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Effects of Kangfuxinye on NF-kB and inflammatory cytokines in gingival crevicular fluid
of patients with orthodontic gingivitis caused by orthodontic treatment
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Explore the Kangfuxinye effection on the expressions of nuclear factor kappa-light-chain-enhancer of ac-
tivated B cells (NF-kB) and inflammatory cytokines (IC) in the gingival crevicular fluid of patients with
orthodontic gingivitis caused by orthodontic treatment. 98 patients with orthodontic gingivitis in Qingdao
Stomatological Hospital caused by orthodontic treatment were divided into two groups, namely, the control
treatment group and the Kangfuxinye treatment group. In this study, the expressions of those proteins and IC
in gingival crevicular fluid before and after treatment were analyzed at first, and the correlations of the NF-xB
p65 expression with IC were explored. Then the differences in the expressions of those proteins and IC and the
efficacy between the control treatment group and the Kangfuxinye treatment group were analyzed. Compared
with those before treatment, the expressions of NF-«kB-related proteins and IC interleukin-1f (IL-1p), tumor
necrosis factor-alpha (TNF-a) and vascular endothelial growth factor (VEGF)] were significantly decreased
after treatment (p<0.05). After treatment, the expression of NF-kB p65 was positively correlated with IL-1,
TNF-o and VEGF, but negatively related to IL-4 and IL-10. In addition, compared with the control treatment,
Kangfuxinye significantly reduced the expressions of those proteins and their messenger ribonucleic acids
(mRNAs) (p<0.05), decreased the expressions of IL-13, TNF-o and VEGF (p<0.05) but improved the total
effective rate of treatment. Kangfuxinye can reduce the NF-«kB expressions and IC in the gingival crevicular

fluid of patients with orthodontic gingivitis caused by orthodontic treatment and enhance the efficacy.
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Introduction

Orthodontic treatment is an adaptive biological res-
ponse that interferes with maxillofacial structures by
exerting forces on the outside (1). The mechanical force
is applied to promote periodontal tissue remodeling, and
tooth dynamics during bone reconstruction is a biological
mechanism involved in acute inflammatory responses (2).
Tissue changes induced by an external force, combined
with the recombination of cells and extracellular matrix,
lead to the synthesis and release of neurotransmitters, cy-
tokines, growth factors, and arachidonic acid metabolites,
and so on (3).

As tiny protein molecules, inflammatory cytokines
(IC) have a great role in regulating cell communication
and function, which could induce cell proliferation and
differentiation (4, 5). Interleukin-1 (IL-1) mainly exists in
two forms: IL-1a and IL-1f, among which IL-1 is rela-
ted to bone metabolism. In the initial stage of orthodontic
tooth movement (OTM), IL-1 is one of the most effective
cytokines in the periodontal environment. IL-1f is mainly
secreted by fibroblasts, osteoblasts and osteoclasts (6).
Studies have shown that cytokine release is involved in
the tissue response to mechanical stimulation at the early
stage of OTM. This mechanical stress can lead to acute
inflammation in periodontal tissues, promote tooth move-
ment and biological processes, and induce bone resorption

(7, 8). The value of gingival crevicular fluid in evaluating
the biological states of the periodontal tissues, bone, and
the innate tissues of related tooth structures extends to the
source of biomarkers for specific clinical conditions (9).
Nuclear factor kappa-light-chain-enhancer of activated B
cells (NF-kB) has long been considered as the target of
new anti-inflammatory drugs. But data from mouse gene-
tic studies indicate that NF-kB may be a biological target
for intractable inflammatory diseases. The NF-kB pathway
regulates the production of pro-IC, leukocyte recruitment,
which is an important contributor to the inflammatory res-
ponse. Nevertheless, with the survival of epithelial cells
and the integrity of mucosal barriers, NF-xB's anti-apop-
tosis function can prevent and maintain the inflammatory
response through continuous leukocyte activation.

