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ABSTRACT

Introduction: Gingivitis is an inflammatory gingival disease associated
with local factors, medication use, and malnutrition. Aloe vera (Aloe
barbadensis Miller) contains flavonoids, tannins, saponins, polyphenols,
and steroids with potential anti-inflammatory effects. This study aimed
to determine the effect of aloe vera extract at concentrations of 50%,
75%, and 100% on neutrophil and macrophage counts in a gingivitis
model of male Wistar rats.

Materials and Methods: This laboratory experimental study used a
posttest randomized controlled group design involving 48 male Wistar
rats divided into four groups: negative control and gingivitis groups
treated with 50%, 75%, or 100% aloe vera extract. The extract was
applied topically to the mandibular anterior gingiva twice daily for five
days. Tissue samples were collected on days 3 and 5 and stained with
hematoxylin and eosin. Data were analyzed using two-way ANOVA and
Bonferroni tests (p<0.05).

Results and Discussion: Topical aloe vera extract significantly reduced
inflammatory neutrophil and macrophage counts (p<<0.001). On day 5,
mean neutrophil counts were 0.67, 0.17, and 0 cells/mm? in the 50%,
75%, and 100% groups, respectively. Mean macrophage counts were 1,
0.3, and 0 cells/mm?, respectively.

Conclusion: Topical aloe vera extract demonstrated anti-inflammatory
activity, with 75% and 100% concentrations being the most effective in
reducing inflammatory cell counts in gingivitis.

Corresponding Author:

Refika Ananta

Undergraduate Program, Faculty of Dentistry
Universitas Baiturrahmah, Padang, Indonesia
Email: refikaanantal45@gmail.com

How to cite this article: Anggraini N, Ananta R, Orienty FN. The Effect of Aloe Vera (Aloe barbadensis Miller) Extract on the Number
of Inflammatory Cells (Neutrophils and Macrophages) in the Gingivitis Model (Rattus norvegicus) Wistar Rat Model. Interdental Jurnal
Kedokteran Gigi. 2026;22(2):291-8. doi: 10.46862 /interdental.v22i2.13384

Copyright: ©2026 Refika Ananta This is an open access article distributed under the terms of the Creative Commons Attribution-
ShareAlike 4.0 International License. Authors hold the copyright without restrictions and retain publishing rights without restrictions.

Interdental Jurnal Kedokteran Gigi (IJKG), Volume 22, Issue 2, August 2026 291


https://issn.perpusnas.go.id/terbit/detail/1326261375
https://issn.perpusnas.go.id/terbit/detail/1562126962

INTRODUCTION

Gingivitis is one of the most common oral
health problems in society, with a very high preva-
lence. This disease is a periodontal disease charac-
terized by inflammation of the gingival tissue due
to the accumulation of plaque. Bacterial plaque
and other local and systemic factors. Gingivitis is
reported to affect a large portion of the world's
population and is the second most common oral
disease after dental caries, making it a significant
public health problem.12

Excessive and persistent inflammatory re-
sponse in the gingival tissue. Inflammation is the
body's defense mechanism against harmful stimuli
such as microorganisms and irritants, but if it per-
sists, it can cause tissue damage. In gingivitis, the
inflammatory process is characterized by an in-
crease in the number of inflammatory cells, partic-
ularly neutrophils and macrophages, which play a
key role in phagocytosis and the release of inflam-
matory mediators.3#4

Neutrophils are the first inflammatory cells to
migrate to the site of inflammation and dominate
the inflammatory response in the early phase, while
macrophages play a role in further phagocytosis, se-
cretion of cytokines, and activation of the immune
response. Uncontrolled activity of these two cells
can worsen the condition of gingival tissue and ac-
celerate the progression of gingivitis to more severe
periodontal disease.>6

The urgency of treating gingivitis is becoming
increasingly important because the disease often
doesn't cause painful symptoms in its early stages,
leaving many sufferers unaware of their condition.
Ifleft untreated, gingivitis can progress to periodon-
titis, which causes damage to the supporting tissues
of the teeth, tooth loss, and decreased chewing func-

tion. This situation emphasizes the importance of
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early control of gingival inflammation to prevent
more serious complications.l?

