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Abstract: Objective: This study aimed to investigate the effect of minocycline on the IL-6, IL-1β, TNF-α, sICAM-1, and 
sVCAM-1 levels in the gingival crevicular fluid (GCF) of patients with varying degrees of chronic periodontitis (CP). 
Method: A total of 85 patients with CP admitted to our hospital were recruited as the study cohort and randomly 
placed in a control group (n=42) or an experimental group (n=43). Both groups underwent routine treatment, and 
3% hydrogen peroxide and 0.9% saline were used to flush their periodontal pockets. The patients in the experimen-
tal group were additionally treated with minocycline ointment. The changes in the IL-6, IL-1β, TNF-α, sICAM-1, and 
sVCAM-1 levels in the GCF were observed in the two groups. Results: After the minocycline intervention, the IL-6, IL-
1β, TNF-α, sICAM-1 and sVCAM-1 levels in the GCF in the experimental group were significantly lower than they were 
in the control group (P<0.05). After minocycline intervention, the IL-6, IL-1β, TNF-α, sICAM-1 and sVCAM-1 levels in 
the GCF of the patients with different degrees of CP were significantly lower than they were before the intervention 
(P<0.05). Conclusion: Minocycline can reduce the inflammatory factor and adhesion factor levels in the GCF of pa-
tients with varying degrees of CP and shows positive therapeutic effects.
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Introduction

Chronic periodontitis (CP) is a chronic infec-
tious disease caused by dental plaque, genetic 
factors, defense mechanisms, and poor life-
style habits [1]. Statistics show that about 35% 
of adults suffer from CP. Since the early symp-
toms are not obvious, many patients miss the 
best time for treatment due to negligence, and 
as the disease progresses, their periodontal 
conditions worsen, and about 15% will advance 
to moderate to severe chronic periodontitis [2]. 
CP is not just an oral disease. It is also closely 
associated with hypertension, diabetes, cardio-
vascular disease, kidney disease, and it in- 
creases the risk of developing other diseases 
as it progresses [3, 4]. The CP treatment per- 
iod is long and is accompanied by loose teeth, 
a decreased chewing ability, gingival atrophy, 
acute swelling, and other symptoms [5]. Pati- 
ents will experience anxiety and depression 
due to their long-term suffering. The higher the 
level of depression, the more severe the chron-
ic periodontitis.

Gingival crevicular fluid (GCF) is a fluid that 
leaks from the epithelium of the sulcus and the 
combined epithelium into the gingival sulcus, 
which is minimal in healthy people, and its 
amount is positively correlated with the degree 
of inflammation in patients with CP [6]. The 
plaque index (PLI), probing depth (PD), clinical 
attachment loss (CAL), bleeding on probing 
(BOP), bleeding index (BI), and other indicators 
are non-objective. The conditions of patients 
with CP can be evaluated by measuring the  
biochemical parameters in the GCF. As the dis-
ease progresses, the composition and content 
of GCF change, so the measurement of GCF in 
patients with CP is a sensitive indicator of the 
degree of inflammation [7].

Minocycline is a kind of tetracycline that achi- 
eves antibacterial effects by binding to tRNA, 
and it is broad-spectrum, efficient, and long-
lasting [8]. Due to its strong antibacterial activ-
ity and low side effects on human organs and 
the human nervous system, it has been widely 
used in CP treatment.

http://www.ijcem.com
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The aim of this study was to evaluate the clini-
cal effect of minocycline in patients with CP by 
observing the changes in the content of the 
inflammatory factors IL-6, IL-1β, TNF-α and the 
adhesion factors sICAM-1 and sVCAM-1 in the 
GCF. 

Materials and methods

General information

Eighty-five patients with CP who were diagnos- 
ed and treated in the Department of Dentistry 
of our hospital from May 2018 to May 2020 
were enrolled as the study subjects, and all  
the patients met the diagnostic criteria for CP 
as determined by the 2017 World Workshop  
on the Classification of Periodontal and Peri-
Implant Diseases and Conditions [9], including 
mild cases (20 patients), moderate cases (35 
patients), and severe cases (30 patients).

Inclusion criteria: patients with at least 20 
teeth, patients with a pocket depth >4 mm, and 
patients with no history of hypersensitivity to 
minocycline.