The main pharmacological effects of Kangfuxinye
include anti-inflammation, anti-tumor, anti-oxidation and
wound healing promotion. This study aims to explore the
Kangfuxinye affection on the expressions of NF-xB and
IC in the gingival crevicular fluid of patients with ortho-
dontic gingivitis caused by orthodontic treatment.

Materials and Methods
Kangfuxinye was purchased from Hunan Kelun Phar-

maceutical Co., Ltd., NF-xB and ELISA kit from Shan-
ghai Guduo Biotechnology Co., Ltd., and cytokine ELISA
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kit from Shanghai Lengton Biotechnology Co., Ltd.

Source of cases

A total of 98 patients with fixed orthodontic gingivi-
tis admitted to the Department of stomatology, The First
Affiliated Hospital of Anhui University of Science and
Technology from 2018 to 2022 were selected. They were
randomly divided into two groups: the control treatment
group (treated with conventional gingival cleaning); the
Kangfuxinye treatment group (treated with Kangfuxinye
based on conventional gingival cleaning). The expressions
of p50, p65, an inhibitor of NF-kB (IxBa) and IC in the
gingival crevicular fluid of patients in the Kangfuxinye
treatment group were measured before treatment, which
was used to compare the differences before and after treat-
ment.

Detection of the expressions of p50, p65 and IkBa in
gingival crevicular fluid via ELISA

The operation was performed according to the instruc-
tions of commodities, and the ELISA detection kit was
used for detection. The corresponding sample concentra-
tion was calculated according to the standard curve regres-
sion equation.

Detection of the expression of IC in gingival crevicular
fluid via ELISA

The operation was performed according to the instruc-
tions of commodities, and the ELISA detection kit was
used for detection. The corresponding sample concentra-
tion was calculated according to the standard curve regres-
sion equation.

Polymerase chain reaction (PCR) detection

The total ribonucleic acid (RNA) in the gingival cre-
vicular fluid was extracted with TRIzol reagent, and the
extracted nucleic acid was rapidly transcribed according to
the instruction manual of the reverse transcription (RT) kit,
and the messenger RNA (mRNA) expression was evalua-
ted by PCR. Primers: NF-xB p50: ATTTCTACGCTATG-
TG (forward) and TCCGCCTGCTTGTAGTA (reverse),
NF-«kB p65: GCTCCTTCTCAAGCTGAGT (forward)
and CAGAAGTTGAGTTTCGGGTAGG (reverse),
IkBa: CTAGAATTCGCCATGTTCCAG (forward) and
CATGAATTCTTGCACTCATACGTCAG (reverse),
and B-actin. CCCTGTATGCTCTGGTC (forward) and
TTTACGGATGTCAACG (reverse).

Western blotting

The protein in the gingival crevicular fluid was extrac-
ted in lysis buffer, added with a complete protease inhibitor
mixture and 0.1 mM B-glycerophosphate) and determined
by Bio-Rad protein assay. The nucleoprotein fraction for
Western blotting analysis was obtained according to the
method described by Pilon et al (10). The protein immobi-
lized on the nitrocellulose membrane was imprinted over-
night with the primary antibody at 4°C and bound with
the horseradish peroxidase-bound secondary antibody, fol-
lowed by color development.

Evaluation method of clinical efficacy

The evaluation indexes of efficacy mainly include:
Gingival color and shape returning to normal and the
depth of probing being less than 1 mm represented reco-

very, gingival color and shape returning to normal and the
probing depth being 1.0-2.0 mm significant effectiveness,
the detection depth value being 2.0-3.0 mm improvement,
and the detection depth value being above 3.0 mm for inef-
fectiveness. Total effective rate = 1 - ineffective rate.

Statistical analysis

GraphPad 6.0 was adopted for data analysis. Two-way
ANOVA was used to analyze the difference between the
two groups. p<0.05 indicated that the difference was sta-
tistically significant, and p<0.01 suggested that the diffe-
rence was statistically extremely significant. The correla-
tions of the NF-kB p65 expression with IC were analyzed
by linear regression and correlation analyses.