Various previous studies have examined the use
of natural ingredients as an alternative therapy. One
of the anti-inflammatory properties is aloe vera
(Aloe barbadensis Miller). Aloe vera is known to
contain active compounds such as flavonoids, tan-
nins, saponins, polyphenols, and steroids, which
have anti-inflammatory and antibacterial activity
and play a role in tissue regeneration.8® Carolia and
Sukohar?0 also reported that 100% aloe vera extract
was the most effective at reducing the number of
macrophages in the inflamed oral mucosa of male
Sprague-Dawley rats.10 In addition, Andri et al.l!
found that aloe vera extract can increase TGF-f3 lev-
els, which play a role in the tissue healing process.!1

However, there are still gaps in previous re-
search. Most previous studies have only assessed
one type of inflammatory cell, used different models
of inflammation, or did not specifically evaluate gin-
givitis as a research object. Furthermore, there is
still limited research examining the effectiveness of
various concentrations of aloe vera extract on the
number of neutrophils and macrophages simulta-
neously in gingival tissue. Therefore, this study has
the advantage of examining the effect of aloe vera
extract at several concentrations on two main types
of inflammatory cells in a gingivitis model, so it is
hoped that it can provide a stronger scientific basis
for the use of aloe vera as an alternative anti-inflam-

matory therapy in periodontal disease.

MATERIALS AND METHODS

This research is experimental and was con-
ducted in a laboratory using a posttest randomized
controlled group design. The study aimed to assess
the effect of administering aloe vera extract (Aloe
barbadensis Miller) on the number of inflammatory

cells, namely neutrophils and macrophages, in a
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gingivitis model. The study population was male
Wistar rats (Rattus norvegicus). Male rats were se-
lected to avoid biological variations due to hormo-
nal cycles. The research sample was obtained using
a random sampling technique, with inclusion crite-
ria of rats aged 3-4 months, weighing 200-250
grams, and in good health. The sample size was de-
termined using Federer’s formula, (n-1)(t-1) = 15,
where t is the number of treatment groups (t = 4);
this calculation resulted in a minimum of six repli-
cates per group, which was doubled to 12 rats.13 A
total of 48 rats were randomly divided into four
groups: a negative control group (Vaseline flava)
and three treatment groups, each of which was
given aloe vera extract with concentrations of 50%,
75%, and 100%, with each group consisting of 12
rats (six rats were decapitated for tissue sampling
on day 3 and the other six on day 5).

The main material for this study was aloe vera
leaves (Aloe barbadensis Miller) obtained from Te-
luk Bayur Village, South Padang District, West Su-
matra, and which underwent an identification
process at the Herbarium Laboratory of Andalas
University. Experimental animals were obtained
from the Pharmaceutical Laboratory of Perintis In-
donesia University, Padang. The chemicals used in-
cluded 96% ethanol as a solvent, Vaseline flava as a
thickening agent, buffered formalin 10%, nitric acid
25%, hematoxylin-eosin, xylol, Canada balsam, and
ketamine as an anesthetic agent. The tools used in-
clude a blender, Erlenmeyer flask, rotary evapora-
tor, water bath, microtome, light microscope,
mouse cage, silk ligature 3.0, and other histopathol-
ogy equipment.

Aloe vera extract was made using the macera-
tion method. The aloe vera flesh was air-dried,
ground using a blender, and then soaked in 96%
ethanol for 72 hours at room temperature. The mac-

eration filtrate was then prepared. Evaporated

using a rotary evaporator and then concentrated us-
ing a water bath until a thick extract was obtained.
The extract was then made in three concentrations,
namely 50%, 75%, and 100%, with the addition of
Vaseline and flava as a thickener for topical applica-
tions.

Gingivitis induction was carried out by in-
stalling a 3.0 silk ligature on the neck of the anterior
teeth of the lower jaw of mice for six days to trigger
accumulation.’® Plaque and inflammatory response.
After clinical signs of gingivitis, including erythema,
edema, and gingival bleeding, developed, treatment
was administered according to each group. Aloe
vera extract was applied topically to the gingiva
twice daily for five days. Gingival tissue was col-
lected on days 3 and 5 after treatment for histo-
pathological examination.

