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ABSTRACT

Corneal stromal wound healing is slower than other connective tissues, which is thought to be partly controlled by various matrix

metalloproteinases. Transforming Growth Factors — Beta 1 (TGF-f31) appears in the three main phases of the wound healing process as
a mediator and plays a role in the final matrix formation phase. Aloe vera has a glucomannan component, which can accelerate the

production of TGF-f. This study aimed to compare the expression of TGF-f3 in corneal lamellar lacerations in mice treated with and
without Aloe vera gel therapy. This was an experimental study using a mice model treated with a corneal laceration wound. The sample

size obtained was 20 samples, which were grouped into four types of treatment. TGF-1 immunohistochemistry expression on the first
day in the strong positive category showed 10% without gel and 50% with gel. In contrast, the same category on the third day showed
10% without gel and 90% with gel. There were two significant differences upon these two days (p = 0.013, p = 0.003). Apart from the
two groups treated with Aloe vera gel, the results were then compared between the first and third days (p = 0.141) and determined the
expression of TGF-B1 on wound healing time. Assessment of TGF-f1 expression in the healing process of laceration in mice subjected
to Aloe vera gel showed higher results.
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and differentiation is mediated via autocrine and paracrine, and

Introduction ) . o .
are assisted by several mediators shown to significantly improve
epithelial wound healing. There are three phases in the epithelial

The Cornea is the main component of eye refraction that is wound healing process; the latent phase of the first 4-6 hours,

avascular and transparent. Corneal disorders can interfere with cell migration and adhesion 24-36 hours, cell proliferation phase

an optical performance and reduce productivity. Eye injuries are starting from 36 hours onwards [5]. Wound healing is influenced

generally divided into open and closed globe injuries. Closed by many factors including wound size, depth, causative agent,

wounds, such as corneal lamellar lacerations are caused by sharp and tear quality. Various peptide growth factors appear to play

objects. Corneal lacerations management is crucial because the an essential role in the regulation of normal corncal wound

healing [6].

result may affect vision post-wound-healing. Corneal wound

management is to maintain the condition of the cornea and avoid . . . .
g Transforming growth factor-beta (TGF-f5) is a multifunctional

possible complications from the injury [1-4].
Corneal wound healing is a complex process involving all cellular
layers and mediators to assist each other's processes. Each layer

responds differently. Signaling the process of cell proliferation
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cytokine that modulates proliferation, growth differentiation,
adhesion, and cell survival [7]. Its growth factor also plays a role
in extracellular matrix protein production. TGF-f is a secretion
protein consisting of three isoforms, namely TGF-B1, TGF-2,
and TGF-B3. TGF-B1 is the main member of this group whose
role is widely known. Furthermore, it plays a role in the
inhibition and stimulation of cell proliferation, controls the
synthesis and degradation of the extracellular matrix, and

mediates cells and tissues’ response to injury. TGF-B1 appears in
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three main phases of the wound healing process as a mediator and
plays a role in the final phase of matrix formation [8].

Herbal medicine in the wound healing process is one of the
examples of alternative medicine. Indonesia, recognized as a
tropical country, is very abundant in its biodiversity [9]. Many
different plants live and grow in tropical countries, such as Aloe
vera. The plants can also be obtained at affordable prices as a
treatment option. Aloe vera has many active components that are
needed for the wound healing process; it has anti-inflammatory,
antiseptic and antibiotic properties [10]. Wozniak in his research
stated that epithelial wound healing is better when using Aloe vera
gel because there are no toxic effects [11, 12].

In the process of wound healing, Aloe vera is known to stimulate
growth factors, increase fibroblast function, and the formation of
new blood vessels so that it can accelerate wound healing and
closure [12-14]. The healing process for corneal wounds starts
from the first 6 hours and lasts for about 72 hours after trauma
[15, 16]. This study aimed to determine the role of Aloe vera gel
on TGF-1 in mice corneal lacerations treated with and without

Aloe vera gel therapy.

Materials and Methods

Animal mode/

This study was an experimental animal study using mice treated
with a corneal laceration. The ethical clearance was obtained
from the Research Ethics Committee, Universitas Padjadjaran
with the ethical number 740/UN6.KEP/EC/2020. Corneal
laceration trauma was performed using marked blades to injure
the central area of the mouse cornea. The sample size was
determined using Mead's Resource Equation Method, and 20

samples were obtained by grouping 4 types of treatments (5 mice

per group). The first and third groups were treated with
ofloxacin antibiotics and artificial tears. The second and fourth
groups were given ofloxacin antibiotics and Aloe vera gel. The first
and third groups were enucleated after one day of treatment, and
the second and fourth groups were done after three days of
treatment. Observations were made on the model of animal eye
tissue using Immunohistochemistry staining to determine TGF-

B1 expression.