Results

NF-kB protein expressions in gingival crevicular fluid
before and after treatment

In this study, the expression of the NF-kB-related
protein in the Kangfuxinye treatment group and control
group was analyzed using ELISA. The results manifested
that NF-xB p50, NF-xB p65 and IkBa in the Kangfuxi-
nye treatment group were remarkably reduced (p<0.01)
(Figure 1).

Expressions of IC before and after treatment

The effects of Kangfuxinye on the expression of IC
were detected by the ELISA kit. The results revealed that
the expressions of IL-1p, TNF-a and VEGF in gingival
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Figure 1. Detection of the expressions of NF-kB p50, NFkB p65 and
IxBo in gingival crevicular fluid via ELISA. *p<0.05 represents an
extremely significant difference.
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Figure 2. Effects of Kangfuxinye on the expression of inflammatory
cytokines in the gingival crevicular fluid of orthodontic gingivitis
patients caused by orthodontic treatment. *p<0.05 represents a signi-

ficant difference.
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crevicular fluid in the Kangfuxinye treatment group were
notably decreased compared with those in the control
treatment group (p<0.05), while the expressions of 1L-4
and IL-10 were markedly increased (p<0.05) (Figure 2).

Correlation analysis of the NF-kB p65 expression with
IC after treatment

The relationship between the NF-kB p65 expression
level and the cytokine expression in the gingival cre-
vicular fluid of 49 patients with fixed orthodontic tooth
caries after treatment was analyzed. The results of linear
regression and correlation analyses showed that the NF-
kB p65 expression in cytokines had different correlations
with different cytokines, among which it was significantly
positively related to IL-1p3, TNF-a and VEGF (p<0.001,
?=0.7491, 0.4164 and 0.3269, respectively) (Figure 3A-
3C), but significantly negatively associated with IL-4 and
IL-10 (»<0.001, »*=0.517 and 0.5895, respectively) (Fi-
gure 3D-3E).

Effects of Kangfuxinye on the NF-kB-related protein
expression after treatment

NF-«kB-related proteins in the blood of patients treated
with Kangfuxinye were further examined using RT-PCR
and Western blotting. According to the results (Figure 4),
the expressions of NF-kB-related proteins and their mR-
NAs were significantly reduced in the Kangfuxinye treat-
ment group compared with those in the control treatment
group (p<0.05).

Effects of Kangfuxinye and control treatment on the
expression of IC

Furthermore, inflammatory cytokine-related proteins in
the blood of patients treated with Kangfuxinye were exa-
mined via ELISA, and the effects of Kangfuxinye treat-
ment on them were analyzed. The results indicated that
Kangfuxinye treatment reduced the expressions of pro-
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Figure 3. . Correlation analysis of the NF-kB p65 expression with in-
flammatory cytokines after treatment A-E represents the expressions
of IL-1B, TNF-a, VEGF, IL-4, IL-10 and NF-kB p65, respectively.

p<0.001 indicates a significant correlation.
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Figure 4. Detection of the expressions of NF-kB p50, NF-kB p65 and
IxBo and their mRNAs via Western blotting and RT-PCR. *p<0.05
represents a significant difference.
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Figure 5. Changes in inflammatory cytokines after treatment with
Kangfuxinye detected by ELISA. *p<0.05 represents a significant
difference.
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Figure 6. Efficacy analysis of Kangfuxinye in the treatment of fixed

orthodontic tooth caries. *p<0.05 represents a significant difference.

IC (IL-1B, TNF-a and VEGF) (p<0.05). It promoted the
increases of anti-IC (IL-4 and IL-10), but the differences
were not significant (p<0.05) (Figure 5).

Clinical efficacy of Kangfuxinye on patients

Finally, the efficacy of Kangfuxinye in the treatment of
fixed orthodontic tooth caries was analyzed. It was found
that compared with those in the control group, the total ef-
fective rate of treatment was improved (control treatment
group: 80.67% vs. Kangfuxinye treatment group: 94.38%)
and the ineffective rate was reduced (control treatment
group: 19.33% vs. Kangfuxinye treatment group: 5.62%)
in Kangfuxinye treatment group (Figure 6).

