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Objective Lactobacillus plantarum, a bacterium located in deep caries, has a virulence 
factor in the form of lipoteichoic acid (LTA), which is found in the bacterial cell wall. 
LTA is able to trigger a neutrophils response in the dental pulp inflammation process 
within the first 6 to 24 hours. The quantity of bacteria is one factor influencing the 
increase in number of neutrophils in addition to the quality of the bacteria. This study 
seeks to analyze the effect of lipoteichoic acid of Lactobacillus plantarum (LTA-Lp) in 
the dental pulp inflammation by observing the number of neutrophil cells in a histo-
pathological view.
Materials and Methods  The LTA was isolated from L. plantarum. The left upper 
molar of Rattus novergicus was mechanically perforated under anesthesia to induce 
dental pulp inflammation. The perforated tooth was then induced by 10 and 15 µg/mL 
of LTA-Lp and then restored by a temporary filling. The perforated tooth in the control 
group was only restored by a temporary filling. After 24, 48, and 72 hours, the tooth 
was extracted and then stained with hematoxylins and eosin to observe the neutro-
phils in the dental pulp via a light microscope.
Result  The number of neutrophils in the dental pulp after induction by 15 µg/mL 
of LTA-Lp is higher than 10 µg/mL of LTA-Lp and both controls. There were significant 
differences in the number of neutrophils in the dental pulp, in each group on 24, 48, 
and 72 hours after LTA-Lp inducing (p < 0.05).
Conclusion  The LTA-Lp dose of of 10 and 15 µg/mL affected the dental pulp inflam-
mation by affecting the number of neutrophils.
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Introduction
Dental pulp inflammation is the main response in teeth 
due to such injuries as trauma, chemicals, and microor-
ganisms.1 Caries are caused by bacteria and aciduric toxic 
products that can cause the demineralization of enamel.2  
Lactobacillus plantarum, a bacterium mostly found in deep 
caries and involves dentin,3 has lipoteichoic acid (LTA) and 
plays a role as a virulence factor. The lipoteichoic acid of 
Lactobacillus plantarum (LTA-Lp) has a trihexosyl-diacyl 
glycolipid structure; when it hits the pulp, it is received by 
odontoblasts, thus activating the dental pulp inflammation 
through Toll-like receptor 2 (TLR2) by activating the proin-
flammatory cytokines production.4

The first response to the inflammation is neutrophils 
recruitment at the site of inflammation. The neutrophil accu-
mulation during the inflammatory process aims to eliminate 
the cause, as well as necrotic cells and tissues, so the pro-
cess of wound healing and tissue repair may occur.5 During 
the first 6 to 24 hours, neutrophils dominate the inflamma-
tory infiltrate, replaced by macrophages in the next 24 to 
48 hours.6 In rabbits, researchers have different opinions con-
cerning the neutrophil life cycle over a period of 3 to 5 days.7

L. plantarumis gram-positive and facultative anaerobic 
bacteria have the ability to survive at a low pH.8 The virulence 
of bacteria is influenced by the LTA quality as well as quantity 
in terms of causing damage to the dental pulp.1 Other studies 
have postulated that using Streptococcus aureus lipoteichoic 
acid at a concentration of 10 µg/mL may effectively induce 
neutrophil activation; although at higher concentrations 
(20–100 µg/mL), it did not show a continued increase in neu-
trophil activation.9 But no studies have shown that effect of 
LTA-Lp can cause acute pulp inflammation. Hence, it is nec-
essary to analyze the effect of LTA-Lp of 10 and 15 µg/mL on 
dental pulp inflammation in Rattus novergicus by observing 
the number of neutrophil cells after 24, 48, and 72 hours.

Materials and Methods
Animals
The protocol of this study was approved by the Ethical Comm-
ittee Faculty of Dental Medicine, Universitas Airlangga, with 
registration number783/HRECC.FODM/XII/2019. This type of 
research is a laboratory experiment in vivo using white male  
R. novergicus with the following criteria:

	• The sex is male
	• The age of 24 to 32 weeks
	• Weight 270 to 350 g
	• The maxillary left first molar was fully developed and in 

good physical condition (no caries)

This study included 48 R. novergicus specimens with the 
number of each group at each observation time consisting of 
four rats. This study was divided into four groups with three 
observation times (24, 48, and 72 hours), namely:

	• Group A (negative control) animal without treatment
	• Group B (positive control), the left upper molar was mechan-

ically perforated and then filled with a temporary filling

	• Group C, the left upper molar was mechanically perfo-
rated, followed by LTA-Lp of 10 µg/mL induction and then 
filled with a temporary filling

