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ABSTRACT

Introduction: The ulcer wound healing process is controlled by several growth factors, including  
FGF and VEGF. Quercetin, the major flavonoid in lime peel has an anti-inflammatory that stimulates  
macrophages to produce cytokines which can accelerate the wound healing process. Transfersome gel  
is one of the nano-drug delivery systems, it is biocompatible, and could deliver drugs through the small  
gap between cells. This study aimed to determine the effect of nanotransfersomes gel of lime peel extract  
on the expression of FGF and VEGF by macrophage in wound healing ulcers. Methods: Thirty-two Wistar  
rats were induced by heat in the lower labials, divided into four groups with 2-time series: the untreated  
group, the group with lime peel extract gel, nanotransfersome gel with lime peel extract, and  
aloe vera-based herbal gel. The ulcer area in the treatment was applied twice a day until the third  
and seventh day. Identification of macrophages expressing FGF and VEGF using immunohistochemical  
staining. Results: The results of the data analysis with One Way ANOVA showed a significant difference  
in the amount of FGF and VEGF expression in each group (p<0.05) with a significant and very strong  
correlation and the highest average was on the third day and the lowest on the seventh day in the  
nanotransfersome gel group lime peel extract. Conclusion: The study concludes that there is an effect  
of nanotransfersome gel of lime peel extract on increasing FGF and VEGF expressed by macrophages  
on the healing of labial mucosal wounds of Wistar rats.
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INTRODUCTION

Oral ulceration is common in adults causing pain  
and discomfort to the patient.[1] An Ulcer is a  
pathological condition in which epithelial tissue 
disappears due to the exfoliation of necrotic tissue 
that has extended to the underlying lamina propria. 
One of the causes of ulcers is trauma, which is called 
a traumatic ulcer. Oral mucosal injury is caused by 
physical, chemical, or thermal trauma. Typically, 
the traumatic ulcer is a single, oval, sunken ulcer 
with a yellow-gray or gray-white center with an  
erythematous border with irregular edges. [2,3]  
Wound healing in ulcers can take a long time due  
to the influence of salivary conditions and  

microorganisms that cause a secondary infection. 
Therapy of oral mucosal wounds such as traumatic 
ulcers is given with anti-inflammatory and antiseptic 
drugs, even though this treatment has not been 
able to stimulate growth factors to accelerate the 
healing process. Growth factors are proteins released  
by immune cells to initiate oral wound healing. [4]

The wound healing process is a complex process 
that is divided into several interrelated phases, 
including coagulation, inflammation, epithelialization,  
formation of granulation tissue, and tissue remodeling. 
Prolonged inflammation can lead to longer wound 
healing. [5] The wound healing process is controlled  
by several growth factors and cytokines released at 
the wound site. Several growth factors expressed by 
macrophages play an important role in proliferation, 
angiogenesis, and extracellular matrix synthesis. 
Macrophages show two phenotypes, namely M1 
macrophages which are activated in the inflammatory 
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stage of wound healing, and mainly secrete 
proinflammatory factors (TNFα, IL-6, IL-1β, etc)  
and M2 macrophages are anti-inflammatory  
macrophages that secrete anti-inflammatory cytokines 
(IL-4, IL10, IL-12, etc.), growth factor (IGF-1, VEGF, 
TGF, FGF, etc.). Polarization from macrophage M1  
to M2 phenotype is required in the wound healing 
process.[6-8] FGF’s mitogenic and angiogenic  
properties can induce tissue remodeling, wound 
healing, and neovascularization. The role of VEGF  
in the wound healing process by stimulating the 
formation of granulation tissue, re-epithelialization,  
and angiogenesis by stimulating endothelial 
cells to proliferate and form new blood vessels 
(neovascularization). [7,8]
 