Tissue collection was performed by euthanizing
the rats with a lethal dose of ketamine on days 3 and
5 after treatment, with six rats per group decapi-
tated at each time point. Gingival tissue from the an-
terior region of the lower jaw was excised and fixed
in 10% buffered formalin for 24 hours, followed by
decalcification in 25% nitric acid for 24 hours. The
specimens were sectioned, dehydrated through a
series of graded ethanol solutions (70-100%),
cleared in toluene and xylene, and embedded in par-
affin blocks. Paraffin sections were cut using a mi-
crotome and stained with hematoxylin and eosin for
histopathological examination.1415

A histopathology observation sheet was used
to count neutrophils and macrophages in hematox-
ylin-eosin-stained gingival tissue preparations. Ob-
servations were made using a light microscope at
40x magnification in five fields of view. This study
was conducted in January 2025 at the Pharmaceuti-
cal Laboratory of Perintis Indonesia University and

related histopathology laboratories in Padang City.
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Data analysis was performed quantitatively.
The inflammatory cell count data were tested for
normality using the Kolmogorov-Smirnov test and
for homogeneity using the Levene test. If the data
met the assumptions of normality and homogene-
ity, the analysis was continued using a two-way
ANOVA to determine the mean differences be-
tween groups and observation time. A Bonferroni
post hoc test was performed if there were signifi-
cant differences, with a significance level of
p<0.05.

This research has obtained ethical approval
and has been declared ethically sound by the au-
thorized Health Research Ethics Commission, as
stated in the Ethical Clearance Certificate No.
A.007/KEPKFKGUNBRAH/X1/2024. This ethical
clearance statement must be included in the scien-
tific article manuscript as a form of compliance
with the ethical principles of experimental animal

research.

RESULTS AND DISCUSSIONS

Clinical observations showed thatligation of the
anterior region of the lower jaw in rats for 6 days
successfully triggered clinical signs of gingivitis,
namely gingival swelling, reddish discoloration of
the gingiva, and mild bleeding on exploration.

The gingival tissue of mice that had experienced
gingivitis was removed by ligation thread, followed
by treatment with a negative control in the form of
Vaseline flava and aloe vera extract with concentra-
tions of 50%, 75%, and 100% in different groups.
This treatment was carried out twice daily for 5
days. Tissue sampling was carried out on the 3t and
5th days after gingivitis induction for analysis using
a gingivitis preparation. Histology, from the results
of histological observations, the average number of
neutrophil and macrophage cells was obtained as

follows:
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Table 1 Average number of neutrophil cells

Group Day 3 Day 5

Negative control ~ 1.67 cells/mm?®  1.67 cells/mm?
Extract 50% 0.83 cells/mm*®  0.67 cells/mm?
Extract 75% 0.67 cells/mm*®  0.17 cells/mm?
Extract 100% 0.17 cells/mm*® 0 cells/mm?

Average number of neutrophil cells

18 167 167

16
14
12
1 033
08 0.67 0.67
06
04
0.17 017
0

Negative control Aloe vera extract 50% Aloeveraextract  75%  Aloe veraextract  100%

mDay3 WDay$

Figure 1. Average Number of Neutrophil Cells

Microscopic observations with 40x magnifica-
tion shown in the table and graph of the average
number of neurophil, it can be seen that the inflam-
matory cells decreased in the 50%, 75%, and 100%
aloe vera extract groups from the 3 to the 5t day
with a significant decrease seen in the 100% con-
centration aloe vera extract treatment group, while
in the negative control group the number of neutro-

phils did not decrease.

Table 2. Average number of macrophage cells

Group Day 3 Day 5
Negative Control 2.5 cells/mm? 2.5 cells/mm?®
Extract 50% 1.83 cells/mm*® 1 cells/mm?®
Extract 75% 1.17 cells/mm*® 0.3 cells/mm?
100% Aloe Vera 0.67 cells/mm*® 0 cells/mm?
Extract

Average number of macrophage cells
25 »5

2,5

5 1.83
1 I . L17

! I 0.67
0,5 03

D I L

Aloe vera extract Aloe vera extract Aloe vera extract
50% 75% 100%

Negative control

mDay3 mDay5

Figure 2. Average Number of Macrophage Cells
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Microscopic observations with 40x magnifica-
tion shown in the table and graph of the average
number of macrophage cells, it can be seen that the
inflammatory cells decreased in the 50%, 75%,
and 100% aloe vera extract groups from the 3rd to
the 5t day with a significant decrease seen in the
100% concentration aloe vera extract treatment
group, while in the negative control group the
number of macrophage cells did not decrease.