	• Group D, the left upper molar was mechanically perfo-
rated, followed by LTA-Lp of 15 µg/mL induction and then 
filled with a temporary filling

Extraction and Purification of Lipoteichoic Acid of 
Lactobacillus plantarum
L. plantarum were cultured in a Mueller-Hinton broth (Biokar 
diagnostic, France) at 37°C and centrifuged at 150 rpm for 
24 hours. After reaching the end log phase, the 400 mL cul-
ture was then centrifuged at 4,000 rpm for 15 minutes at 4°C. 
Cells were then washed three times with 0.1 M tris-HCL buf-
fer, pH level of 8 (Furobro, France) and then resuspended at 
20 mL, 0.1 M acetate buffer, pH level of 4.7 (Fisher scientific, 
United Kingdom). Cells were mixed with N-Butanol and incu-
bated for 30 minutes at 37°C under agitation at 300 rpm.

The extraction process started with cells being centrifuged 
at 13,000 rpm for 15 minutes at 4°C. The aqueous phase was 
collected, resuspended again in 20 mL of 0.1M ammonium 
acetate buffer, pH level of 4.7, and then sonicated three times; 
each for 1 minute to break the cell walls. After sonication, the 
cell suspension was mixed with N-Butanol for 30 minutes 
at 37°C and centrifuged at 300 rpm to produce crude lipo-
teichoic acid. The fractions in each extraction were placed 
at pH 8.5 with NH3, incubated overnight at 37°C, and mon-
itored by gas chromatography mass spectrometry. The puri-
fication of lipoteichoic acid was achieved by adding a 0.1M 
ammonium acetate buffer with 15% N-Propanol (pH = 4.7)  
and then filtered.

Lipoteichoic Acid of Lactobacillus plantarum Dosages
The 0.4779 mg LTA-Lp were diluted with 1 mL of distilled 
water and shaken until homogeneous using a vibrator 
(Vortex). The LTA-Lp 10 µg/mL obtained from 20 µL of LTA-Lp 
solution was put into Eppendorf and then 780 mL of dis-
tilled water were added and shaken until homogeneous.  
The LTA-Lp of 15 µg/mL obtained from 30 µL of LTA-Lp was 
put into Eppendorf; thereafter, 770 mL of distilled water 
were added and shaken until homogeneous.10

Lipoteichoic Acid of Lactobacillus plantarum Induction 
Procedure
Each R. novergicus was anesthetized with Ketamine HCL 
(Ketalar, Warner Lambert, Ireland, 70 mg/kg body weight) 
and Xylazine base (Xyla, PT Tekad Mandiri Citra, 7 mg/kg 
body weight) dissolved in phosphate buffer saline according 
to the group of observation hours.

The dental pulp inflammation was created in the left upper 
molar by opening the pulp chamber using a round bur and 
high-speed rotary instrument.11 LTA-Lp was administered at 
a dose of 10 and 15 µg/mL as much as 1 µL of micropipette 
using a sterile paper point on the surface of the perforated 
pulp chamber; this was repeated five times. The cavity was 
then cleaned with a cotton pellet, filled with a temporary 
filling (Cention-N, Ivoclar Vivadent, Liechtenstein), and then 
irradiated with a light cure technique for 40 seconds.10,12  
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After 24, 28, and 72 hours of this procedure, the left upper 
molar was extracted under anesthesia.

Analysis of the Number of Neutrophils on Dental Pulp
The histological preparations were made by hematoxylins 
and eosin (HE) staining the tooth specimen, and the num-
ber of neutrophils in each group was analyzed on dental 
pulp. The histopathology of pulp tissue was observed via a 
Nikon E100 light microscope starting at ×400 magnification 
of 10 fields of view to see the type of histological section of 
dental pulp in the area of ​​perforation.

Data Analysis
The results of the study were calculated as mean and standard 
deviation. The normality test used the Kolmogorov–Smirnov 
test, followed by the homogeneity test using the Levene 
test. The parametric test was performed by using a one-way 
ANOVA test and a post hoc test with p <0.05 considered as a 
significant difference.

Results
The Number of Neutrophils on Dental Pulp
The number of neutrophils was analyzed in dental pulp in 
the area of ​​perforation (black arrow; ►Fig. 1). The number of 
neutrophils in the LTA-Lp 15 µg/mL (Group D) is higher com-
pared LTA-Lp of 10 µg/mL (Group C), control positive (Group 
B), and control negative (Group A).