Exclusion criteria: patients with other acute or 
chronic infectious diseases, patients with dia-
betes mellitus, severe cardiovascular diseases, 
liver or kidney dysfunction, and patients who 
had undergone periodontal surgery or other 
antibiotic medication within one year prior to 
the start of this study.

The 85 subjects were divided into a control 
group (n=42, including 10 patients with mild, 
16 patients with moderate, and 16 patients 
with severe CP) and an experimental group 
(n=43, including 10 patients with mild, 19 
patients with moderate, and 14 patients with 
severe CP) using the random number table 
method. There were 25 males and 17 females 
in the control group, with an average age of 
(54.02±6.31) years, and there were 24 males 
and 19 females in the experimental group, with 
an average age of (53.79±6.09) years.

All the subjects voluntarily signed informed 
consent forms for their participation in this 
study. This study was reviewed and approved 
by the ethics committee of Changzhou TCM 
Hospital.

Methods

Intervention methods: The patients in both 
groups were given routine treatment and were 
followed up weekly with four visits.

The patients in the control group were given 
repeated rinses of their periodontal pockets 
using 3% hydrogen peroxide and 0.9% saline at 
the follow-up appointments.

After rinsing the periodontal pocket repeatedly 
with 3% hydrogen peroxide and 0.9% saline at 
each follow-up visit, the patients in the experi-
mental group were instructed to dry the sur- 
face by blocking-up their saliva flows into the 
oral cavity. The patient’s periodontal pockets 
were filled with minocycline ointment (Sunstar 
INC Japan, H20100244), with a slight overflow 
as appropriate. The patients were told to ab- 
stain from food and water for 2 hours.

GCF collection: The plaque was removed from 
the teeth without pulp or apical lesions. Their 
mouths were rinsed with water, their tooth sur-
faces were dried, and their gums were gently 
dried.

A 2 mm × 8 mm sterile paper strip was inserted 
into their gingival sulci or periodontal pockets, 
and the insertion was stopped when a slight 
resistance was encountered. After 30 s, the pa- 
per strip was retrieved and placed in a centri-
fuge tube for weighing, and the weight of the 
gingival fluid was obtained by calculating the 
difference in mass before and after the collec-
tion. After weighing, the paper strip was placed 
in a -70°C freezer. If there were blood stains on 
a paper strip, it was discarded for resampling.

Determination of the IL-6, IL-1β, TNF-α, sICAM-
1 and sVCAM-1 levels: ELISA was used to de- 
termine the IL-6, IL-1β, TNF-α, sICAM-1, and 
sVCAM-1 levels.

The samples were equilibrated with all the 
items in the ELISA kit at room temperature and 
measured according to the instructions of the 
IL-6, IL-1β, TNF-α, sICAM-1, and sVCAM-1 ELISA 
kits (Shenzhen Jingmei Biotechnology Co.).

Outcome measurement

IL-6, IL-1β and TNF-α levels: IL-6 is a multifunc-
tional inflammatory factor that can act on tar-
get cells and is associated with the immune, 
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hematopoietic, and defensive functions. IL-6 
regulates the production of proteins during the 
acute inflammatory phase, exacerbates the 
inflammatory response in patients with CP, and 
decreases the repair function of the periodon-
tal tissue [10]. The higher the IL-6 level, the 
more severe the inflammatory response.

IL-1β is secreted by macrophages and endothe-
lial cells and regulates the leukocyte polypep-
tides and activates the inflammatory respons-
es. Patients with elevated IL-1β levels have an 
activated inflammatory response, and when 
the IL-1β level is greatly elevated, it promotes 
the hydrolysis of metalloproteinases and extra-
cellular matrix proteases, further destroying 
periodontal collagen fibers and aggravating the 
inflammatory response, leading to a vicious 
cycle [11, 12]. 

TNF-α is a small molecular weight protein that 
regulates the cellular function and the inflam-
matory and immune responses. Elevated TNF- 
α levels in CP patients can inhibit alkaline  
phosphatase activity, activate osteoclast activ-
ity, increase alveolar bone resorption, and ag- 
gravate periodontal soft tissue damage [13].