Clinical observations of the anterior mandibu-
lar gingiva of rats after the fifth day of treatment
revealed that the gingiva was no longer swollen, its
color returned to its original state, with the red-
ness disappearing, and no bleeding was observed.
This indicates that the gingivitis inflammation that
occurred in the rats' gingiva had disappeared as a
result of the treatment.

Normality test using the Kolmogorov-Smirnov
test showed a significance value of 0.071 (p > 0.05),
which indicates that the data is normally distrib-
uted. In addition, the results of the homogeneity
test. The variance analysis using Levene's test
yielded a significance value of 0.148 (p > 0.05), in-
dicating that the data had homogeneous variance,
and thus both assumptions for parametric analy-
sis, namely normality and homogeneity, were met.
The data can then be further analyzed using para-
metric tests. Two-way ANOVA to determine the ef-
fect of two independent variables on the

dependent variable.

Table 3. Two-Way ANOVA test results for neutro-
phil cell count

Source F Sig
Treatment 19.215 0.000*
Time 2.816 0.101
Treatment-Time 1.743 0.174

Description: F: Calculated F value; *: (p < 0.05)

The Two-way ANOVA test in Table 3 shows a

significant difference (p < 0.05) in the number of

neutrophils between treatment groups. This indi-
cates that the treatment given affects the number
of neutrophil infiltration. Furthermore, to deter-
mine which groups have significant differences, a

Bonferroni post hoc test will be performed.

Table 4. Summary of Post Hoc test results of Bon-
ferroni neutrophil cell count

Treatment Group P

Negative Control - 50% 0.004*

Negative Control - 75% 0.000*

Negative Control - 100% 0.000*
50%-75% 0.292
50%-100% 0.009*
75%-100% 1.000

Description: -: Interaction; * : Significant difference (p < 0.05)

The Bonferroni Post hoc test in Table 4 shows
that the negative control group had a significant
difference with the other three treatment groups,
which was indicated by no decrease in the number
of neutrophils. The 50% aloe vera extract treat-
ment group did not show a significant decrease in
neutrophil cells compared to the 75% treatment
group, but there was a significant difference in the
decrease compared to the 100% treatment group.
Meanwhile, the 75% aloe vera extract treatment
group did not show a significant difference in the
decrease in neutrophils compared to the 100%
treatment group. These results indicate that in-
creasing the treatment concentration has a more
pronounced effect up to a certain concentration.

Normality test using the Kolmogorov-Smirnov
test showed a significance value of 0.200 (p > 0.05),
which indicates that the data are normally distrib-
uted. In addition, the results of the homogeneity
test and the variance analysis using Levene's test
yielded a significance value of 0.270 (p > 0.05), in-
dicating that the data had homogeneous variance,
thus fulfilling both assumptions for parametric
analysis, namely normality and homogeneity. The

data can then be further analyzed using parametric
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tests. Two-Way ANOVA to determine the effect of
two independent variables on the dependent vari-

able.

Table 5. Two-Way ANOVA test results for macro-
phage cell count

Source F Sig
Treatment 25.069 0.000*
Time 8.711 0.005*
Treatment-Time 1.151 0.340

Description: - : Interaction; F : Calculated F Value; *: (P < 0.05)

The two-way ANOVA test in Table 5 shows a
significant difference (p < 0.05) in the number of
macrophages between treatment groups and ob-
servation time. This indicates that the treatment
and observation day given influence the number of
macrophage cell infiltration. Furthermore, to de-
termine which groups have significant differences,

a Bonferroni post hoc test will be performed.

Table 6. Summary of Bonferroni macrophage cell
count Post Hoc test results

Treatment group p
Negative control - 50% 0.001*
Negative control - 75% 0.000*
Negative control - 100% 0.000*
50%-75% 0.084
50%-100% 0.002*
75%-100% 1.000

Description: -: Interaction; *: Significant difference (p < 0.05)

The Bonferroni Post hoc test in Table 6 shows
that the negative control group had a significant
difference with the other three treatment groups,
which was indicated by no decrease in the number
of macrophages. The 50% aloe vera extract treat-
ment group did not show a significant decrease in
macrophages compared to the 75% treatment
group, but there was a significant difference in the
decrease compared to the 100% treatment group.
Meanwhile, the 75% aloe vera extract treatment
group did not show a significant difference in the

decrease in macrophages compared to the 100%

Anggraini N, Ananta R, Orienty FN

treatment group. These results indicate that in-
creasing the concentration per treatment provides
a more significant effect up to a certain concentra-
tion.