Lime (Citrus aurantifolia Swingle) is one of the toga  
plants used in the community, both for cooking  
spices and medicine from the juice of the lime juice. 
For medicine, lime is used as an appetite enhancer, 
fever reducer (antipyretic), diarrhea, slimming, anti-
inflammatory, and antibacterial. The phytochemical 
constituents of C. aurantifolia Swingle extract of  
peel and leaves identified bioactive compounds 
including flavonoids, limonoids, coumarins, and 
phytosterols. In particular, flavonoids identified in 
C. aurantifolia extract (rutin, apigenin, quercetin, 
kaempferol, nobiletin, tangeretin, and hesperidin) are 
known for their antioxidant and anti-inflammatory 
properties. [9,10] As an anti-inflammatory, flavonoids 
can later stimulate macrophages to produce growth 
factors in the inflammatory and proliferative phase  
of the wound healing process. Quercetin, one of 
the flavonoid compounds, is known to improve the  
wound healing process by increasing fibroblast 
proliferation while reducing fibrosis and scar  
formation. Quercetin induces macrophage phenotype 
polarization from M1 to M2 in spinal cord injury in 
mice. [11,12]

Transfersome is a lipid vesicle that has the best 
deformability among other nanovesicles. Generally, 
transfersomes are used topically. These vesicles 
consist of phospholipids and an edge activator (EA), 
a single-chain surfactant. Transfersomes have several 
advantages, namely biocompatible, biodegradable,  
easy to manufacture, can protect drugs from 
environmental degradation, can deliver drugs  
through narrow gaps between cells well, and have 
been used for various ingredients such as peptides, 
proteins, analgesics, and natural compounds to  
protect the packaged drugs from metabolic  
degradation. [13] Transfersome can penetrate the  
stratum corneum by two routes in intracellular lipids 
that differ in their bilayer properties. Transfersomes 
can penetrate through intracellular and transcellular 
routes of the barrier in all parts of the body’s skin.  
The transfersome penetration mechanism follows an 
osmotic gradient. Because of their elasticity, vesicles  

can conform to the shape of the pores or gaps  
in the stratum corneum. The size of the gap is about  
one to ten times smaller than the diameter of the  
vesicle. Liposomes are drug delivery systems by 
encapsulating materials with different properties, 
polarities, and sizes. Lecithin consists of  which  
are often used in the manufacture and formulation  
of the liposome. [14,15]

Based on the explanation above, this study aims to 
determine the effect of the nanotransfersomes gel 
of lime peel extract on the expression of FGF and  
VEGF in accelerating the healing of traumatic ulcers  
in vivo in Wistar rats. 

MATERIALS AND METHODS

Animals
In this study, 32 healthy adult male Wistar rats aged  
2-3 months were used with an average body weight 
of 180-200 grams. This research was conducted  
after obtaining an ethical license at Brawijaya  
University (No:087-KEP-UB-2020). All samples were 
acclimatized for seven days. Animals were given 
standard laboratory food and drink and weighed at 
the end of acclimatization. All animals used in this 
study were treated and treated humanely following 
international guidelines. [16]

Lime peel extract preparation and phytochemical 
analysis
The plant was identified and prepared at Materia  
Medika, Batu City, East Java, Indonesia. Lime peel 
extract was made using the maceration method  
using an ethanol solution. Lime peel in the oven at 
60°C until dry, in a blender into a fine powder. The 
powder was wrapped in filter paper and soaked in 
96% ethanol. Continue the evaporation process 
at a temperature of 30-40°C. [17] Characteristic 
test of lime peel extract using qualitative screening  
and quantitative levels of flavonoid (quercetin) with 
Liquid chromatography-mass spectrometry (LCMS)  
test. [18]

Gel preparation
The nanotransfersome gel of lime peel extract (Citrus 
aurantifolia Swingle) is made from lime peel extract 
which is processed using transfersome encapsulation 
by sonication method. The formula used is a mixture 
of Lecithin and Tween 20 (1:2). Then it is dissolved  
in chloroform and Phosphate Buffer Saline (PBS) 
solution of pH 7.4 and then put into a sonicator 
to change the size to nano, then the process of  
changing the nanotransfersome preparation of lime  
peel extract is carried out into a gel preparation. [19]

