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ABSTRACT 

Periodontal dressings can contribute to plaque accumulation, which in turn may cause inflammation, irritation of 
healing tissues, bacteremia, and difficulties in eating. Advances in knowledge and technology have improved the 
materials used in these dressings, aiming to enhance effectiveness and minimize complications. High-molecular-
weight hyaluronic acid (HMW-HA) is a promising dressing material because of its anti-inflammatory properties and its 
ability to promote epithelial regeneration. This study aimed to determine whether different concentrations of HMW-HA 
gel influence vascular endothelial growth factor (VEGF) expression and angiogenesis during gingival wound healing in 
white rats (Rattus norvegicus) of the Wistar strain. A total of 42 rats were divided into seven groups: a negative control 
group (K1), a positive control group (K2) treated with 0.2% Gengigel®, and five treatment groups (P1–P5) receiving 
HMW-HA gel at concentrations of 0.2%, 0.4%, 0.6%, 0.8%, and 1%, respectively. Standardized 2 mm wounds were 
created with a punch biopsy on the lower anterior jaw of each rat. Treatments were administered twice daily for 
seven days. VEGF expression and angiogenesis were evaluated using immunohistochemical and hematoxylin–eosin 
staining. The group treated with 1% HA gel (P5) showed the highest average VEGF expression and angiogenesis 
compared with the negative control and lower-concentration treatment groups. These findings suggest that topical 
application of HMW-HA gel may enhance gingival wound healing in periodontal surgery by promoting angiogenesis 
and increasing VEGF expression. 
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INTRODUCTION
The Global Burden of Disease Study (2021) 
estimated that over 1 billion people are affected by 
severe periodontitis, with Southeast Asia showing 
the highest prevalence at 17.57%.1 In Indonesia, 
Hijryana et al2 reported that nearly 75% of older 
adults had generalized periodontitis, 3% had 
healthy periodontal status, and approximately 
22% had localized periodontitis. In many cases, 
periodontal surgery is required, resulting in surgical 
wounds to the periodontal tissue.3 

Wound healing is a complex and dynamic 
process aimed at restoring tissue structure 
and function. It is generally divided into three 
overlapping phases: inflammation, proliferation, 
and remodeling. These phases involve coordinated 

processes of cell migration and proliferation, 
extracellular matrix synthesis, growth factor 
signaling, and cytokine activity, leading to tissue 
restoration.4

During the inflammatory phase, macrophages 
release growth factors such as platelet-derived 
growth factor (PDGF), fibroblast growth factor 
(FGF), transforming growth factor-β (TGF-β), 
and vascular endothelial growth factor (VEGF). 
VEGF plays a central role in driving angiogenesis 
and vascular development, while FGF and VEGF 
together promote fibroblast proliferation and 
granulation tissue formation. The application 
of certain materials can stimulate increased 
VEGF expression. Natural biomaterials such as 
hyaluronic acid (HA) are increasingly favored due to 
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their ideal wound-healing characteristics, including 
biocompatibility, biodegradability, and strong 
interaction with biological systems. The application 
of certain materials can stimulate increased 
VEGF expression. Natural biomaterials such as 
hyaluronic acid (HA) are increasingly favored 
due to their ideal wound-healing characteristics, 
including biocompatibility, biodegradability, and 
strong interaction with biological systems.5 

HA is a naturally occurring, non-sulfated 
glycosaminoglycan that maintains extracellular 
matrix integrity and tissue hydration. It is classified 
into high-molecular-weight (HMW-HA) and low-
molecular-weight (LMW-HA) forms, each with 
distinct roles in wound healing.6 HA enhances 
fibroblast proliferation, promotes angiogenesis, and 
regulates cytokine and growth factor expression.

Previous studies have demonstrated the 
benefits of HA in oral wound healing. Ramadhany 
et al7 reported that 0.2% HA gel enhances 
angiogenesis in gingival wounds in rats.  Doğan 
et al8 found that 0.6% HA significantly improved 
healing after frenectomy in pediatric patients. 
Similarly, de Ramón et al9 observed superior 
healing outcomes with 1% HA gel compared to 
0.2% in oral mucosal lesions.

