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Abstract 
      Aloe vera L. (Liliaceae) in culture has been used for herbal medicine is also known as the 
healing plant. Wound healing property of Aloe vera on the skin has been proven. In contrast, the 
healing of oral mucosa is slightly different from the skin. Fibroblast in oral mucosa phenotypically 
resemble fetal fibroblast. 
      This study will analyze the effect of Aloe vera on the healing process of wound in oral mucosa 
of 24 male Wistar rat. Expression of transforming growth factor (TGF) β1 and inflammation effect 
was analyzed by immunohistochemistry (IHC) and hematoxylin-eosin (HE) staining. Purified (100% 
concentration) whole leaf extract of Aloe vera was topically applied twice daily, with dose 5 µg/g bw. 
Result: TGF β1 expression was significantly increased 20-30% at the third (P=0.041) and sixth day 
(P=0.015). There is no significant reduction of inflammatory cell either on the third (P=0.699) or 
sixth day (P=1.0).  
      This study shows that Aloe vera enhanced oral mucosa wound healing by TGF β1 marker. 
There is no significant reduction of inflammatory cell. 
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 Introduction 
 
 Tooth extraction is one of the treatments 
that may cause injury. To restore the integrity of 
damaged tissue, effective wound healing 
requires the supply of material and nutrient.1-3 
Medicinal plant usually contains material and 
nutrient necessary to accelerate the process of 
wound healing. Aloe vera L. (Liliaceae) in culture 
has been widely used as an herbal medicine, 
specially to wound healing. The whole leaf 
extract of Aloe vera contains various component, 
generally classified into saccharide (such as 
polysaccharide, monosaccharide and glycoside), 
quinone (such as anthraquinone), mineral, 
protein (such as bradykinase), lipid, and 
supplementary substance.4-6 The use of Aloe 

vera gel extract resulted in faster wound healing 
with rat and rabbit skin.1,7 This extract increased 
wound contraction and collagen synthesis, 
stimulated the macrophage and proliferation of 
fibroblast, and had an anti-inflammatory effect.8,9 

Study on skin wound healing in rat and 
rabbit reported that saccharide and anthraquinone 
are present in Aloe vera. Saccharide can 
accelerate the healing process involve skin 
contraction and collagen synthesis. It also show 
high expression of transforming growth factor 
(TGF) β1 gene.7,9 TGF β1 is multifunctional 
growth factor, that stimulates proliferation of 
fibroblast, differentiation of myofibroblast, and 
enhances the formation of extracellular matrix 
(ECM).7,10,11 Immediately after skin injury, TGF 
β1 will leave from skin wound by induce platelet 
degranulation. TGF β1 shows increased mitotic 
index in the study of human’s skin fibroblast cell9. 
Beside the saccharide, other important molecule 
in Aloe vera is anthraquinone. It have played an 
important role in inflammation by inhibiting the 
cyclooxygenase pathway and reduces 
prostaglandin E2 production.9,12 

In contrast, the healing of oral mucosa is 
slightly different from the skin. Fibroblast in oral 
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mucosa phenotypically resemble fetal fibroblast.13 
This study will analyze the effect of Aloe vera 
whole leaf extract on the healing process of oral 
mucosa wound, based on the expression of TGF 
β1 and its effect on inflammation.  
 

Materials and methods 
 
This study was approved by animal care 

and experimentation committee, Faculty of 
Medicine Maranatha Christian University–
Immanuel Hospital Bandung. An effort was made 
to minimalize the number of animal used in this 
study. The rats were housed at the Animal 
Facility of Pharmacology Therapy and Clinic 
Laboratory, Faculty of Medicine, Universitas 
Padjadjaran Bandung, with food and water ad 
libitum under controlled temperature (24±3 °C), 
12 h light dark cycle (light on 06.00 am until 
06.00 pm). Twenty-four male Wistar rats 
weighing 200-250 g by the age of 40-60 day 
were purchased from Faculty of Veterinary 
Medicine, Bogor Agricultural University. The rats 
were divided into four group (n = 6/group). Group 
one and two were given injuries without 
treatment of topical Aloe vera. Group three and 
four were given the injuries and Aloe vera topical 
treatment. All rat went under anesthesia with 
ketamine (10 mg/kg bw) intramuscularly and 
were cut along 3 mm on the mandibular labial 
gingiva. At the end of experimental period, three 
days for group one and tree, six days for group 
two and four, rat was terminated by anesthesia 
and cervical dislocation 