Analysis  of  TGF-S1

Immunohistochemistry

The sample of this research was tissue enucleated from mice

expression by

eyes. The tissue was preserved with formaldehyde and made into
paraffin  blocks. Paraffin-embedded parts were performed
immunohistochemistry procedures for anti-TGF-B1 antibody
according to procedures in previous studies [17]. The scores of
distribution and intensity of immunohistochemistry are divided
into 4 categories, which are negative, weakly positive,
moderately positive, and strongly positive with scales of 1 to 4,

respectively.

Statistical analysis

Differences in semi-quantitative histopathological assessments of
groups with and without Aloe vera gel treatment were analyzed
by differentiation test between two independent samples using
Chi-square and Mann Whitney tests. The analysis was performed
using the statistical program SPSS Windows Release version
26.0.

Results and Discussion

Table 1. Comparison of TGF-B1 expression in groups with and without Aloe vera therapy on the first day

TGF-f1 IHC Score

P-value
Weakly Positive Moderately Positive Strongly Positive
4 5 1 0.013
Group 1 - Day 1 (Ofloxacin + Artificial tears)
40.0% 50.0% 10.0%
Treatment 0 c s
Group 2 - Day 1 (Ofloxacin + Aloe vera Gel)
0.0% 50.0% 50.0%
Immunohistochemistry results of TGF-B1 expression in groups
with and without Aloe vera gel for day one and day three can be
seen in Tables 1 and 2 below.
Table 2. Comparison of TGF-B1 expression in groups with and without Aloe vera therapy on the third day
TGF-B1 IHC Score
P-value
Weakly Positive Moderately Positive Strongly Positive
1 8 1 0.003
. o+ Artifici
Group 3 - Day 3 (Ofloxacin + Artificial tears) 10.0% 80.0% 10.0%
Treatment 0 ) 9
v _— .
Group 4 - Day 3 (Ofloxacin + Aloe vera Gel) 0.0% 10.0% 90.0%

Table 1 shows the results of statistical analysis using the Mann
Whitney alternative Chi-Square. There was a difference in the
expression of TGF-B1 between the Aloe vera gel treatment and
without the Aloe vera gel treatment groups on the first day (Table

1).

The expression result of TGF-B1 in the group without Aloe vera
gel showed 10% strongly positive, 50% moderately positive, and
40% weakly positive values. In contrast, the TGF-B1 expression
in the Aloe vera gel treatment group showed results with 50%

strongly positive and 50% moderately positive values. There
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were statistically significant differences between the two
treatment groups with a P-value <0.05.

Assessment of the results for day three in the group without Aloe
vera gel showed positive results, with 10% strongly positive, 80%
moderately positive, and 10% weakly positive values.

Meanwhile, the Aloe vera gel group showed a different

proportion, with 90% strongly positive and 10% moderately
positive values. The results of the statistical analysis using the
Kolmogorov Smirnov alternative Chi-Square test showed a significant
difference in the TGF-B1 expression on the third day with P-value
<0.05.

Table 3. Comparison of TGF-B1 expression in groups without Aloe vera therapy on different days

TGEF-B1 IHC Score P Value

Weak Positive Moderate Positive Strong Positive
4 5 1 0.759
Group 1 - Day 1 (Ofloxacin + Artificial tears)
40.0% 50.0% 10.0%
Treatment 1 8 1
Group 3 - Day 3 (Ofloxacin + Artificial tears)
10.0% 80.0% 10.0%
Table 4. Comparison of TGF-B1 expression in groups with Aloe vera therapy on different days
TGF-f1 IHC Score P Value
Weakly Positive Moderately Positive Strongly Positive
. 0 5 5 0.141
Group 2 - Day 1 (Ofloxacin + Aloe vera Gel)
0.0% 50.0% 50.0%
Treatment 0 1 9
Group 4 - Day 3 (Ofloxacin + Aloe vera Gel)
0.0% 10.0% 90.0%

Furthermore, the immunohistochemistry results of the TGF-f31
expression in the same treatment group, when being compared
to different days, can be seen in Tables 3 and 4. The healing
process is time-dependent. Therefore, it showed no significant
differences between the two treatment groups without Aloe vera
gel on different days with a value of p=0.759. We also showed
that the TGF-B1 expression results were not significant using the
alternative Chi-Square test Fisher's Exact test with P-value=0.141
(Table 4). This assessment aimed to determine the relationship
between TGF-B1 expression with time during the process of

corneal wound healing.