However, the effect of different HMW-
HA gel concentrations on VEGF expression 
and angiogenesis in gingival wounds has not 
been fully established. Therefore, this study 
aimed to evaluate the impact of various HMW-
HA concentrations on VEGF expression and 
angiogenesis during gingival wound healing in 
Wistar rats.

MATERIALS AND METHODS
This study was approved by the Animal Care and 
Use Committee of Universitas Brawijaya, Malang 
(Ethical Clearance No. 064-KEP-UB-2024). It was 
conducted as an in vivo laboratory experiment 
using a posttest-only control group design. 

The sample size was determined using 
Federer’s formula, resulting in 42 healthy male 
Wistar rats (Rattus norvegicus), each weighing 
180–250 g. The rats were randomly assigned to 

seven groups (n = 6 per group). The negative 
control group (K1) received no treatment, the 
positive control group (K2) was treated with 0.2% 
Gengigel® (Gengigel, Ricerfarma, Milano, Italy), 
and the remaining five treatment groups (P1–P5) 
received high-molecular-weight hyaluronic acid 
(HMW-HA) gel at concentrations of 0.2%, 0.4%, 
0.6%, 0.8%, and 1%, respectively. 

HMW-HA powder (1200 kDa; ECOORI PTE 
LTD, Singapore) was formulated into gel at the 
Pharmacy Laboratory, Ma Chung University, 
Malang, Indonesia. Viscosity, spreadability, 
mucoadhesiveness, and stability tests were 
performed, and toxicity testing was conducted at 
the Pusvetma Laboratory, Surabaya, Indonesia. 
All concentrations exhibited good stability, 
viscosity, spreadability, and mucoadhesiveness, 
and were found to be non-toxic. The animals 
were acclimatized for seven days prior to surgery. 
Anesthesia was administered via intramuscular 
injection of a ketamine–xylazine combination in a 
1:1 ratio at a dose of 100 mg/mL. A standardized 
wound measuring 2 mm in diameter and 1 mm 
in depth was created 2 mm below the cervical 
margin of the left lower incisor using a Ribbel 
Disposable Dermal Biopsy Punch® (India). The 
wound was rinsed with 0.9% NaCl solution before 
treatment application. In the negative control 
group, the wound was left untreated; in the 
positive control group, the wound was treated with 
0.2% Gengigel®; and in the treatment groups, 
the wounds were treated with the respective 
concentrations of HMW-HA gel. A total of 0.05 
mL of gel was applied to the wound area using a 
syringe twice daily for seven days. 

At the end of the treatment period, the animals 
were sacrificed via cervical dislocation.10 The gingival 
granulation tissues were fixed in 10% formalin 
solution, placed in labeled containers according to 
each group, and processed for paraffin embedding 
to facilitate thin sectioning. Deparaffinization was 
performed using xylol (MERCK, 18.661.500, 
Germany), followed by rehydration through 
graded ethanol solutions (MERCK, 1.009.832.500, 
Germany) down to distilled water. Antigen retrieval 
was carried out by heating the preparations in a 
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microwave for 10 minutes. Anti-VEGF antibody 
(SIGMA ALDRICH, ABS82, Germany) was applied 
to bind to the target antigen. 

The preparations were rinsed with buffer for 
3 minutes, repeated three times, and gently dried 
with absorbent paper. The HRP (horseradish 
peroxidase)-conjugated secondary antibody 
(biotinylated goat anti-mouse IgG and goat anti-
rabbit IgG; IHC Select® HRP/DAB kit, Germany) 
was applied and incubated at 37 °C for 30 
minutes. DAB substrate (IHC Select® HRP/DAB 
kit, Germany) was then applied dropwise to the 
tissue sections. Counterstaining was performed by 
immersing the slides in Harris hematoxylin (LEICA, 
3801570, Germany) for 30–60 seconds, followed 
by rinsing in water, differentiation in alcohol with 
1% HCl, another water rinse, dehydration in 
ethanol (MERCK, 1.009.832.500, Germany), and 
clearing in xylol (MERCK, 18.661.500, Germany). 
The preparations were then mounted with a cover 
glass (ONE LAB, China).

