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Introduction
Wound healing post-surgical procedures, such as 
tooth extraction, is a complex process involving 
tissue regeneration, in�ammation, and collagen 
synthesis. Post-extraction complications can cause 
pain and delayed healing, leading to increased 
patient visits to dental practice, and disruption of 
normal daily activities. One of key factors determin-
ing the success of wound healing is collagen forma-
tion, a structural protein that supports integrity and 
strength of the healed tissue.1-3 During the post-ex-
traction healing process, optimal collagen formation 
is crucial for accelerating periodontal tissue regenera-
tion and preventing complications such as infection 
or healing failure.4,5
 Probiotics are known to provide various 
health bene�ts, including improving the balance of 
gut micro�ora and enhancing immune system 
function. Several studies have also shown that probi-
otics can promote wound healing by regulating 
in�ammation and collagen synthesis.6,7 Limosilacto-
bacillus reuteri is a probiotic bacterium widely used 
for oral cavity health due to its advantage of produc-
ing reuterin, a compound with antimicrobial proper-
ties that supports wound healing.8 HA is known for 
viscoelastic properties, which support tissue hydra-
tion and enhance cell migration during healing 
process.9  HA has been shown to accelerate reepithe-
lialization and stimulate changes in protein expres-
sion in vivo in incision wounds in the human dermal 
layer. However, it does not have a signi�cant e�ect on 
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Objective: This study aimed to analyze the di�erences in collagen density 

during wound healing process after tooth extraction with the administration 

of supportive therapy by combining HA and probiotic L. reuteri in Wistar rats 

(Rattus norvegicus).

Material and Method: Collagen density was measured using Masson's 

trichrome staining. Observations were performed with light microscope at 

400× magni�cation and Fiji/ImageJ software. Collagen measurement was 

observed on the blue-colored surface of the specimen. The unit of collagen 

density obtained in a single �eld of view was expressed as an area percentage 
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the in�ammation process, as measured by assessing 
erythema conditions. Gels o�er a practical and 
e�ective means for the local delivery of probiotics to 
support wound healing.10 �e synergistic combina-
tion of L. reuteri and HA is believed to improve tissue 
regeneration, particularly by increasing collagen 
density, a�er tooth extraction.11 However, in vivo 
studies on the e�ectiveness of probiotics as supportive 
therapies for wound healing are limited, and more 
research is needed.12,13  
 �e combination of HA and probiotics is 
expected to create synergistic e�ect in improving 
tissue repair, especially by increasing collagen density 
in wounds a�er tooth extraction. �is research is 
expected to provide new insights into the use of 
probiotics in dental wound healing therapy and o�er 
solid scienti�c basis for developing more e�ective and 
safer topical therapies to accelerate recovery a�er 
tooth extraction procedures.

(area%).

Results: One-way ANOVA showed signi�cant di�erences in collagen density 

between the groups on days 3 (p = 0.005), 7 (p<0.001), and 14 (p= 0.009). 

In the combination therapy group (T3), the average collagen density was 

signi�cantly higher than in the other groups on days 7 and 14 (p <0 .05).

Conclusion: Supportive therapy combining HA and L. reuteri probiotic 

combination therapy can increase collagen density during wound healing in 

Wistar rats, with the strongest e�ects observed on days 7 and 14.

CrossMark

Material and Methods
�e study was approved by the Ethical Clearance 
Commission of the Faculty of Dentistry of Trisakti 
University, Indonesia (No. 640/S2/KEPK/FKG/4/20 
23).
Probiotic Gel Preparation

 Probiotic L. reuteri was prepared in gel form 
based on a commercially available lozenges tablet 
formulation. �e lozenge tablets (1 tablet = 400 mg) 
contained L. reuteri DSM 17938 and L. reuteri ATCC 
PTA 5289 at concentration of 2 × 100,000,000 CFU. 
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Figure 1. Graph of mean collagen density in each group on days 3, 7, and 
14 based on histopathological examinations. NC: negative control 
group; T1: HA treatment group; T2: L. reuteri treatment group; T3: HA–L. 
reuteri treatment group; T4: PVP-I treatment group. *p<0.05 (signi�cant 
compared to the negative control) and **p<0.01 (highly signi�cant 
compared to the negative control).