The process continued with the manufacture of  
a gel, starting with dissolving Carboxymethyl  
Cellulose Sodium (CMC-Na) in water, then grinding  
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until homogeneous. Glycerin is weighed and then  
put into a mortar. All ingredients are ground until 
homogeneous. Furthermore, a gel of lime peel extract 
was made by adding lime peel extract to the CMC-
Na solution and adding water up to 100 ml. A gel of 
nanotransfersome lime peel extract was made by 
adding lime peel extract to the CMC-Na solution 
and adding water up to 100 ml. [20] The final results 
obtained nanotransfersome gel lime peel extract  
with a concentration of 44% and continued with  
Particle Size Analyzer (PSA) and Zeta Potential tests.

Traumatic Ulcer Creation
This study used the lower labial mucosa as the area  
to be ulcerated. Anesthetize the mucosal area to be 
ulcerated with 0.2 ml of ketamine intramuscularly.  
Next, the ulcer was made by heating the burnisher 
instrument 2 mm with boiling water (100°C). The  
heated burnisher was then attached for 10 seconds  
to the labial mucosa of the rat. On the second day 
of the study, observations were made on clinically  
reddish ulcers with a yellowish base, a more  
concave area than the surrounding mucosa. [21]

Treatment
Wistar rats were randomly divided into four groups  
(8 rats in each group) with time series on the third 
and seventh days, namely untreated group, group 
A was given lime peel extract gel, group B was 
given nanotransfersome gel of lime peel extract, and  
group C was given aloe vera-based herbal medicine  
was applied to the traumatic ulcer area 2 times a 
day until the third and seventh day according to the  
treatment group. [21]

Histomorphological Evaluation
On days 3 and 7, all mice in the control and  
treatment groups were euthanized by cervical 
dislocation. Tissue preparations on rat labial mucosal 
tissue with fixation solution (10% formalin buffer)  
and IHC (Immunohistochemistry) staining at the 
Anatomical Pathology Laboratory, Faculty of  
Medicine, Universitas Brawijaya. Identification 
of macrophages assessed as a positive expression  
on IHC staining showed the presence of large round  
to oval cells with brown and foamy cytoplasm.  
The total expression of VEGF and FGF was calculated 
using a light microscope (Olympus, Japan) with  
400x magnification for 5 fields of view. [22]

Statistical analysis 
Quantitative data was obtained from the calculated 
number of macrophages expressing VEGF and FGF,  
then averaged per group. Statistical analysis using 
SPSS, and all data represented as mean±SD (standard 
deviation) was performed to test the comparative  
and correlative hypotheses, using a significance level 
of 0.05 (p=0.05) and 95% confidence level (α=0.05). 
The test was carried out with the data normality test  

and homogeneity test followed by the one-way  
analysis of variance (ANOVA), Tukey post hoc test,  
and Pearson correlation test.

RESULTS  

The results of the phytochemical screening tests 
that have been carried out are positive lime peels  
containing flavonoids, saponins, tannins, and alkaloids. 
Based on the results of the LCMS test, it can be seen 
that lime peel extract contains quercetin (one of the 
active substances in the flavonoid class). Quantitative 
results with quercetin standardization showed that  
the quercetin content in lime peel extract is 37.13 g/
ml. Size and charge analysis of the nanotransfersome  
gel of lime peel extract obtained a PSA of 295.26 nm 
and a Zeta Potential of -9.59 mV.

Table I showed the results of the normality test  
showed that the significance value of the number of 
FGF and VEGF in the control and treatment groups 
on day 3 and day 7 had significant (p>0.05), so it  
can be concluded that the research data were  
normally distributed. The results of the homogeneity  
test show that Levene’s Test sig value is p>0.05, so  
it can be concluded that all groups are homogeneous.

