results of the observation on the wound areas in Normal and DM rats treated with Aloe gel.

Description: The surfaces of wounds at day-0 was created with a diameter of 2.5 cm. Measurement of wound area at day-14 in the
administration of 60 mg 3roup (0.27 + 0.0213 showed narrowing of the wound area which was significantly different from those of the negative
control (1.10 £ 0.14) and positive control (1.19 £ 0.08 ),

According to Figure 1, after extensive wound measure- Based on statistic analysis by one-way Anova, it was
ments using millimeter papers, it showed that there was shown that wound area width demonstrated a differently
a significant difference in the average value of the total significant result (p = 0 ,000) according to the measurement
wound area in each treatment group. In the DM group rats results with graphic paper and computer analysis. The 60
with 30 and 120 mg treatment dose of Aloe gel showed mg/kg body weight-treated group (0.27 = 0.02) showed
significantly different results as compared to the control a significantly different result from the negative control
group on the average area of the same wound. While the (1.10 = 0.14) with a confidence level (p < 005). The
DM group that was treated with 60 mg aloe gel showed the average values of diversity are shown in Tablel .

most significant result as compared to the control group.

Table 1. The mean value of wound size
Measurements based on the results

Treatment Group n Mean £ SD

Negative control 3 1.10 £ 0.142
Positive control 3 1.19 + 0.08%
DM dose of 30 mg 3 0.32 £ 0.01%
DM dose of 60 mg 3 0.27 £ 0.02%
DM dose of 120 mg 3 0.41+0.02%

Description: the same notation indicates not s '%niﬁcantly different
while different notations indicate significantly different
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EPCs Measuring with Flowcytometric Method
According to EPCs measurements by flowcytometry, we
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found the average value comparison of the number of
EPCs in all treatment groups as shown in Figure 2.

Non-DM and Non-DM DM DM DM
DM day 0 day 14 day 14 + aloe gel 30 mg + aloe gel 60 mg
(control-) (control+) day-14 day-14
i ; ,_’-... i e ~ -{ - el v

Figure 2. Calculated number of EPCs marker, CD 34, using flowcytometry.

Based on the statistic evaluation with one-way Anova,
the number of EPCs showed different results but not
statistically significant. The 120 mg/kg body weight-
treated group (13,75 + 1.63) showed an obviously different

of diversity are shown in Table 2.

Table 2. The mean number of EPC based

measurement
Treatment n Mean £ SD
Negative control 3 16.68 + 0.59¢
Positive control 3 10.47 + 1.14%
DM Dose of 30 mg 3 10.64 + 9.34%
DM Dose of 60 mg 3 12.11 £ 1.16%
DM Dose of 120mg 3 13.75+ 1.63%

Description: the same notation indicates not significantly different
while different notations indicate significantly different.
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Calculation of VEGF expression and level by

immunohistochemistry

Based on the calculation results obtained by the method
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of comparative pictures by Immunohistochemistry,
the average values of VEGF expressions between the

treatment groups were found as shown in Figure 3.

Non-DM and Non-DM DM
DM day 0 day 14 day 14
{control-) (control+)

DM DM
+ aloe gel 30 mg + aloe gel 60 mg
day-14 day-14

Figure 3. Result of expression of VEGF using immunohistochemistry on rats.
Description: calculated expression of VEGF by immunohistochemistry showed the group with a target dose of 60 mg of epithelial cells in

stratum basale cells expressed more than other dose groups.

The photo results in Figure 3 show that the control group
(DM rats) has higher percentage of cells than the treatment
group which presents expression of VEGF. In the 60 mg
Aloe vera-treated group, the expression of VEGF was
significantly different from the control group. According
to Figure 3, it appears that the expression of VEGF was
increased in all Aloe vera-treated groups compared to

the positive controls. However, one-way ANOVA test
showed that expression of VEGF had no significantly
different results (p = 0.676) based on the measurements
by immunohistochemical method. Comparison of VEGF
expressions based on the average percentages of cells that
expressed VEGF between groups is shown in Table 3.

