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The expression of interleukin‑1β and nuclear factor 
erythroid‑2 in the periodontitis after treatment of 

liquid smoke rice hull

Abstract

Nonsurgical treatment such as scaling and root planing has been the main therapy of 
periodontal management. However, some individuals are nonresponsive with only 
mechanical therapy. Rice hull liquid smoke (RH‑LS) with higher of phenolic compound 
supposed to interfere with inflammation process. Thus, the purpose of this study 
is to investigate the anti‑inflammation properties of RH‑LS for chronic periodontitis 
adjunct therapy by observing the expression of nuclear factor erythroid‑2 (Nrf‑2) 
and interleukin‑1β (IL‑1β). Two groups of Wistar rats were used. Control group was 
induced by 1 × 109 colony‑forming unit (CFU)/ml Porphyromonas gingivalis (PG) and 
treated with aquadest for 2 and 7 days. Meanwhile, the other group was induced by 
1 × 109 CFU/ml PG and treated with RH‑LS for 2 and 7 days. Two central incisive/
mandibulae were dissected and stained with immunohistochemistry for analyzed the 
expression of Nrf‑2 and IL‑1β. Data were then analyzed statistically using independent 
t‑test (P = 0.05). Treatment with RH‑LS for 7 days showed lower expression of 
IL‑1β (4.00 ± 1.58) than control group (13.60 ± 2.70) and showed higher expression of 
Nrf‑2 (11.60 ± 1.95) than control group (4.20 ± 1.64) (P = 0.000) (P < 0.05). Treatment 
of RH‑LS for 2 days showed higher expression of Nrf‑2 (2.20 ± 1.31) than control 
group (6.80 ± 1.92) (P = 0.003) (P < 0.05). RH‑LS showed anti‑inflammation properties 
by elevating the expression of Nrf‑2 and depressing expression of IL‑1β in periodontitis 
induced by PG.
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INTRODUCTION

Periodontitis is a chronic inflammatory disease that causes 
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the destruction of the tooth-supporting structures such 
as the gingiva, periodontal ligament, and the alveolar 
bone. Dental plaque or tooth biofilm is required to induce 
this disease, but the main cause for destruction of the 
periodontal tissue is the host inflammatory response.[1,2] 
Periodontitis affects about 20%–50% of global population 
both in developing and developed countries. Periodontitis is 
a cause of tooth loss and is considered one of the two highest 
prevalence of disease in the oral cavity.[3] This infectious 
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disease is caused by mixed microbial etiology such as 
Porphyromonas gingivalis (PG) that has been associated with 
many cases of chronic periodontitis. PG can internalize into 
human gingival fibroblast in vitro and survive antibiotic 
treatment.[4] The presence of infection from PG, either in 
the form of bacteria or its lipopolysaccharide (LPS) product, 
against the gingival epithelial tissue will be recognized by 
the toll-like receptor 2 (TLR2) or TLR4 and  causing the 
activation of the nuclear factor kappa B (NF-κB) pathway 
by releasing the inhibitor NF-κB (IkBα) thus NF-κB will 
enter the nucleus. Activation of NF-κB into the nucleus 
will initiate the transcription and translation processes 
of inflammatory mediators, including pro-inflammatory 
cytokines such as interleukin-1β (IL-1β).[5]

The main therapy for this disease is to remove the bacterial 
load. Still, the pathogenic microbes become more complex 
time to time and trigger different host inflammatory 
responses in each individual, so administration of adjunct 
therapy to controlling bacterial infections and inflammatory 
processes is needed.[6] Adjunctive theraphy strategies, such 
as anti-inflammatory and anti-bacterial properties, like 
chlorhexidine gluconate.[7] However, these materials have 
numerous adverse effects and most importantly an increase 
in bacterial resistance against antibiotics highlights the need 
for the development of novel adjunctive strategies for the 
treatment and prevention of this prevalent disease.[8]

Traditional medicine or phototherapeutics have become 
a clinical interest. Because this material contains many 
compounds that appear to provide a variety for oral health 
benefits. One of the natural ingredients known to have 
many benefits in accelerating the healing process is liquid 
smoke (LS).[8] LS is a liquid of wood smoke, which is made 
by condensing the smoke of the incomplete combustion 
of wood that is burned indirectly at high temperatures. 
LS contains many compounds that can be grouped into 
acids, carbonyl and phenol. This compound could act as 
an antimicrobial and antioxidant agent while giving flavor 
and color formers.[9] LS can be produced from rice hull (RH), 
coconut shell, walnut, and oil palm shell. In Indonesia, this 
liquid is usually used as a traditional preservative agent for 
meat, chicken, fish, and processed meat.[10]