Table I : Normality Test Results of FGF and VEGF

Variable Sig Shapiro-Wilk Decision

FGF Day-3 0.466 Normal

FGF Day-7 0.525 Normal

VEGF Day-3 0.243 Normal

VEGF Day-7 0.753 Normal

* significant = p > 0.05

Table I shows the results of the One Way ANOVA  
test on the amount of FGF showed that on the 3rd  
day a sig value  (p<0.05) was obtained as well as on 
the 7th day also obtained a significance (p<0.05)  
which indicated that there was a difference in the 
amount of FGF in the wound healing of traumatic 
ulcers between the control group, lime peel extract 
gel, nanotransfersome gel of lime peel extract and  
gel Aloe vera-based herbal medicine. Therefore,  
it will be continued with post hoc Tukey. The  
difference in the mean of FGF cells in the control  
group, treatment using lime peel extract gel, 
nanotransfersome gel of lime peel extract, and gel  
Aloe vera-based herbal medicine after day 3 and  
day 7. The mean of FGF in the nanotransfersome  
gel of the lime peel extract group on day 3 was  
known to be the highest with a mean of 24.20 and  
the lowest was the control group with a mean  
of 17.75. On the 7th day, there was a decrease in  
FGF in each group the lowest mean being 
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nanotransfersome gel of lime peel extract with  
a mean of 10.93 and the highest was the control  
group with a mean of 17.40. On fig. 1 shows 
that the expression of FGF in macrophages in the 
nanotransfersome group was significantly higher  
than that in the other treatment groups and on the 
seventh day there was a lot of extracellular matrix  
tissue showing the healing process.

Table III shows the results of the One Way ANOVA  
test on the amount of VEGF showed that on the  
3rd day a sig value (p<0.05) was obtained as well as 
on the 7th day (p<0.05) was obtained which indicated 
that there was a difference in the amount of VEGF in 
the wound healing of traumatic ulcers between the 
control group, lime peel extract gel, nanotransfersome 
gel of lime peel extract and gel Aloe vera-based 
herbal medicine. The difference in the mean of 
VEGF cells in the control group, treatment using gel 
extract, nanotransfersome gel of lime peel extract, and  
gel aloe vera-based herbal medicine after day 3 
and day 7. The mean of VEGF on day 3 was known 
to be the highest in the nanotransfersome gel of the  
lime peel extract group with a mean of 20.47 and  
the lowest in the control group with a mean of  
14.15. On the 7th day, there was a decrease in VEGF 
in each group with the lowest in nanotransfersome 
lime peel extract with a mean of 6.67 and the  
highest was the control group with a mean of 12.47.  
On fig.2 shows that the VEGF expression in  
macrophages in the nanotransfersome group was 
significantly higher than in the other treatment  
groups and on the seventh day indicated the healing 
process.

The results of the Post Hoc Tukey test (Table IV  
and V) on the amount of FGF and VEGF showed  
that on day 3 and day 7 there was a significant  
difference between the treatment groups (p<0.05). 

Fig. 1 : Reprensentative images of immunohistochem-
ical (IHC) staining of the number of FGF on day 3  
and 7 at 400x magnification. K (Control); PA (Lime  
peel extract gel); PB (Nanotransfersome gel of 
lime peel extract); PC (gel Aloe vera-based herbal  
medicine). Black arrows represent macrophages with 
positive stained.