The proper plant material was obtained in 
wet season (January) from botanical garden 
Manoko Lembang, Balai Penelitian Tanaman 
Rempah dan Obat, Indonesian Agency for 
Agricultural Research and Development (IAARD), 
Ministry of Agriculture in Bandung, West Java, 
Indonesia. It was identified by Dr. Ir. Nurliani 
Bermawie (Senior researcher in IAARD). 
Voucher number of the plant is K0100097. Whole 
leaf extract was prepared14 at the Pharmaceutical 
Natural Products Laboratory, Faculty of 
Pharmacy, Universitas Padjadjaran, Bandung. 

This extract has effectiveness and safety 
even at high concentration used. LD50 for this 
extract was > 50 mg/kgbw.15 In this study purified 
(100% concentration) Aloe vera extract was 
topically applied twice daily with dose 5 µg/gbw. 
On the third day, immunohistochemically 
analyzed by specific antibody and hematoxylin-

eosin (HE) staining carried on group 1 and 3. 
Same procedure was also conducted at sixth day 
for group 2 and 4. 

Immunohistochemical (IHC) staining of 
the mucosal tissue section was performed using 
anti-TGF β1 with labeled streptavidin-biotin 
method (LSAB) that use the primary TGF β1 (R 
& D System, Minneapolis, MN, USA), with the 
instruction of the kit LSAB-HRP System. 
Unstained tissue section was dewaxed and 
rehydrated in xylene and graded ethanol. The 
optimal protocol for TGF-β1 immunohistochemis- 
try was determined by testing primary antibody 
dilution and staining condition, which was 
conducted at Anatomic Pathology Laboratory, 
Hasan Sadikin General Hospital Bandung. 

The staining for TGF-β1 on mucosa 
tissue was evaluated by pathologist who was 
blinded to the experimental data. The 
immunoexpressing level is determined by the 
distribution of cell that showed immunoreaction 
and immunohistochemically color intensity using 
a light microscope (Olympus CX21FS1, Tokyo, 
Japan) with a 400x magnification. The 
immunoreacting cell was described as rounded 
brown. Distribution of cell with positive 
immunoexpressing was counted semi-
quantitatively by scale 0 to 3;16 1 (focal) if <20% 
of immunoreacting cell; 2 (heterogeneous) if 20 - 
50% of immunoreacting cell; 3 (diffuse) if >50% 
immunoreacting cell. 

The intensity of immunohistochemical 
staining was assessed by scale 0 to 3;16 0 
(negative) if no brown granular staining; 1 (weak) 
very smooth, light brown granular staining; 2 
(moderate) medium brown granular staining; 3 
(strong) dark brown granular staining.  

Mucosa tissue section (4-5 μm) was 
deparaffinized and dehydrated using a graded 
series of ethanol solution and stained with 
hematoxylin-eosin as standard procedure in this 
condition. All section was observed and the 
pictures were photographed with a light microscope. 
The representative field within each section was 
randomly chosen and captured under a 100x 
magnification. The integrated optical density 
(IOD) in each image was measured with the 
same setting for all slides, and the density was 
calculated as IOD/total area of each image.  

HE staining used to examine the effect of 
Aloe vera on inflammatory reaction during mucosa 
wound healing. The percentage of inflammatory 
cell scaled 0 to 3;17 0 (negative) if no inflammatory 
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cell; 1 if <20% inflammatory cell; 2 if 20-50% 
inflammatory cell; 3 if >50% inflammatory cell. 

Statistical comparison was performed 
using T-test and Mann-Whitney. The p value of 
less than 0.05 (P<0.05) considered significant. 