The sICAM-1 and sVCAM-1 levels: sICAM-1 is 
produced by the in situ cleavage of ICAM-1 and 
modulates the adhesion response of the in- 
flammatory factors to the microvascular endo-
thelial cells. ICAM-1 is closely associated with 
the inflammatory response of the periodontal 
tissue, immune mechanisms, and tissue repair 
in patients with CP. When sICAM-1 is elevated, 
this indicates a high expression of ICAM-1, and 
the neutrophils in the lesion are activated, whi- 
ch in turn increases the inflammatory response 
[14]. 

VCAM-1 can bind to VLA-4 and accumulate at 
the infection sites, thereby amplifying the in- 
flammatory response. When sVCAM-1 is elevat-
ed in patients, the inflammatory response is 
increased [15, 16]. 

Statistical analysis

The statistical analysis of the data was per-
formed using SPSS 22.0 software. The mea-
surement data were expressed in the form of 
mean ± standard deviation (

_
x  ± s), and t-tests 

were used to compare the differences between 
the groups. P<0.05 was considered a signifi-
cant difference.

Results

Comparison of the differences in the baseline 
data in the two groups of patients

There were no significant differences in terms 
of the general data, such as gender, age, or  
disease duration between the two groups (P> 
0.05), which were comparable (Table 1).

Comparison of the changes in the IL-6, IL-1β, 
and TNF-α levels 

Before the intervention, there were no signifi-
cant differences in the IL-6, IL-1β, or TNF-α lev-
els in the two groups’ GCF (P>0.05), but after 
intervention, there was a significant decrease 
in the IL-6, IL-1β, and TNF-α levels (P<0.05) 
(Table 2).

Comparison of the sICAM-1 and sVCAM-1 
levels 

Before intervention, there were no significant 
differences in the sICAM-1 and sVCAM-1 levels 
in the patients’ gingival fluid in both groups 
(P>0.05). After the intervention, the sICAM-1 
and sVCAM-1 levels in the gingival fluid of the 
patients in both groups showed significant 
decreases compared with the pre-intervention 
period levels, with sICAM-1 (10.35±1.68) and 
sVCAM-1 (16.87±2.45) in the gingival fluid of 
the control group, and sICAM-1 (8.74±0.93)  
and sVCAM-1 (11.50±1.46) in the gingival fluid 
of the experimental group, showing significant 

Table 1. Comparison of the general clinical parameters (
_
x  ± s)/[n (%)]

Baseline data Control group (n=42) Experimental group (n=43) t/X2 P
Sex Male 25 24 -0.333 0.795

Female 17 19
Average age (years) 54.02±6.31 53.79±6.09 0.186 0.853
Average weight (kg) 52.64±4.05 52.17±5.80 0.426 0.673
Average duration (years) 11.17±2.87 10.74±2.99 0.621 0.538
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differences in the sICAM-1 and sVCAM-1 levels 
between the groups (P<0.05) (Figure 1).

Comparison of the changes in the IL-6, IL-1β, 
and TNF-α levels in the experimental group 
with varying degrees of CP

Before the intervention, the differences in the 
IL-6, IL-1β, and TNF-α levels among the patients 
with different degrees of chronic periodontitis 
in the experimental group were significant 
(P<0.05), and the IL-6, IL-1β, and TNF-α levels 
increased with the increasing severity of the 
periodontitis. After the intervention, these indi-
cators in the mild, moderate, and severe groups 
decreased significantly (P<0.05) (Figures 2-4).

Comparison of changes in the sICAM-1 and 
sVCAM-1 levels in the experimental group with 
varying degrees of CP

Before intervention, the sICAM-1 and sVCAM-1 
levels in the patients with different degrees of 
CP in the experimental group differed signifi-

cantly (P<0.05), and these indicators increased 
as the periodontitis conditions worsened. After 
the intervention, the sICAM-1 and sVCAM-1 lev-
els in the mild, moderate, and severe groups 
decreased significantly (P<0.05) (Figure 5).

Discussion 

Due to unhealthy living habits, teeth are vulner-
able to external stimuli, leading to an increased 
incidence of oral diseases, more than 80% of 
which are CP [17]. With the development of ch- 
ronic inflammation, the body’s ability to elimi-
nate pathogenic bacteria decreases, leading  
to the formation of more plaque and plaque 
microorganisms, and the number of bacteria 
contained in the periodontal pockets of pati- 
ents with CP has been reported to be approxi-
mately 108. The persistence of dental plaque 
triggers the release of the inflammatory fac- 
tors and increases the inflammatory response 

Figure 1. Changes in the sICAM-1 and sVCAM-1 after 
the intervention in both groups. *P<0.05.