Table II : Results of One Way ANOVA Test of FGF between Groups

Time Group Mean SD Sig

Day-3 Control (K3) 17.75 0.64

0.000
Lime peel extract (P3A) 19.85 0.66

Nanotransfersome lime peel extract (P3B) 24.20 0.20

Herbal medicine with aloe vera standard (P3C) 21.93 0.12

Day-7 Control (K7) 17.40 0.92

0.000
Lime peel extract (P7A) 14.33 0.42

Nanotransfersome lime peel extract (P7B) 10.93 0.31

Herbal medicine with aloe vera standard (P7C) 12.67 0.58
*Data are presented as the mean ± SD. There are significant differences between groups = p < 0.05
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The correlation test (Table VI) between the amount  
of FGF on day 3 and day 7 with treatment, p<0.05, 
indicates that there is a significant correlation.  
The magnitude of the correlation coefficient  
obtained on day 3 is 0.802 (positive) which indicates 
the average amount of FGF is increasing along with  
the treatment given with a very strong correlation 
strength. While the 7th day obtained a correlation 
coefficient of -0.808 (negative) which shows the  
average number of FGF decreases as the treatment  
is given with a very strong correlation strength.

In the relationship between the amount of VEGF on  
day 3 and day 7 with the treatment, the sig value  
<0.05, indicates that there is a significant correlation 
(Table V). The magnitude of the correlation coefficient 
obtained on day 3 is 0.822 (positive) which indicates  
the average amount of VEGF is increasing as the  
treatment is given with a very strong correlation  
strength. While on day 7, the correlation coefficient  
is -0.802 (negative) which indicates the average  
number of VEGF decreases as the treatment is given  
with a very strong correlation strength.

DISCUSSION

Based on phytochemical results, lime peels contain 
flavonoids, saponins, tannins, and alkaloids. The 
quercetin content in lime peel extract is 37.13 g/ml. 
Krismaya et al (2019) found that the highest content 
of lime peel is 3.05% saponin and 2.78% flavonoid. 
The flavonoids contained in lime affect wound healing 
due to their anti-inflammatory effects, which affect 
the healing time. [9] The PSA test results for lime 
peel gel nanotransfersome particles were 295.26 nm. 
The results of the zeta potential test of lime peel gel 
nanotransfersomes showed a value of -9.59 mV. The 
new nanoparticles show their characteristic properties 
at diameters below 100 nm, but this limitation is 

Table III : Results of One Way ANOVA Test of VEGF between Groups

Time Group Mean SD Sig

Day-3 Control (K3) 14.15 0.34

0.000
Lime peel extract (P3A) 15.90 0.53

Nanotransfersome lime peel extract (P3B) 20.47 0.31

Herbal medicine with aloe vera standard (P3C) 18.40 0.20

Day-7 Control (K7) 12.47 0.64

0.000
Lime peel extract (P7A) 10.53 0.12

Nanotransfersome lime peel extract (P7B) 6.67 0.61

Herbal medicine with aloe vera standard (P7C) 8.47 0.31
* Data are presented as the mean ± SD. There are significant differences between groups = p < 0.05

Fig. 2 : Reprensentative images of immunohisto-
chemical (IHC) staining of of VEGF on day 3 and 7  
at 400x magnification. K(Control); PA (Lime peel  
extract gel); PB (Nanotransfersome gel of lime peel  
extract); PC (gel aloe vera-based herbal medicine).  
Black arrows represent macrophages with positive 
stained.
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Table IV : Results of Tukey Post Hoc of FGF between Groups

Time Comparison Treatment Sig Decision

Day-3 Control, K(-)3 Extract (P3A) 0.001 Significant

Nanotransfersome (P3B) 0.000 Significant

Herbal medicine with aloe vera standard (P3C) 0.000 Significant

Extract (P3A) Nanotransfersome (P3B) 0.000 Significant

Herbal medicine with aloe vera standard (P3C) 0.002 Significant

Nanotransfersome (P3B) Herbal medicine with aloe vera standard (P3C) 0.001 Significant

Hari-7 Control K(-)7 Extract (P7A) 0.001 Significant

Nanotransfersome (P7B) 0.000 Significant

Herbal medicine with aloe vera standard (P7C) 0.000 Significant

Extract (P7A) Nanotransfersome (P7B) 0.001 Significant

Herbal medicine with aloe vera standard (P7C) 0.038 Significant

Nanotransfersome (P7B) Herbal medicine with aloe vera standard (P7C) 0.031 Significant