The results of this study indicate that the ad-
ministration of aloe vera extract (Aloe barbadensis
Miller) reduces the number of inflammatory cells,
namely neutrophils and macrophages, in the gingi-
val tissue of mice with gingivitis. The decrease in
the number of inflammatory cells is clearly visible
in the treatment group compared to the negative
control group, both on the 3rd and 5t day of obser-
vation. This indicates that aloe vera extract has
anti-inflammatory activity that can control the in-
flammatory response in gingival tissue.

Analysis showed a decreasing trend in the
number of neutrophils in the treatment group as
the concentration of aloe vera extract increased.
The most significant decrease was seen in the
group given the extract at a concentration of
100%, especially on the 5t day of observation.
This finding indicates that the anti-inflammatory
effect of aloe vera is dose-dependent, with higher
concentrations providing an inhibitory effect on
inflammation. A decrease in the number of neutro-
phils reflects a reduced inflammatory response,
which usually dominates the early phase of gingi-
vitis.35

Similar results were also found in the number
of macrophages. The treatment group showed a
lower number of macrophages than the control
group, especially on the 5% day after treatment.
This decrease indicates that the continued inflam-
matory process and the release of pro-inflamma-
tory mediators can be controlled by administering
aloe vera extract. Macrophages are known to play
a crucial role in maintaining chronic inflammation
through their secretion of cytokines such as TNF-«a

and IL-1pB, so a decrease in the number of these
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cells is an important indicator of inflammation res-
olution. 4617

Biologically, the anti-inflammatory effects of
aloe vera extract can be explained by its active
compounds. Aloe vera contains flavonoids, sapo-
nins, tannins, polyphenols, and steroids, which are
known to inhibit the cyclooxygenase and lipoxy-
genase pathways, reduce prostaglandin produc-
tion, and inhibit thrombosis, migration, and
activation of inflammatory cells. Furthermore, the
active compounds in aloe vera also play a role in
enhancing tissue regeneration and accelerating
wound healing. 810

The findings of this study align with previous
research that reported that aloe vera has potential
as a natural anti-inflammatory agent. Research by
Sari et al. (2018) showed that administering aloe
vera juice can reduce the number of leukocytes in
mice experiencing inflammation.!? Carolia and Su-
kohar!0 also reported that aloe vera extract with
high concentrations was effective in reducing the
number of macrophages in an inflammation
model. oral mucosa.l® In addition, Andri et al.ll
found that aloe vera extract can increase TGF-f3
levels, which play a role in the tissue healing pro-
cess, thereby supporting the resolution of inflam-
mation.!!

Although the results of this study are con-
sistent with previous research, this study provides
complementary evidence by specifically examin-
ing the two main types of inflammatory cells (neu-
trophils and macrophages) simultaneously in a
specific model of gingivitis, rather than presenting
this dual assessment as a new technique. Since
neutrophils and macrophages play roles in differ-
ent phases of the inflammatory response, evaluat-
ing both simultaneously provides a more
comprehensive picture of the anti-inflammatory

mechanisms of aloe vera compared to evaluating

only one cell type, as was done in most previous
studies.

However, this study also has limitations. Ob-
servations were only conducted at two time points,
on days 3 and 5, so the dynamics of inflammation
in the early and later resolution phases cannot be
fully described. Furthermore, this study did not
evaluate the molecular expression of inflamma-
tory mediators, such as proinflammatory cyto-
kines, which can provide a deeper understanding
of the mechanism of action of aloe vera extract.

Overall, the results of this study indicate that
aloe vera extract is effective in reducing the num-
ber of neutrophils and macrophages in gingivitis,
especially at high concentrations and over a longer
observation period. These findings strengthen sci-
entific evidence that aloe vera has the potential to
be developed as a safe and effective natural alter-
native therapy for controlling gingival inflamma-
tion and can serve as a basis for further research in

dentistry and periodontal health.

CONCLUSION

This study concluded that aloe vera (Aloe bar-
badensis Miller) extract reduced the number of
neutrophils and macrophages in the gum tissue of
Wistar rats with gingivitis, with the greatest effect
observed at concentrations of 75% and 100% on
day 5. These findings provide experimental evi-
dence supporting the potential use of aloe vera as
a natural anti-inflammatory agent for periodontal

therapy.
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