Discussion

In fixed orthodontics, the ideal state is to produce the
highest rate of OTM without irreversible damage to the
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root or periodontal ligament (PDL) (11). This study aims
to investigate the Kangfuxinye effects on NF-kB-related
proteins expressions and IC in the gingival crevicular fluid
of patients with orthodontic gingivitis caused by ortho-
dontic treatment. Compared with oral cleaning treatment
alone, Kangfuxinye treatment significantly reduces the
levels of NF-kB-related proteins expression and IC and
brings higher efficacy.

Cytokine content and tooth movement rate depend
on the efficiency of alveolar bone reconstruction because
osteoclast fusion, survival and activation correspond to it
(12). In addition, IL-1p is related to bone resorption, in-
duces the receptor activator of NF-kB (RANKL) expres-
sion in PDL and osteoblasts cells, and stimulates osteoclast
precursors differentiation (13). In our study, NF-xB level
in gingival crevicular fluid during OTM was evaluated,
which might be a valuable biological marker and also play
a major role in the inflammatory process related to OTM.
NF-kB has been considered a typical pro-inflammatory
pathway (14, 15). However, as a complex physiological
process, the role of NF-«kB in the inflammatory response
cannot be inferred from in-vitro studies (16). At present,
most of the studies on inflammatory signal transduction
focus on the IL-1 and TNF receptor families (17). IL-1
and TNF-a are prototyped pro-IC released rapidly when
the tissue is damaged or infected (18). NF-«xB also plays
a great role in cartilage degradation. The expressions of
TNF-a, IL-6 and IL-1 mediated by NF-«xB in chondrocytes
can enhance matrix metalloproteinase (MMP) production,
regulate proteoglycan synthesis, and enhance NF-xB ac-
tivation via positive feedback loops (19). Moreover, the
inhibition of NF-kB in chondrocytes can lead to the de-
creased expression of MMP-3/13 induced by IL-1 (20).
Furthermore, TNF-a has the strongest anti-tumor effector
among IC (21, 22). It can enhance the differentiation and
proliferation of T lymphocytes and stimulate monocytes
phagocytosis of and neutrophils (23-25). The comparative
observation before and after treatment found that fixed or-
thodontics could increase the content of pro-IC, and some
studies have speculated that it may be mainly due to the
distortion of the anterior PDL reconstructed by the bone.
However, after treatment, the pro-IC was significantly
decreased, but the anti-IC expression was raised. It might
cause a reduced biological response in the periodontal tis-
sue on the experimental side. Studies have revealed that
bone remodeling induces the releases of IL-153, TNF-a and
VEGF in PDL, which up-regulates RANKL and MMPs
through osteoblasts during OTM (26). RANKL could sti-
mulate mononuclear precursor cells to enter the bone sur-
face and degrade the function and formation of osteoclasts
with a mineralized matrix (27). Besides, the correlation
analysis showed that NF-kB-related proteins were positi-
vely correlated with the expression of pro-IC, but negati-
vely related to the expression of anti-IC. NF-kB-related
proteins are correlated with IC, inflammatory responses
and bone movement after fixed orthodontic treatment.

In the contrast treatment experiment, the levels of IL-
1B, TNF-a and VEGF in the Kangfuxinye treatment group
were further reduced compared with those in the control
treatment group. The main ingredient of Kangfuxinye is
the extract from Periplaneta. Studies have confirmed that
it has a significant role in eliminating infection and inflam-
mation. It can improve tissue necrosis and promote blood
circulation. In addition, it can enhance immunity and pro-

mote the metabolism of necrotic cells (28). This study
manifested that Kangfuxinye not only reduced the expres-
sions of IC, IL-1B and TNF-a but also significantly en-
hanced the efficacy and improved periodontal conditions.

In a word, NF-xB and IC are closely related to tooth
root resorption. Although its internal mechanism is not
clear, the contents described in this study have strong prac-
tical significance. The detailed analysis to identify the de-
gree and severity of this phenomenon needs further study.
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