In a previous study, RH-LS contains 161 compounds. Both 
in cell and animal studies showed that the RH-LS exhibited 
strong anti-inflammatory, anti-allergic, and antioxidative 
activities.[11] However, this potential is still not explored 
and analyzed extensively. The anti-inflammatory effect 
of RH-LS inhibits the formation of cytokines such as 
tumor necrosis factor (TNF-α), interleukin-1α (IL-1α), 
and IL-6.[10,12] This LS has the potential to accelerate the 
healing process by increasing fibroblast and collagen 
formation.[10,13] These potentials may be related to several 
types of phenol compounds with low molecular weight. One 
of the compounds contained in RH-LS is 4-ethylguaiacol 

and 4-methylguaiacol. In particular, these compounds 
significantly increase the expression and activation of the 
nuclear factor erythroid-2/heme oxygenase-1 (Nrf-2/HO-1) 
and inhibit the NF-κB/IkBα signaling pathway.[5,14] These 
phenol compounds will increase the production and release 
of Nrf-2 into the nucleus and will express HO-1 which 
functions to prevent the phosphorylation of NF-κB/IkBα, 
thereby reducing NF-κB activation and its translocation 
to the nucleus, finally suppressing the development of 
inflammation.[15] Thus, the purpose of this study is to 
investigate the anti-inflammation properties of RH-LS for 
chronic periodontitis adjunct therapy by observing the 
expression of Nrf-2 and IL-1β.

MATERIALS AND METHODS

Rice hull liquid smoke
The RH is used from the species Oryza sativa. RH liquid 
smoked is obtained from RH through a pyrolysis process 
with a burning temperature of 400°C for 8 h, then 
condensation is carried out using a condenser, and after that, 
the distillation process is carried out using a temperature 
of 120°–150°C.[16]

Experimental animals
This research has received ethical permission from the 
Health Experiment Committee, Faculty of Dental Medicine, 
Universitas Airlangga in Surabaya, with registration 
number 160/HRECC.FODM/III/2020. The experimental 
animals used were male Wistar rats (Rattus norvegicus) aged 
5–6 months with a weight ranging from 250 to 300 g. The 
rationale for choosing age was based on previous studies 
where the size of the mandibles and gingiva was considered 
sufficient for bacterial and application.[17]

Periodontitis model
This study uses an induction technique which is based on 
previous research.[18] In this model, a stimulus (live bacteria) 
is injected directly into the connective tissue between the 
two mandibular incisors. Each mouse was given an injection 
of live PG (Pg ATCC 33277) as 1 × 109 colony-forming 
unit (CFU) in 20-µl phosphate-buffered saline using a 0.5-cc 
syringe in the gingival sulcus on the mesial side of the 
mandibular central incisor. Bacterial injections are carried 
out every 3 days for 2 weeks. On the 14th day after bacterial 
induction, clinical signs of periodontitis will be seen as 
gingiva is reddish in color and swelling of the interdental 
incisive central mandibular area.

Treatment with RH-LS and aquadest (control) to animals 
was carried out by the method described by Santos et al.[19] 
RH-LS was slowly applied into the periodontal pocket 
using a 1-ml syringe and a needle (0.04 mm × 13 mm) 
(Terumo, Japan) without a bevel. During the application 
process, the oropharyngeal region of the experimental 
animals was covered with sterile gauze to prevent ingested 
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RH-LS. This application was carried out for 2 and 7 days 
in each observation group. The dosage used is 20 µL/20 g 
body weight.[12]

Expression of nuclear factor erythroid‑2 and 
interleukin‑1β
After being treated for 2 and 7 days, the rats were terminated 
and their central incisive and alveolar bone was subjected 
to biopsy before an immunohistochemistry staining to 
determine the expression of Nrf-2 (anti‑Nrf‑2, polyclonal, 
antibodies-online GmbH, Germany) and IL-1β (anti-IL‑1β, 
polyclonal,  antibodies-online  GmbH,  Germany).  All 
measurements were done using light microscope (Nikon 
H600 Lu microscope, Nikon, Japan) with a magnification 
of × 400 at five fields of view with a single-blind operator.

Statistical analysis
The data were shown in the form of mean ± standard 
deviation (X + standard deviation) for each group and 
each measurement. Then, the data were analyzed using 
independent t-test; the significance was set at P < 0.05.

RESULTS

Expression of interleukin‑1β
The expression of IL-1β is presented in Figure 1. The 
expression of IL-1β showed lower in the treatment of 
RH-LS compared to control group. Treatment with RH-LS 
for 2 days showed no difference compared to control 
group (P = 0.070). Only treatment for 7 days showed lower 
expression of IL-1β in the treatment with RH-LS (4.00 ± 1.58) 
than control group (13.60 ± 2.70) (P = 0.000) [Figure 2].

Expression of nuclear factor erythroid‑2
The expression of Nrf-2 is presented in Figure 3. The 
expression of Nrf-2 showed higher in the treatment 
of RH-LS compared to control group. Treatment with 
RH-LS for 2 days showed higher expression of Nrf-2 
in the treatment with RH-LS (2.20 ± 1.31) compared to 
control group (6.80 ± 1.92) (P = 0.003). Treatment with 
RH-LS for 7 days showed higher expression of Nrf-2 in the 

treatment with RH-LS (11.60 ± 1.95) compared to control 
group (4.20 ± 1.64) (P = 0.000) [Figure 4].