For hematoxylin and eosin (H&E) staining, the 
preparations were fixed in cold methanol at –20 °C 
for 3–5 minutes, rinsed in water and PBS (Biogear, 
BGPBS-002, China), and stained with hematoxylin 
(LEICA, 3801570, Germany) for 5–7 minutes. 
Slides were then dipped 20 times in eosin (LEICA, 
3801602, Germany), dehydrated in ethanol, rinsed 
in PBS, cleared in xylol (MERCK, 18.661.500, 
Germany), and mounted with cover glass (ONE 
LAB, China). After drying, the preparations were 
ready for microscopic examination.

Histopathological evaluation was performed 
by counting angiogenic vessels in five fields of 
view (LP) at 400× magnification using a Nikon 
Eclipse type Ei® light microscope (USA) equipped 
with an Optilab® SIGMA microscope camera 
(MTN02024, Indonesia) connected to a computer. 
The counts were averaged for each sample. 
Angiogenic vessels were identified as irregularly 
shaped structures, sometimes with incomplete 
endothelial cell linings. Endothelial cell nuclei 
stained blue with hematoxylin, whereas cytoplasm 
and surrounding tissues stained pink with eosin. 

IHC preparations were examined under 
a Nikon Eclipse Ei microscope at 40× and 10× 

magnifications to assess staining intensity and 
patterns. Image analysis was conducted using the 
IMAGE-J software as follows: open the application, 
load the selected image according to the field 
of view, select “image” → “type” (16-bit), adjust 
settings, and set the threshold to determine color 
intensity percentage. Processed data were then 
exported to Microsoft Excel for further analysis.

All data are expressed as mean ± 
standard deviation (mean ± SD) for each group. 
Angiogenesis data were not normally distributed 
(Shapiro–Wilk p ≤ 0.05) and were analyzed using 
the Kruskal–Wallis test followed by the Mann–
Whitney post hoc test. VEGF expression data 
were normally distributed (Shapiro–Wilk p > 0.05) 
and analyzed using ANOVA followed by Tukey’s 
HSD post hoc test. Statistical analyses were 
conducted using SPSS for Windows, version 21.0 
(SPSS Inc., Chicago, IL, USA), with statistical 
significance set at p < 0.05.

RESULTS
VEGF is expressed by macrophages, appearing 
brownish upon binding with anti-VEGF antibodies. 
In the control groups, the positive control group 
(K2) exhibited a higher mean VEGF expression 
compared with both the negative control and the 
treatment groups. Among the treatment groups, 
the highest mean VEGF expression was observed 
in the group receiving 1% HA gel (P5). Overall, 
the lowest mean VEGF expression was recorded 
in the negative control group (K1), which received 
no treatment.

In H&E-stained preparations, endothelial 
cells forming the walls of blood vessels appeared 
reddish-brown, whereas surrounding tissues 
stained blue (hematoxylin) and pink (eosin). 
The negative control group had the lowest mean 
vessel count among all groups. In the treatment 
groups, the average number of new blood vessels 
increased progressively with higher HMW-HA 
gel concentrations, with P5 (1% HMW-HA gel) 
exhibiting the highest value. The positive control 
group had the highest mean number of new 
vessels overall.
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Figure 1. VEGF expression (green arrows) in the control and treatment groups on IHC staining. VEGF expression was assessed 
based on the staining intensity in endothelial cells compared with epithelial cells. Brown cytoplasmic staining in epithelial cells was 
interpreted as positive VEGF expression

The negative control group (K1) differed 
significantly from all other groups except P1 (0.2% 
HMW-HA gel). The positive control group (K2) 

showed significant differences compared with K1 
and all treatment groups (P1–P4) but not with P5 
(1% HMW-HA gel).

The negative control group (K1) differed significantly from all other groups except P1 
(0.2% HMW-HA gel). The positive control group (K2) showed significant differences compared 
with K1 and all treatment groups (P1–P4) but not with P5 (1% HMW-HA gel). 
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Figure 2. Average of VEGF expression by macropage cells 

 