Table 3. The mean expression of VEGF using
immunohistochemical method

Treatment Group

Mean £ SD

Negative control
Positive control

DM Dose of 30 mg
DM Dose of 60 mg
DM Dose of 120 mg

W W W W w

24.67 + 2.007
25.33 £ 4.519
28.33 + 5.86%
34.67 £ 5.032
25.67 £4.73%

Description: the same notation indicates not significantly different

while different notations indicate significantly d

rent.
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Calculation of eNOS expression histochemical method, pictures of comparison of the
by immunohistochemistry average value of the expression of eNOS between the
Based on the calculation results obtained by immuno- treatment groups are shown in Figure 4.
Non-DM and Non-DM DM DM DM
DM day 0 day 14 day 14 + aloe gel 30 mg + aloe gel 60 mg
(control-) (control+) day-14 day-14

Figure 4. Result of expression of eNOS using immunohistochemical methods on rats wound.
Description : calculation by immunohistochemistry showed that the 60 mg-treated group had increased eNOS expression of epithelial cells
in stratum basale cells compared with the other dose groups.

One-way ANOVA analysis showed that expression eNOS increased in the two respective treatment groups of
of eNOS gave significant results (p = 0.000) based 30 mg, 60 mg, as evidenced by the values of percentage
on the immunohistochemical methods. The results that increased compared to the control cells. Comparison
by immunohistochemical staining (Figure 4) showed of eNOS expressions based on the average color intensity
differences in the percentages of cells that expressed of eNOS expression between groups is shown in Table
eNOS. Based on Figure 4, it appears that the expressionof 4.

Table 4. The mean expression of eNOS using
Immunohistochemical method

Treatment Group n

Negative control 3 2467 +1.73%
Positive control 3 30.67 + 1.08%
DM Dose of 30 mg 3 30.00 + 1.00%
DM Dose of 60 mg 3 34.33+2.08%
DM Dose of 120 mg 3 42.00 + 1.00%

Descr(ijl:ution: the same notation indicates not significantly different
while different notations indicate significantly different.
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To assess the relationships between several variables
in previous studies, we did a linear regression test and
obtained the results of path analysis as shown in Figure
3

Linear Regression based on the testresults to illustrate
the path analysis showed a strong mutual relationship in
the pathway wound healing mechanisms of DM associated
with the role of EPCs, CEC, VEGF, and eNOS that affected

0,119 (IHK)

0,017 (HK)

0,038 (IHK)
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the diameter of the wound as an indicator morphology of
the diabetic wound healing process. From the regression
testresults it appeared that there was a strong relationship
between VEGF on EPC numbers (R2 = 0.119), levels of
eNOS on wound diameter (R2 = 0.208), eNOS to total
CEC (R2 = 0.357), VEGF to the wound diameter (R2 =
0.038), and the EPC to the wound diameter (R2 = 0.079).

0,191 (IHK)

Figure 5. Path Analysis.

Discussion

The Corellation of Aloe Gel Administration

and Cutaneous Wound Diameter

The main results of the experiment of diabetic wistar rats
wounds that were treated with aloe gel orally showed
improvements in the wound diameter compared to the
control group. These results were evidenced by the
presence of VEGF, increased level of eNOS, increased
number of EPC, and reduced CEC level, which confirmed
the important role of herbal aloe gel in the angiogenesis

of diabetic wound healing. From previous experiments, it
was reported that anti-inflammatory effect and wound
healing stimulator from aloe gel were capable of providing
significant effect as Allowable Daily Intake (ADI) and
Upper Intake Level (UIL) in the range of 60-120 mg/kg
body weight, with the assumption that the administration
was done for | month (15,16).

Aloe gel administration to wounds of diabetic
wistar rats showed significant wound improvement
with  decrease of the wound diameter with aloe gel
administration with a dose range of 60-120 mg/kg body
weight as compared to the positive control group. This
acceleration of wound diameter change was probably
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due to polysaccharide-containing aloe gel substance
which accelerates fibroblast proliferation, hyaluronic acid
production, and hydroxypylene. These results indicate that
aloe gel polysaccharide has a central role in remodeling
extracellular matrix during wound healing period (17).
Micronutrient therapy and Aloe vera topically can enhance
tissue regeneration process. The mannose-6-phosphate
content in Aloe vera is considered to be able to bind to
fibroblast receptor and activate cell proliferation (18).