Carboxymethyl cellulose sodium (CMC-Na; 1.5 g) was 
dissolved in 50 ml of hot distilled water (70°C) and 
allowed to sit for 15 min. Subsequently, 50 ml of cold 
water was added, and the mixture was stirred with a 
magnetic stirrer until it expanded. Furthermore, 1.75 g 

Figure 2. Histopathological �ndings. Changes in collagen density on 
days 3, 7, and 14 are indicated by blue coloration using Masson’s 
trichrome staining (400× magni�cation). NC: negative control group; 
T1: HA treatment group; T2: L. reuteri treatment group; T3: HA–L. reuteri 
treatment group; T4: PVP-I treatment group.

of CMC-Na was placed in a beaker, and 3.15 ml of 
glycerin, 0.3 ml of propylene glycol, and 45 ml of 
distilled water were added. Subsequently, 800 mg (two 
tablets) was added, and the mixture was stirred until it 
became homogeneous. A culture was then performed 
using de Man–Rogosa–Sharpe agar to con�rm that the 
bacteria in the gel remained viable.
Rat Preparation

 �e study sample consisted of 45 male 
Wistar rats aged 2–3 months. �e rats underwent a 
seven-day adaptation period in wire mesh cages lined 
with wood shavings. Food and water were provided ad 
libitum, and the rats were continuously monitored 
until the study was completed. �e treatment of the rats 
was supervised by specialized sta�, including a 
veterinarian, at an animal hospital.
Treatment Procedure

 �e le� lower incisor of each rat was extract-
ed following general anesthesia with ketamine (50–80 
mg/kg; Kepro B.V., Deventer, Netherlands) and 
xylazine (20 mg/kg; Agrovet Market, Lima, Peru), 
administered via intraperitoneal injection. A�er 
severing the periodontal ligament with a scalpel, the 
tooth was gently removed using a needle holder as a 
substitute for extraction forceps. �e depth of the 
socket post-extraction was measured using a 
periodontal probe to determine the volume of gel 
required and to ensure even distribution throughout 
the socket. Speci�cally, 0.1 ml of gel was administered 
using a sterile syringe with a blunt plastic tip.
Preparation of Staining Slide

 �e unstained slide was placed in oven at 
64°C for 25 minutes, then immersed in xylene solution 
twice.  �e slide was then immersed in following 
alcohol solutions: absolute alcohol, 96% alcohol and 
70% alcohol for 5 minutes.  Preheated Bouin's solution 
was dropped onto slide surface and incubated for 1 
hour.  A�er rinsing, the next steps were performed: 
Weigert's solution A and Weigert's solution B were 
mixed to create Iron Hematoxylin solution.  �e 
solution was applied to slide, rinsed with running water 
and distilled water. Biebrich Scarlet/Acid Fuchsin was 
dropped onto slide surface, incubated for 5 minutes, 
and rinsed. Phosphomolybdic/Phosphotungstic Acid 
was dropped onto slide surface and le� for 15 minutes. 
Aniline Blue was applied to slide surface for 8 minutes, 
then rinsed. Acetic Acid was applied to slide surface 
and incubated for 4 minutes. �e slide was placed in 
same alcohol solutions as before, then cleared and 
covered with cover glass.14,15
Collagen density examination