The observation after 24, 48, and 72 hours induced by 
LTA-Lp, and the number of neutrophils in the LTA-Lp 15 of 
µg/mL (Group D) is higher compared with LTA-Lp 10 µg/mL 
(Group C), control positive (Group B), and control nega-
tive (Group A; p = 0.003; p = 0.005; p = 0.003; respectively; 
►Table 1).

Discussion
L. plantarumis the second-most common bacteria after 
Lactobacillus acidophilus, which dominates in the border area 
of ​​the dentin and pulp.13 Dental pulp inflammation in this 
study occurred due to LTA-Lp. The LTA is the L. plantarum cell 
wall component, which is able to attach to host cells caus-
ing an inflammatory response.4 When exposed to LTA-Lp or 
mechanical lesions (dental pulp perforation), the number of 
neutrophil cells will increase. The number of neutrophils in 
the homeostatic condition and no inflammatory condition is 
found more than 50% of all leukocytes in the bloodstream. 
The average neutrophil produced in the bone marrow 
reaches 1011 cells/day before finally being released into the 
bloodstream and circulating in the blood for 6 to 12 hours; 
thereafter, the neutrophils will go to all tissues.14,15

In the dental pulp induced by LTA-Lp 10 and 15 µg/mL, the 
number of neutrophils was higher than the mechanical per-
foration. This was because LTA-Lp has toxic properties, is able 
to stimulate inflammatory responses, and can survive in an 
acidic environment up to a pH of 2.2.16,17 The inflammatory 
response begins with a vascular response, in which the blood 
vessels undergo a vasoconstriction, decreasing the blood 
flow; thereafter, the blood vessels undergo a vasodilation 
phase, an increase in permeability, and an increase capillary 
blood flow, causing a migration of neutrophils to the intersti-
tial tissue through the opening of the endothelial interspace 
of the blood vessels.18 Neutrophils act as the first defense of 
the innate immunity to eliminate lesions. Neutrophil cells are 
in the blood vessels and, as the body’s first form of defense 
against bacterial injury, will increase if there is a bacterial 
injury. In most cases of acute inflammation, neutrophil cells 
predominate in the first 6 to 24 hours and will be replaced by 
macrophages in the next 24 to 48 hours.19

This study also found that the number of neutrophils in 
the LTA-Lp of 15 µg/mL is higher than in LTA-Lp of 10 µg/mL. 
This is influenced by the virulence of L. plantarum, including 
the quantity of bacteria (dose or concentration).1 Moreover, 
LTA from gram-positive bacteria such as L. plantarum, as a 
virulence factor with the main components of the cell wall 
containing phosphate and glycolipids, can trigger the neu-
trophil and macrophage recruitment.20 Odontoblasts are 
known to play an important role in activating innate immu-
nity and adaptive immune response.21 LTA-Lp will be specif-
ically recognized by TLR2 on the surface of odontoblast cells 
through the trihexosyl-diacyl structure in the LTA.4 When 
there is a lesion, neutrophils will accumulate in the tissue 
exposed to the injury to carry out its phagocytosis function 
and mediate the presentation of LTA through TLR2 by macro-
phages.22 The TLR2 activation will mobilize MyD88 to initiate 
mitogen-activated protein kinase and nuclear factor kappa 
β activation, thus inducing the release of proinflammatory 
cytokines such as interleukin 8 (IL-8), IL-1, and tumor necro-
sis factor α.20,23-25 The release of IL-8 has a role in inducing the 
release and activation of neutrophils in the inflammation of 
dental pulp; this event will be repeated until the neutrophils 
complete their task before being replaced by macrophages.26

Fig. 1  The number of neutrophils (black arrows) in the dental pulp 
on the perforated area. The analyses used hematoxylin and eosin 
staining with light microscope on ×400 magnification.
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The LTA-Lp dose of 10 and 15 µg/mL affected the dental 
pulp inflammation by increasing the number of neutro-
phils after 24, 48, and 72 hours. The results of this study 
are expected to provide knowledge about the virulence of  
L. plantarum. Consequently, in the treatment of dental disor-
ders such as deep caries, a material that can inhibit the devel-
opment of the L. plantarum can be given.

The limitation of this study is analyzed the number of neu-
trophils after LTA-Lp induction, so that it cannot see the over-
all response to inflammation and the mechanisms involved. 
The future study requires confirmation of the overall cellular 
response and the mechanism involved of LTA-Lp in the dental 
pulp inflammation.

Conclusion
The LTA-Lp dose of 10 and 15 µg/mL affected the dental 
pulp inflammation by increasing the number of neutrophils 
after 24, 48, and 72 hours.
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