 
Results 
 
Immunoexpressing level of TGF β1, from 

group (1 and 2) without Aloe vera show average 
weak intensity and distribution, either on the third 
or sixth day. While the group (3 and 4) with Aloe 
vera strong intensity and distribution observed 
(Figure 1). 
 

 (a) 

 (b) 

 (c) 

 (d) 
Figure 1. TGF β1 expression observed using 
light microscope with 400x magnification. (a) 
Immunoreacted cell distribution (arrow) < 20% (1: 
focal) represent the untreated group (not received 
topical application of extract Aloe vera). (b) 
Immunoreacted cell distribution (arrow) > 50% (3: 
diffuse) represent the treated group (received 
topical application of Aloe vera). (c) Weak 
intensity (category 1) of brown granular staining 
represent the untreated group. (d) Strong intensity 
(category 3) of brown granular staining represent 
the treated group. 

The intensity and distribution of TGF β1 
expression led significant increase 20-30% in the 
third (P=0.041) and sixth day (P=0.015). The 
comparison can be seen in the Table 1. 
 

 
 

Table 1. Intensity and Distribution of TGF β1 
Expression Immunoreacted Cell on the Third and 
Sixth Day. Note: Categorization of IHC staining 
intensity by scale 0 to 3; 0 (negative) if no brown 
granular staining; 1 (weak) very smooth, light 
brown granular staining; 2 (moderate) medium 
brown granular staining; 3 (strong) dark brown 
granular staining. Categorization of immunoreacted 
cell distribution by scale 0 to 3; 0 (negative) if no 
immunoreacted cell was found; 1 (focal) if < 20% 
of immunoreacted cell; 2 (heterogeneous) if 20-
50% of immunoreacted cell; 3 (diffuse) if > 50% 
immunoreacted cell. In this experiment, no group 
was categorized as 0 (negative). TGF β1 
expression led to significant (P<0.05) increase in 
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the value of P=0.041 on the third day and 
P=0.015 on the sixth day, which is confirmed by 
Mann-Whitney test. 

There is no significant decrease in number 
of inflammatory cell between both of group 
treated and untreated of Aloe vera as showed by 
Mann-Whitney test (P=0.699 for 3rd-day; P=1.0 
for 6th-day). The comparison can be seen in the 
Table 2. 

HE staining show the number of 
inflammatory cell in the mucosa labial wound 
healing process under light microscope. Semi 
quantitatively analyze was done based on the 
percentage of inflammatory cell and are present 
(Figure 2). 

 
Table 2. Percentage of Inflammatory Cell on the 
Third and Sixth Day Both Group of Treatment. 
 

 (a) 

 (b) 
 

Figure 2. HE Staining for The Number of 
Inflammatory Cell (Numerous Round-Shaped 

Cell) in the Mucosa Wound Healing Process 
Under Light Microscope With 100x Magnification. 
(a) Number of Inflammatory Cell (arrow) <20% 
(category 1). (b) Number of Inflammatory Cell 
(arrow) >50% (category 3). 
 
 Discussion 
 

 Aloe vera L. (Liliaceae), or its botanical 
name Aloe barbadensis Miller. This plant has 
thick leaves to survive on dry climate. The 
mucilaginous layer in the inner leaves is thought 
to be responsible for the majority of the plant’s 
therapeutic property. This layer gel contains 
approximately 72% saccharide (such as 
polysaccharide, monosaccharide and glycoside), 
16% mineral, 7% protein (such as bradykinase), 
4% lipid, and 1% supplementary substance. 
Above this, a bitter yellow sap, contains phenolic 
compound, like anthraquinone. The therapeutic 
property of Aloe vera has been described as 
wound healing, anti-inflammatory, radiation 
damage repair, antibacterial, antiviral, antifungal, 
antidiabetic, antineoplastic, hematopoietic 
stimulation, and antioxidant.4,6  