* significant differences between groups = p < 0.05

Table V : Results of Tukey Post Hoc of VEGF between Groups

Time Comparison Treatment Sig Decision

Day-3 Control K(-)3 Extract (P3A) 0.000 Significant

Nanotransfersome (P3B) 0.000 Significant

Herbal medicine with aloe vera standard (P3C) 0.000 Significant

Extract (P3A) Nanotransfersome (P3B) 0.000 Significant

Herbal medicine with aloe vera standard (P3C) 0.000 Significant

Nanotransfersome (P3B) Herbal medicine with aloe vera standard (P3C) 0.000 Significant

Day-7 Control, K(-)7 Extract (P7A) 0.005 Significant

Nanotransfersome (P7B) 0.000 Significant

Herbal medicine with aloe vera standard (P7C) 0.000 Significant

Extract (P7A) Nanotransfersome (P7B) 0.000 Significant

Herbal medicine with aloe vera standard (P7C) 0.003 Significant

Nanotransfersome (P7B) Herbal medicine with aloe vera standard (P7C) 0.007 Significant

* significant differences between groups = p < 0.05

difficult to achieve for nanoparticle systems as drug 
delivery systems. In general, drug nanoparticles must 
contain a sufficient amount of drug in the matrix for 
each particle, thus requiring a relatively larger size 
than non-pharmaceutical nanoparticles. Nanoparticles 
are particles that have a size below 1 micron in test 
animals. This is determined according to the theory that 
the zeta value is said to be stable when away from the 

isoelectric point which is 0, so that repulsion occurs, 
while a dispersion system with a low zeta potential 
value is easier to form aggregates along with Van der 
Waals forces in particle interactions. Kateh et al (2019) 
prove that vesicles with a size of less than 500 nm  
can pass through the skin by penetrating through  
pores five times smaller than their size. [15,16,18]
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In natural wound healing (without intervention), the 
role of M1 and M2 macrophages is very important for 
wound healing. Monocytes to the wound tissue after  
48 hours which transition to macrophages as the  
main cells in the wound. The four-phase natural  
wound healing process is characterized by a lag of 
about 3-5 days and prolonged inflammation can 
lead to fibrotic wound healing. The results showed 
that all groups experienced a decrease in the average  
amount of FGF and VEGF expression on the 7th day  
compared to the 3rd day. Macrophages M2 produce 
PDGF, TGF-β, FGF, and VEGF which can stimulate 
the formation of granulation tissue. Observations on 
day 7 were carried out based on the angiogenesis  
process stimulated by VEGF, mostly found in the 
proliferative phase, namely on days 3 to 21. [6,18]
 
The group treated with nanotransfersomes gel with  
lime peel extract had the highest average number  
on day 3. This can be caused by quercetin as a  
natural flavonoid that has an anti-inflammatory  
effect on the drug delivery system used, namely 
nanotransfersomes. Quercetin has been reported 
to modulate M2 polarization. As reported, M1  
macrophages secrete a large number of  
pro-inflammatory cytokines, while M2 macrophages  
can downregulate pro-inflammatory cytokines 
and secrete growth factors (VEGF, FGF, TGF, etc.). 
The structure of the lipid bilayer membrane in the 
transfersomes is also able to support the penetration  
of the wound area through smaller pores, besides 
that the elasticity of the transfersomes membrane  
also minimizes the risk of rupture of vesicles in  
the skin/mucosa. Kant et al (2020) reported the  
results of studies on wounds of diabetic rats showing 
that quercetin treatment increased the expression  
of IL-10, VEGF, and TGF-β1 and decreased the 
expression of TNF-α, IL-1β, and MMP-9. [20,21,25]