 Collagen density was measured using 
density quantitative measurement method by 
performing color thresholding with color deconvolu-
tion plugin in Fiji/ImageJ (developed by the National 
Institutes of Health, Bethesda, MD, USA).  Masson’s 
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Results
�e calculation of mean collagen density during 
wound healing process was measured using the same 
method. �e reliability test result was 0.912, indicating 
excellent agreement. �e presentation of mean 
collagen density in Rattus norvegicus on days 3, 7, and 
14 are shown in  �gure 1. �e histopathological appear-
ance is shown in �gure 2.
 �e Shapiro–Wilk test con�rmed that 
collagen density data on days 3, 7, and 14 were normal-
ly distributed (p > 0.05), and Levene’s test showed 
homogeneous variances (p > 0.05). One-way ANOVA 
revealed signi�cant di�erences in collagen density 
between groups on days 3 (p = 0.005), 7 (p < 0.001), 
and 14 (p = 0.009).Post Hoc LSD analysis showed that 
on day 3, treatment groups T1 (HA), T2 (probiotic), 
and T3 (combination) had signi�cantly higher collagen 
density than the control groups (p < 0.05), but no 
signi�cant di�erences were observed among T1, T2, 
and T3. On day 7, T3 exhibited signi�cantly higher 
collagen density than all other groups (p < 0.05). T1 
showed higher values than T2, T4 (PVP-I), and the 
negative control, but lower than T3. T2 was higher than 
control groups but lower than T1 and T3. On day 14, 
T3 again showed signi�cantly higher collagen density 
compared to T2, T4, and the negative control (p < 
0.05), but not signi�cantly di�erent from T1 (p > 0.05).

Discussion
Collagen density is an important indicator of tissue 
healing during the remodeling and maturation 
phases. Collagen �ber formation supports tissue 
strength at the wound site, with synthesis increasing 
during maturation.3,15 Healing begins when �brillar 
collagen interacts with blood, triggering platelet 
aggregation and chemotactic factor release that 
attract �broblasts. Collagen forms the extracellular 

matrix, facilitating granulation tissue and wound 
contraction.16,18 
 In this study, collagen density was 
measured quantitatively using Fiji so�ware on 
Masson’s trichrome-stained samples.19 On day 3, the 
combination therapy group (T3) showed higher 
collagen density than other groups but without 
statistical signi�cance (p > 0.05), consistent with 
previous �ndings that collagen forms thinly at this 
stage.20  On day 7, T3 exhibited signi�cantly higher 
collagen density compared to all other groups (p < 
0.05), including highly signi�cant di�erences versus 
untreated and PVP-I groups (p < 0.01). On day 14, 
T3 maintained signi�cantly higher density than 
probiotic (T2), negative control, and PVP-I (T4) 
groups (p < 0.05), but was not signi�cantly di�erent 
from HA (T1) (p > 0.05). �is suggests probiotics 
enhance HA’s e�ect on collagen synthesis. Previous 
studies show tissue remodeling follows proliferation 
phase, leading to maturation of dense collagen.18,21 
�e combination of HA and L. reuteri works syner-
gistically to accelerate healing by modulating in�am-
mation, promoting cell migration, and stimulating 
�broblast activity, resulting in increased collagen 
density on days 7 and 14.22

trichrome staining was identi�ed by blue color under 
400× light microscope. �e unit of collagen density in 
single �eld of view was expressed as the percentage area 
(area%).14
Statistical Analysis

 Data Analysis was performed using SPSS 
IBM statistics version 29.  Cell counts were obtained 
from observations of three interpreters. Inter-rater 
Reliability was assessed using Intraclass Correlation 
Coe�cient (ICC) to evaluate reliability among 
interpreters.  Normality and homogeneity tests were 
performed. One-way ANOVA test (parametric 
hypothesis test) was performed with 95% con�dence 
level (p < 0.05). Least Signi�cant Di�erence (LSD) post 
hoc test was conducted to identify signi�cant and 
non-signi�cant di�erences between groups.

Conclusion
�e results of this study support the theory that 
hyaluronic acid (HA) and L. reuteri probiotics can 
enhance collagen density during wound healing 
process through di�erent mechanisms, with HA 
accelerating extracellular matrix formation and L. 
reuteri improving immune response and tissue 
regeneration. �e combination therapy of both 
provides stronger synergistic e�ect, increasing 
collagen synthesis and accelerating wound healing 
compared to control groups.
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