Wound healing property of Aloe vera on 
the skin has been proven by many researchers. 
Topical application of Aloe vera extract showed 
significant effect on rat and rabbit skin.4,7,9 The 
wound length reduced due to increase skin 
contraction at the wound point, collagen 
synthesis, and fibroblast proliferation.7,9 The 
polysaccharide is responsible for the majority of 
the biological activity of this plant.6,18 The 
polysaccharide consist of linear chain of glucose 
and mannose molecule, in which acemannan 
and glucomannan are the form that have the 
most important function.6 This molecule plays an 
important role in several phase of wound 
healing.5,18 The three phase of wound healing are 
thrombosis and inflammation, proliferation and 
formation of new tissue, and remodeling or 
maturation phase.9 

One of the most important immune cell 
involved in the inflammation until the last phase 
of wound healing is macrophage.19 It level start to 
increase during the phase of inflammation, with 
the peak during the formation of granulation 
tissue and decline in the maturation phase.  

Previous in vitro study reported that 
mannose molecule bind to mannose 
transmembrane receptor on the surface of 
macrophage and induce the intracellular 
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signaling pathway.7,18,19 This receptor contains N-
terminal cysteine-rich domain, fibronectin type II 
domain, multiple C-type lectin-like domains 
(CTLDs), and C-terminal cytoplasmic domain. 
The CTLDs recognize polysaccharide chain 
ending with mannose, fucose, or N-
acetylglucosamine.18 To confirm this interaction, 
future study required. 

Macrophage, platelet, injured cell, 
fibroblast, and other cell involved in the wound 
healing coordinate with each other through 
cellular signaling by the help of various type of 
growth factor. Growth factor is protein with heavy 
molecular weight, which secretes and start 
autocrine and paracrine signaling in various 
cellular process. Growth factor that has a 
substantial role is TGF β.7,9 The major source 
that secreted this growth factor was macrophage. 
TGF β has three isoform, TGF β1, β2, and β3.19 
Between these isoform, high expressions of TGF 
β1 is associated with scar less condition and 
enhance the wound contraction rate and ECM 
production in vivo. The expression level of TGF 
β1 reflect the distribution of leukocyte or/and 
macrophage. In this study, we observed an 
immunoreacted against anti-TGF β1 antibody 
(Figure 1a-b). TGF β1 play a role in chemotaxis, 
fibroblast proliferation, and collagen metabolism.9 
This molecule will interact with growth factor 
receptor on the fibroblast, thereby stimulating its 
activity and proliferation. The fibroblast is one of 
the cell that play an important role in proliferative 
phase of wound healing, and fibroblast needed to 
maintain skin integrity.13,18 

In the early phase, Aloe vera serve as 
dressing that keeps wound moist.6 It was 
reported that Aloe vera increase collagen 
synthesis, changes collagen composition, enhance 
tensile strength and cause collagen cross-linking 
on damaged tissue.4,20 The mechanism of Aloe 
vera increasing collagen synthesis still require 
further study, as well as the effect of Aloe vera on 
growth factor. 

Anthraquinone, phenolic compound of 
Aloe vera leaves, has strong anti-inflammatory 
effect.6 This effect is executed by inhibiting the 
cyclooxygenase pathway and reducing 
prostaglandin E2. Other molecule that have anti-
inflammatory is C-glycosyl chromone extract 
(glycoside) and the bradykinase (peptidase). 
Bradykinase is shown to break down the 
bradykinin, an inflammatory substance that 
induces pain.5 In this study, the anti-inflammatory 

effect of Aloe vera was observed by detecting the 
presence of inflammatory cell (Figure 2a-b). The 
percentage of inflammatory cell did not show a 
significant reduction (Table 3). This may be 
caused due the examination being held on the 
third and sixth day which is still in the 
inflammatory phase. The most prominent 
inflammatory cell within three to five days is 
macrophage. Reduction of macrophage during 
these phase will cause delay of wound healing in 
a mouse and rabbit model.1,7,19 More study still 
required to prove the anti-inflammatory effect of 
this plant, by increasing the treatment time and 
modification of research method. 
 
 Conclusions 
  
 Aloe vera enhanced oral mucosa wound 
healing, significantly increased of TGF β1 
expression and no significant reduction of 
inflammatory cell. 
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