The other effect of aloe gel administration was to
enhance wound diameter reduction through stimulating
wound healing capability as compared to the positive
control group. Moreover, aloe gel stimulated immune
system by increasing neutrophils, macrophage, and fibro-
blast cells quantity in the wound cleft. This is parallel to
the results of previous experiments in which 30 g of aloe
gel administered twice a day was able to enhance wound
healing progression in normal rats (19). Wound diameter
reduction was also observed in wounds treated with aloe
gel among experimental rats possibly through increasing
collagen and glycosaminoglycan synthesis (20).

Aloe vera is effective in accelerating wound
contraction either with oral administration or topical
application. Wound contraction is a crucial factor in
healing process resulted from wound healing shift to the
middle. Other experiment reports that orally administered
Aloe vera accelerates wound healing in acute radiation
exposed rats models.

The number of EPCs and CECs underwent such
a significant change in the 120 mg/kg body weight per
day-aloe gel treated group. This result showed that oral
therapy of aloe gel was highly potent in accelerating
wound healing through promoting EPCs mobilization,
its lifetime in peripheral circulation in diabetic condition,
and also neovascularization by stabilizing the role of EPC
in cutaneous wound vascular area of the diabetic rats. On
the other hand, it enhanced EPCs number accompanied
by cellular marker of another vascular dysfunction,
CECs. In this experiment, 60-120 mg/kg body weight of
treatment with aloe gel proved to be capable of reducing
the number of CECs in diabetic rats significantly. Wound
healing acceleration in this experiment was also supported
by the significant increase of EPCs number in the 120
mg/kg BW-treated group and obviously reduced CEC
number in circulation in the 60 mg/kb BW-treated group.
Neovascularization failure in diabetic wound makes it
possible for increasing eNOS phosphorylation in the bone
marrow after aloe gel treatment.

Generally in the case of diabetic healing failure, the
failure may be due to reduction of granule tissue and
increase of apoptosis due to circulating EPCs level. In
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diabetic rats, circulated EPCs did not change until 4 weeks
after experimental diabetes or skin wound was carried out.
After 4 weeks, it was observed that there was a significant
reduction in the EPCs number in the diabetic rats which
was shown by the increase of apoptosis and reduction of
proliferation on the wound areas in the diabetic rats. It was
concluded it was closely related to the damage inrecruiting,
lifetime, and bone marrow-derived progenitor cells. Aloe
gel treatment is expected to be capable of restoring EPC
homing and progenitor cells lifetime in order to increase
wound healing in diabetic tissue. On the other hand, it is
mentioned that progenitor cells dysfunction in diabetic
individuals influence vasculogenesis process (adhesion,
proliferation, migration, and tube formation failure) (21)

Results of the most recent experiments indicate a
possibility that in diabetic animals or humans, wound
healing failure is extremely related to the failure of
migration in several vasculogenetic progenitors in the
circulation (22). However, in this experiment Aloe gel
treatment to diabetic rats was capable of keeping EPCs
capability to migrate and accelerate wound healing as
shown by acceleration of wound diameter narrowing.
It is true that until today, whether the decrease of these
vasculogenic progenitor cells which also decrease in type
1 diabetic rats models is involved in the pathogenesis of
wound healing failure, remains to be poorly understood.
However,resultofthe present study proves that in wounded
type | diabetic rats models, significantly increased EPCs
number has occurred as compared to the group given oral
therapy with aloe gel in a range of dose of 60-120 mg/kg
BW.

On the other hand, it is known that type II diabetes
animal models have significantly decreased progenitor
cells during homeostasis process after cutaneous ischemia
takes place or wound is formed (22). Generally, as shown
in this experiment, there was a correlation between
increased level or number of stem cells (vasculogenic
progenitor) and the significant improvement of wound
reepithelialization in diabetic animal models. EPCs
number and function change occurs in DM and wound
healing (23).