DISCUSSION

From the research that has been conducted, treatment 
of RH-LS for 7 days could significantly decrease the 
expression of IL-1β compared to controls. These cytokines 
are pro-inflammatory which usually increases at times of 
inflammation. The properties of IL-1β could promote bone 
resorption and induce the production of tissue-degrading 
proteinases.[7] Furthermore, treatment of RH-LS could 
increase the expression of Nrf-2 that plays a central role in 
regulating the antioxidant response element downstream 
and prevent tissue damage.[20] There is a significant 
difference of expression of Nrf-2 compared to control for 
2- and 7-day treatment of RH-LS. This result shows that  RH-
LS has anti-inflammatory and antioxidant properties.

The possible mechanism to explain is because this 
material contains several types of phenolic compounds 
with low molecular weight such as phenol, guaiacol, 
4-ethyl-2-methoxy phenol, and 4-methylguaiacol.[5,13] These 
phenolic compounds protect against increased oxidative 

Figure 1: The expression of interleukin‑1β. (a and b) Control for 2 days; (c and d) Rice hull liquid smoke for 2 days; (e and f) Control for 
7 days; (g and h) Rice hull liquid smoke for 7 days
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Figure 2: The expression of interleukin‑1β after 2 days and 7 days. 
The same character in each bar indicated significant different with 
independent t‑test (P < 0.05)
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stress that formed during chronic periodontitis progression.
[8] The presence of a bacterial infection in gingival epithelial 
tissue will activate polymorphonuclear leukocyte (PMN) 
recruitment to the marginal lesion. At these sites, there is 
a sustained release of PMN enzymes and reactive oxygen 
species (ROS) into the extracellular environment as the host 
attempts to fight infection.[21] Excessive production of ROS 
and a relative deficiency of antioxidants cause increased 
oxidative damage to proteins in the periodontium, lipid 
peroxidation in plasma, saliva, and gingival crevicular 
fluid, thus resulting tissue damage in a prolonged period 
of time.[22] The antioxidant properties of RH-LS acquired 
by prevent the production of ROS in periodontal tissue 
by elevating expression of Nrf-2. Nrf-2 can upregulate 
Nrf2-associated antioxidant and detoxification enzymes, 
which enhances cytoprotective effects such as decreased 
inflammatory signaling and oxidative damage in tissues.[8]

According to the previous study by Zhao et al., they investigate 
the anti-inflammatory potential of 4-methylguaiacol on the 
genes and proteins related to NF-κB and Nrf-2 signaling 
pathways in LPS-induced THP-1 cell model. This study 
shows that 4-methylguaiacol significantly inhibited the 

overproduction of TNF-α, IL-1β, IL-6, IL-8, NO, and 
prostaglandin E2 caused by LPS. Real-time polymerase 
chain reaction and western blot analyses revealed that 
4-methylguaiacol was able to attenuate LPS-induced 
inflammatory response and inhibit the expression level of 
inflammatory cytokines and inflammasome by inducing 
Nrf-2 signaling pathway and inactivating the NF-κB signaling 
pathways.[15] This phenolic compound increases the production 
and release of Nrf-2 into the nucleus and will express HO-1 
which functions are to prevent the phosphorylation of NF-κB/
IkBα, thereby reducing NF-κB activation and its translocation 
into the nucleus.[23,24] This event will reduce inflammasome 
activation and the release of pro-inflammatory cytokines such 
as IL-1β and suppress the development of inflammation.[5]

Other than anti-inflammation and antioxidant properties, 
RH-LS also exhibits antibacterial properties. Another study 
also confirmed this condition. Kim et al., RH-LS inactivated 
a resistant Salmonella strain in a dose-dependent manner 
with a minimum inhibitory concentration value of 1.29%. 
The oral feeding of RH-LS to mice infected with up to 
1 × 107 CFUs of the resistant Salmonella strain indicates that 
the materials inhibited the growth of the pathogens in the 
digestive tract and several organs and increased the bacterial 
fecal count.[25] Pilevar et al. combine RH-LS with Echinophora 
platyloba and investigate the anti-Staphylococcus aureus effect. 
The conducted experiments showed that liquid smoke 
had a better antimicrobial activity against S aureus than 
Echinophora platyloba.[26] This is strengthening that RH-LS 
exhibits antibacterial properties.

CONCLUSION

RH-LS showed anti-inflammation properties by elevating 
the expression of NrF-2 and depleting the expression of 
IL-1β in periodontitis induced by PG.
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Figure 4: The expression of nuclear factor erythroid‑2 after treatment 
for 2 days and 7 days. The same character in each bar indicated 
significant different with independent t‑test (P < 0.05)

Figure 3: The expression of nuclear factor erythroid‑2. (a and b) Control for 2 days; (c and d) Rice hull liquid smoke for 2 days; (e and f) 
Control for 7 days; (g and h) Rice hull liquid smoke for 7 days
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