 
Figure 3. Results of Tukey’s HSD test for VEGF expression (s = significant). The post hoc 
analysis revealed significant differences between K1 and K2, K1 and P5, K2 and P1, and 
P1 and P5 
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Figure 3. Results of Tukey’s HSD test for VEGF expression (s = significant). The post hoc 
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DISCUSSION
VEGF is a key growth factor in the wound healing 
process, produced by various cells involved in 
tissue repair, with macrophages being among 
the primary sources. As a potent regulator of 
angiogenesis, VEGF stimulates endothelial cell 
proliferation and the formation of new blood 
vessels, which are essential for delivering nutrients 

to developing granulation tissue.11 Several studies 
have demonstrated that VEGF expression is 
upregulated during the first 10 days following injury, 
peaking between days 5 and 10 in rat models.12 

Wound healing begins immediately after 
injury. Within seconds, hemostasis occurs through 
clot formation. During the inflammatory phase 
(24–36 hours post-injury), neutrophils arrive to 

Graph of Average VEGF Expression
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Figure 4. Angiogenesis observed in the positive control group (K2) and the treatment groups (P1–P5) was more 
prominent than in the negative control group (K1) 
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Figure 5. Average number of new blood vessels in the control and treatment group 
 

 

 
 

Figure 6. Comparison of the mean angiogenesis levels between groups (s = significant) 
 
DISCUSSION 
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perform phagocytosis and eliminate bacteria. At 
48–72 hours, macrophages replace neutrophils, 
continuing phagocytosis and releasing multiple 
growth factors. The subsequent proliferation 

phase is marked by granulation tissue formation, 
angiogenesis, and re-epithelialization. This 
regeneration is promoted by pro-regenerative 
M2 macrophages, which release growth factors 
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Figure 3. Results of Tukey’s HSD test for VEGF expression (s = significant). The post hoc 
analysis revealed significant differences between K1 and K2, K1 and P5, K2 and P1, and 
P1 and P5 
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such as FGF, EGF, and VEGF. This phase can 
last up to three weeks. Fibroblasts migrate to 
the wound site in response to PDGF released by 
platelets, synthesizing new extracellular matrix 
(ECM). TGF-β1 then stimulates fibroblasts to 
produce collagen, supporting re-epithelialization. 
In the final remodeling and maturation phase, 
granulation tissue is reorganized, and endothelial 
cells, macrophages, and myofibroblasts undergo 
apoptosis. These processes result in scar tissue 
formation, signaling the completion of the wound 
healing process.13

The increase in VEGF expression observed 
in this study supports the notion that VEGF plays 
a critical role in the wound healing process, 
consistent with the findings of Cahyati, who reported 
significantly higher mean VEGF expression in 
treatment groups compared with controls. This 
effect can be triggered by the administration 
of biomaterials such as hyaluronic acid (HA), 
which has been demonstrated in numerous 
studies to promote the healing of full-thickness 
surgical wounds. HA is believed to facilitate re-
epithelialization, leading to the formation of soft 
tissues and increased microvascular density.14 

In addition to its regenerative potential, 
HA can serve as a stable barrier against viral 
and bacterial penetration due to its viscoelastic 
properties. It also exhibits a bacteriostatic effect, 
which is particularly beneficial in post-surgical 
wounds to prevent contamination by pathogens 
and reduce the risk of postoperative infection, 
thereby improving healing predictability.15 Hong 
et al reported findings that support the present 
results, showing that the topical application of 
HA to skin wounds increased VEGF expression, 
with the peak observed on day 7 compared with 
controls.16 Similarly, Bonatto et al. demonstrated 
that HA gel combined with green tea enhanced 
VEGF expression in post-extraction wounds.17 
Canciani et al further showed that the application of 
1.2% low-molecular-weight HA gel to oral mucosal 
wounds promoted new blood vessel formation.18

Yang et al described HA as a polymer 
compound with the capacity to enhance 
wound healing by stimulating the production of 

regenerative cells, including growth factors.19 
Asparuhova et al provided additional evidence, 
showing that high-molecular-weight HA (HMW-
HA) gel promotes fibroblast proliferation in gingival 
and palatal mucosa while upregulating gene 
expression for growth factors.6 Hwang and Lee 
similarly noted that HA gel can induce growth 
factor production by modifying its physical and 
chemical properties, including HA concentration.20

Multiple studies have confirmed the efficacy 
of HA in wound healing. For example, Canciani 
et al (2021) reported that HA gel, when combined 
with other agents, improved healing in oral 
mucosal wounds.18 Gupta (2017) also found that 
0.8% HA was effective in treating grade II furcation 
defects after flap surgery, as demonstrated by 
defect closure.21