Previous studies stated that oxidative stress resulted
from high glucose exposure in circulation would trigger
EPCs dysfunction (24). The studies assumed that DM
induced EPCs destruction during its route when migrating
from bone marrow. A speculation also arised that increased
number of EPCs released from the bone marrow to the
circulation that occurs in diabetic individuals is caused
by high number of dead EPCs along its vascular route.
Diabetic EPCs also show failure of integrative ability in
neovascularization in ischemic organ which undergoes
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decline of reendothelialization function after vascular
damage has occurred. Oral administration of aloe gel has
proved that it has a capability of increasing the number
of circulating EPCs through maintaining these surviving
progenitor cells in the vasculars in the wound areas to
begin neovascularization. Aloe gel therapy also stimulates
repair and re-endothelialization in the wound area.

In diabetic wistar rats wounds, EPCs level increased
on the 14" day after aloe gel administration as compared to
the control group, by expressing CD34 antigen marker as
shown with floweytometry. Clinically, EPCs is capable of
improving disease condition, which commonly begins with
endothelial cells damage, either anatomically, structurally
or functionally, through neovascularization mechanism.
Results of previous experiments have confirmed that
in the bone marrow and peripheral blood flow there are
cells that are able to multiply and differentiate to become
endothelial cells that can improve ischemic tissue caused
by damaged blood vessel wall.

Aloe gel therapy is predicted to be able to accelerate
endothelial cells line to stick to the basal membrane. The
loss of blood flow cells is very low with a consequence
that they will be destructed by the reticuloendothelial
system. Aloe gel can suppress pathophysiologic process
in diabetic rats which causes release of endothelial cells to
the basal membrane and this will result in increased CECs
number in blood flow.

In diabetic wistar rats, the level of CECs declined
on 14" day after aloe gel administration as compared to
the EPCs control by CD45 and CD146 antigen marker
expression. On the other hand, in normal individuals the
number of CECs is low. The number of CECs will increase
if there is endothelial cell injury. Previous experiments
have found that in DM patients as compared to normal
ones, there was such a significant difference in the number
of circulating CECs (7). Furthermore, it is understood
that there was increased VEGF level in the 120 kg/mg
BW-treated group, followed by increased eNOS level in
the 60-120 mg/kg BW-—treated group compared to the
control by ELISA examination. These data indicate that
oral administration of aloe gel on diabetic animal models
might be able to enhance wound healing by increasing
the levels of EPCs and VEGF and by activating NO
synthesis enzyme which became the downstream signal
of angiogenesis molecular pathway.

Aloe vera treatment showed positive effect to
wound healing after 7"-14" day from the beginning
of the wound (25). Aloe gel is suspected to stimulate
NO production,
enhance synthesis, cross linking and collagen maturation,
stimulate cell proliferation, stimulate fibroblast function

phagocytosis activity and induce
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and proliferation, inhibit arachidonic acid oxidation,
possess anti-inflammatory effect, reduce TNF-a level and
antioxidant activity (26). Besides, oral aloe gel therapy
which contains [-Sitosterol also enhances angiogenesis
related protein expression, which is VEGF (27).

Aloe gel treatment in our present study was capable
of accelerating NO production, so it would accelerate
eNOS enzyme in endothelial as well as VEGF activity
to enhance diabetic wound healing angiogenesis. Aloe
gel stimulates eNOS dominant role and NO production
in the endothelial by means of two processes, namely
angiogenesis (new blood vessel development from the
already existing blood vessel) and vasculogenesis (de
nove blood vessel formation from progenitor cells) (28).
Moreover, this experiment showed positive effect where
oral aloe gel therapy may have increased eNOS level.
eNOS is the central factor for EPCs mobilization either in
human or diabetic animal model. Aloe gel is predicted to
be able to suppress some molecules involved in inhibition
of eNOS activity. It is in accordance with a previous
experiment where increase of dimethyl-arginine as NOS
endogen inhibitor in DM case became supporting factor
in EPCs function failure in diabetic individuals. Protein
glycoloxidation is suspected to cause decline of EPCs
capability. Diabetic EPCs also release some unidentified
factor which accelerates vascular endothelial cell ageing
(24). That is why this aloe gel therapy is expected to be an
effort for damaged vascular improvement by mobilizing
EPCs for re-stabilizing the damaged vascular function
caused by DM complication.