The average amount of FGF and VEGF in the lime  
peel extract gel treatment group had the lowest mean  
on the 3rd day and the lowest on the 7th day  
compared to other treatment groups. This group has  
the same basic ingredients as the nanotransfersomes  
but slow progress in total FGF and VEGF expression. 
This can be influenced by the particle size of the 
lime peel extract gel which is larger than the lime 
peel extract gel nanotransfersomes so that it cannot 
penetrate faster on the target cells. Another factor  
that can affect the penetration of lime peel extract  
gel is mucosal permeability including the amount  
of salivary flow, where increased salivary secretion  
can decrease mucosal permeability resulting in  
rapid gel degradation. Nanocarriers are generally 
the preferred form of drug delivery due to the nature 
of mucoadhesion, in which the adhesion of the 
drug carrier occurs to the mucous membranes of  
the mucosa. [13, 22]. The administration of Aloe  
vera-based herbal medicines had the second average 

amount of FGF and VEGF on the 3rd day and the  
second lowest on the 7th day, this is following the  
theory which states that the content of Acemannan 
(mannose-6-phosphate) on Aloe vera can accelerate  
the wound healing process in diabetic ulcers in 
experimental animals by stimulating KGF-1, VEGF 
production, and collagen synthesis. [30] 

The average amount of FGF and VEGF expression 
in each group on the 3rd day was found to decrease 
on the 7th day. The angiogenesis process will occur  
as long as macrophages are still in the wound area 
because macrophages are the key to the vascular 
formation by producing growth factors such as  
VEGF, TGF-β, and PDGF. Macrophages decrease 
when the injured tissue is going through a healing  
or remodeling phase. This indicates that the faster  
VEGF expression decreases, the faster the wound  
healing process run. [4,31]

On the 7th day, all treatment groups showed a  
decrease in the expression of FGF and VEGF.  
This indicates a decreased inflammatory phase and 
increased proliferation to form granulation tissue.  
Only the control group was still high because the  
control group was self-healing. Angiogenesis is 
important for wound healing because it involves  
the growth of new capillaries to form granulation  
tissue that occurs on the third to fifth day after 
tissue injury. Several growth factors produced by  
macrophages (PDGF, VEGF, and FGF) synergize in  
their ability to vascularize tissues. In the proliferative 
phase, an increase in the number of cells and  
wound healing factors will be seen, one of which  
is the proliferation of fibroblasts. The role of  
fibroblasts is very large in the repair process, which  
is responsible for the preparation of producing  
protein structure products that will be used during 
the tissue reconstruction process. The proliferation of 
fibroblasts in the wound healing process is naturally 
stimulated by IL-Ib, PDGF, and fibroblast FGF.  
The wound healing process is strongly influenced  
by the role of fibroblast migration and proliferation  
in the wound area. [25,32].

CONCLUSION

The nanotransfersome gel of lime peel extract has  
the potential to accelerate wound healing by increasing 
the amount of FGF and VEGF in the labial mucosal 
wounds of Wistar rats. On day 3, the treatment group 
with lime peel extract nanotransfersome gel had the 
highest average VEGF and FGF values.

Research based on nanotransfersome gel of lime peel 
extract has the potential to be developed as herbal 
medicine by utilizing orange peel waste. This research  
is still limited to the microscopic figure of wound  
healing. Suggestions in this study need to be further 
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tested on the porosity of the lime peel extract 
nanotransfersome gel, immunohistochemical analysis  
to explore growth factors and anti-inflammatory 
cytokines, as well as antimicrobial tests to support  
the mechanism of healing effect on the administration  
of lime peel extract nanotransfersome gel.

Abbreviation
FGF: Fibroblast growth factors
VEGF: Vascular endothelial growth factor
TNF-α: Tumor necrosis factor-α
IL: Interleukin
IGF: Insulin-like growth factor
TGF: Transforming growth factor
PDGF: Platelet-derived growth factor
MMP-9: Matrix metalloproteinase-9
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