This study’s hypothesis is to find out that there are differences in
the expression of TGF-B1 for the group with and without Aloe
vera gel treatment. The assessment result of TGF-f1 expression
in the group with Aloe vera gel therapy was compared with the
group without Aloe vera gel therapy on the first and third days
using the Chi-Square test alternative to the Kolmogorov Smirnov
test, and the Mann-Whitney test gave significant results with (p
<0.05), (Tables 1 and 2). Meanwhile, groups with the same
treatment on different days showed insignificant results (p

>0.05) (Tables 3 and 4).

c)
Figure 1. Immunohistochemistry observation for TGF-B1 expression
The mice were sacrificed and stain with an anti-TGF-B1 antibody with IHC methods. The mice were divided into 4 groups
with different treatments. Some groups were treated with ofloxacin with artificial eye teardrops and sacrificed on the first
day (a) and third day (c). Other groups were treated with ofloxacin with Aloe vera on the first day (b) and third day (d).
The figure shows anterior corneal epithelium (red star) and the TGF-B1 expression (black arrows). Yellow bar, 50 um.

d)
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The expression of TGF-B1 in corneal tissue reflects its complex
role in maintaining corneal integrity and promoting corneal
wound healing. In the process of wound healing of the epithelial
layer that occurs 24 hours after trauma, one of the end
polysaccharide chain containing mannose in glucomannan binds
to the mannose-6-phosphate (M-6-P) receptor, and transforming
growth factor (TGF-) stimulates keratocytes to produce collagen
and proteoglycan fibers, thus accelerating the wound healing
process [18]. Atiba et al. reported a better epithelialization
process with Aloe vera’s administration compared to physiological
solutions in diabetic rats treated with basic trauma. The study
reported an increase in the expression of TGF, which accelerated
the healing of skin wounds and increased epithelialization by
administering Aloe vera [13, 18, 19]. Several in vitro studies have
shown that Aloe vera components such as mannose stimulate
macrophages by binding to surface mannose receptors [19, 20].
Carbohydrate components such as polysaccharides, mannose,
and acemannan will activate macrophages in the wound binding
to mannose receptors, a possible explanation for the accelerated
production of TGF-B1 [18, 21]. Immunohistochemistry results
showed immunoreactive against anti-TGF-B1 antibodies so that
the streak was clear.

The cytokine TGF B1 increases the mitosis of fibroblast cells in
epithelial cells, thereby increasing the formation of angiogenesis
through the expression of Vascular Endothelial Growth Factor
(VEGF). The formation of new blood vessels will further assist
the migration process of keratinocytes, fibroblasts, and
endothelial cells in the lesions, thereby accelerating tissue repair
and epithelialization. In addition, binding to growth factors
stabilizes the activity of these factors and protects against heat and
enzyme degradation [22, 23].

The role of (TGF-) is needed in wound healing, to be precise,
when the inflammatory phase goes to the proliferation phase in
the wounds. Previous studies have shown TGF-B1 expression is
detectable 24 hours after injury. TGF-B1 increases rapidly after
injury and reaches its peak level 72 hours after the injury towards
mice skin. The TGF-B1 activity in corneal wounds showed
slightly different results in the TGF-B1 expression in the skin or
injured tissue. There is an increase post-injury and it reaches its
peak level 48-72 hours after injury, after which it tends to be
constant or even gradually decreases [24, 25]. Previous studies
have suggested that TGF-f1 signalling is lost in chronic wounds
and caused them to not heal [26]. The Corneal stem cell therapy
study mediated by Transforming Growth Factor have shown that
there is no significant change in the expression of TGE-$1 hCSSC
(human Corneal Stromal Stem Cell) in macrophage polarization
(MO, M1, or M2) conditions [27]. This result is in accordance
with the theory that all injured corneas heal within 72 hours,
which means there is no significant difference compared to giving

therapy on different days, even with Aloe vera gel.

Conclusion

The assessment of TGF-B1 expression in the healing process of
lamellar laceration in mice treated with Aloe vera gel showed

higher results than without Aloe vera gel treatment.
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