In the present study, the highest mean VEGF 
expression and angiogenesis levels were observed 
in the group treated with 1% HA gel. This aligns 
with the findings of Al-Saadi and Al-Quisi (2023), 
who reported that 1% HA gel significantly reduced 
postoperative pain, trismus, and edema compared 
with controls following mandibular third molar 
surgery. This effect may be attributed to the higher 
viscosity of concentrated HMW-HA gels.22 HA with 
greater molecular weight and concentration exhibits 
higher viscosity,23 as demonstrated in previous 
studies showing that a twofold increase in HA 
concentration or molecular weight can result in up to 
a tenfold change in viscosity. This occurs because 
concentration reflects the number of solute particles 
per unit volume; a greater particle density increases 
interparticle friction, thereby raising viscosity. This 
property may explain the marked difference in 
VEGF expression between the 1% HA gel and the 
0.2% HA gel groups in this study.24

A notable finding was the significant 
difference between the 0.2% HA gel group and 
the positive control group, despite both containing 
0.2% HA. The commercial product used in the 
positive control group (Hyaluronic Acid 0.2% + 
Xylitol + Dichlorobenzyl Alcohol) had a viscosity of 
1,000 dPas, compared with 37–110 dPas for the 
formulated HA gel. Additionally, the commercial 
product used HMW-HA with a molecular weight of 
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1.5 MDa, whereas the experimental gel contained 
HMW-HA of 1 MDa.25 Although both are classified 
as HMW-HA, their molecular weights differ, and 
this difference can influence biological activity. 
Kawano (2021) noted that the binding affinity of HA 
to the CD44 receptor in fibroblasts increases with 
molecular weight, conferring greater resistance 
to dissociation. CD44, a primary HA receptor, 
promotes cell proliferation, differentiation, migration, 
and the induction of inflammatory cytokines or 
matrix metalloproteinases (MMPs) upon binding 
with HA.26 In this study, the combination of 0.2% 
HA, xylitol, and dichlorobenzyl alcohol in the 
commercial product may have enhanced CD44 
clustering, resulting in significantly higher VEGF 
expression compared with both the P1 group and 
the negative control (K1). 

The formulation containing 0.2% 
hyaluronic acid, xylitol, and dichlorobenzyl 
alcohol incorporates additional components 
that enhance its therapeutic profile. Specifically, 
2,4-dichlorobenzyl alcohol contributes antibacterial 
and antiseptic properties, while xylitol serves 
as a sweetening agent to improve palatability. 
Although clinical studies have demonstrated the 
safety of this formulation with minimal adverse 
effects, the inclusion of methanol presents 
potential toxicological concerns, particularly with 
respect to visual impairment. The synergistic 
interaction of these adjuvant compounds with 
the inherent antibacterial properties of hyaluronic 
acid appears to amplify antimicrobial efficacy. 
This pharmacological potentiation may explain 
the observed elevation in VEGF expression 
in the group treated with 0.2% hyaluronic acid 
combined with xylitol and dichlorobenzyl alcohol 
compared with the 1% HA gel monotherapy 
group. However, statistical analysis revealed no 
significant difference between these two treatment 
modalities.25 

This study acknowledges several 
methodological limitations. First, the experimental 
design was constrained by a maximum hyaluronic 
acid concentration of 1%, which may not fully 
capture the dose–response relationship or identify 
the optimal therapeutic concentration. Second, 

temporal assessment was limited to a single 
time point, with specimen collection conducted 
exclusively on day 7 post-treatment. Future 
research should include a wider concentration 
range to determine the maximum tolerated dose 
and establish toxicity thresholds. Additionally, 
incorporating multiple sacrifice time points 
during the experimental period would allow 
for a more comprehensive temporal analysis 
of neovascularization dynamics and VEGF 
expression patterns, thereby generating more 
robust kinetic data on the angiogenic response to 
hyaluronic acid therapy.

CONCLUSION
This study demonstrates that increasing the 
concentration of HMW-HA gel enhances VEGF 
expression and promotes angiogenesis during 
gingival wound healing in Wistar strain white rats 
(Rattus norvegicus).
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