The fact that aloe gel can increase VEGF level in
wound area gives good effect to acceleration of diabetic
wound healing where reduction of VEGF production and
angiogenesis process contribute to tissue improvement
in diabetic patients. VEGF expression is strongly
induced by hypoxic condition through transcription
factor hypoxia inducible factor-1. In diabetic rats, VEGF
topical application performs acceleration of skin wound
improvement as well as mobilization and recruiting
vascular progenitor cells (3). With the stimulation effect
to VEGF activity, aloe gel is predicted to be able to
accelerate wound healing by increasing growth factor
local regulation., which is important for tissue repair and
will systematically mobilize precursor cells from the bone
marrow, especially progenitor cells that contribute to blood
vessel formation that will accelerate wound repair (29).

The other factor is aloe gel can probably regulate
proteolysis effect which isreported to begin VEGF activity
reduction in diabetic wound (30, 31). Aloe gel performs
stimulation effect to wound healing involving cells, such
as keratinocyte and macrophage, which play an important

213



The Indonesian Biomedical Journal, Vol.3, No.3, December 2011, p.204-15

role in this growth factor during normal wound healing
(32) through accelerating VEGF as growth factor with
proangiogenic effect by increasing cellular proliferation
(33,34)

Other thing to be considered is the possibility that
in this experiment aloe gel might be able to promote
angiogenesis by increasing the PI3K/Akt, MAPK,
ERK, and eNOS/NO signal pathway. PI3K/Akt
pathway activation stimulates eNOS activation through
phosphorylation in serine 1177 that causes stimulation
of NO production. Aloe gel might also be able to cause
decline of PI3K/Akt pathway inhibition or eNOS activity
that will inhibit growth factor activity and angiogenesis
mediating cytokine. Aloe gel can accelerate wound healing
process with probability of promoting PI3K/Akt/eNOS
signaling pathway activation which play a crucial role in
angiogenesis. The pathway of ERK1/2 has an important
role in growth mechanism, differentiation, cell survival,
and death during vascular protection process as well as
angiogenesis in wound healing. It is parallel to the result
of previous experiments where Korean red ginseng extract
exposure under HUVECs culture can activate Akt, ERK
and eNOS pathways as well as increasing NO production,
an angiogenesis-related process (35). Other probability is
aloe gel posseses a potential to regulate cytosolic calcium
level. Even though eNOS activity can be accelerated
by VEGF that will accelerate Akt and PKC pathway
activation, the main stimulus for NO production will be
enhanced if it is induced by increased cytosolic caleium
level (36, 37). Therefore, there is a strong prediction that
aloe gel has angiogenic effect mediated by NO as the resut
of eNOS induction in vascular cell (38).

If aloe gel can stabilize VEGF activity, then in the other
part expression and phosphorylation of eNOS mentioned
are important for survival, migration, and angiogenesis of
EPCs or endothelial cells will be stable. The NO resulted
from eNOS activity begins EPCs mobilization from the
bone marrow through upregulation of nitrosylation and

VEGF expression (6)

Conclusion

The conclusions of this experiment include the fact that
aloe gel oral therapy (optimal dose range 60-120 mg/kg
BW a day) correlates with the wound healing in diabetic
wistarrats, as evidenced by the presence of wound diameter
improvement in positive control and treatment group as
compared to the negative control. Furthermore, aloe gel
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has a potential capability of being a candidate of diabetic
wound healing herbal therapy through acceleration of
EPCs homing, reducing CECs number, accelerating VEGF
and eNOS pathways, and increasing neovascularization
process in the diabetic dermal area wound healing.
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