Figure 2. Changes in the IL-6 levels before and after 
the intervention in the experimental group. #P<0.05.

Table 2. Comparison of inflammatory factors (
_
x  ± s)

Items
Control group (n=42) Experimental group (n=43)

Pre-intervention Post-intervention Pre-intervention Post-intervention
IL-6 (pg/mL) 114.23±11.95 91.26±7.09*,# 113.60±11.87 54.02±5.77*,#

IL-1β (ng/L) 241.02±22.98 196.48±18.33*,# 243.38±21.83 153.86±15.11*,#

TNF-α (mg/L) 4.33±1.28 3.12±0.92*,# 4.43±1.46 2.02±1.06*,#

Note: Compared with pre-intervention, *P<0.05. Compared with the control group, #P<0.05.
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[18, 19]. Meanwhile, as the inflammatory fac- 
tor levels increase, the risk of developing dis-
eases such as heart disease and diabetes is 
also elevated.

The inflammatory factors work together with 
the adhesion factors to cause a persistent 
inflammatory response in the periodontal tis-
sues. When a patient’s IL-6, IL-1β, and TNF- 
α levels are increased, more inflammatory cells 

terial effect by inhibiting the protein synthesis 
of periodontal pathogens. Minocycline oint-
ment, when combined with water, forms a re- 
ticulated membrane, so the minocycline oint-
ment is slowly released in the periodontal 
pocket, maintaining the desired concentration 
for a week and improving the therapeutic ef- 
fect [24, 25].

The results of this study showed that minocy-
cline can alleviate the disease condition by 
reducing the levels of the inflammatory factors 
IL-6, IL-1β, TNF-α and the adhesion factors 
sICAM-1 and sVCAM-1 in the GCF. We also 
found that minocycline can play a positive role 
in the treatment of patients with varying de- 
grees of CP, but as the disease worsens, the 
IL-1β, TNF-α, and sICAM-1 and sVCAM-1 levels 
are still at high levels in moderate and severe 
patients, so minocycline intervention should be 
administered as early as possible to prevent 
disease progression.

Currently, mechanical therapy, such as remov-
ing plaque and the surrounding lesions, is com-
monly administered. Although it can achieve a 
certain therapeutic effect, it cannot deal with 
the deeper parts of the periodontal pockets, 
leading to a poor prognosis. In recent years, 
scholars have recommended the application  
of minocycline ointment in the adjuvant treat-
ment of patients with CP, which, when dena-
tured by water, can release its active ingredi-
ents slowly and maintain its effective concen- 
tration for a week, and it also has low side 
effects [26-28]. Lu et al. found that minocy- 
cline ointment assists subgingival scaling/root 
planing and can reduce PD, CAL, the gingival 

Figure 3. Changes in the IL-1β levels before and after the intervention in the 
experimental group. #P<0.05.

Figure 4. Changes in the TNF-α levels before and 
after the intervention in the experimental group. 
#P<0.05.

will accumulate at the site of 
the inflammation, thus con- 
tributing to the continuation  
of the inflammatory response 
[20-22]. Cell-to-cell adhesion 
is a prerequisite for immunity. 
sICAM-1 and sVCAM-1 work 
together to promote the ad- 
hesion of inflammatory cells 
such as monocytes and neu-
trophils to the periodontal tis-
sues where inflammation oc- 
curs, thereby increasing the 
inflammatory response [23].

The main component of mino-
cycline is dimethylamine tetra-
cycline, which has an antibac-
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index, and the interleukin-1β levels compared 
with scaling/root planing alone [29]. In the 
study of Basegmez et al., after 1, 3, and 6 
months of intervention, the PLI, the sulci bleed-
ing index, the PD and the relative attachment 
levels were measured, and gingival sulci sam-
ples were obtained for testing, demonstrating 
that minocycline showed clinical benefits in 
periodontal treatment and provided further im- 
provement in the inflammatory mediators that 
promise to achieve host regulation [30].

In summary, minocycline can reduce the IL-6, 
IL-1β, TNF-α, sICAM-1, sVCAM-1 levels, thereby 
alleviating chronic periodontitis. The shortcom-
ings of the present study are as follows: (1) The 
small sample size and the geographic location 
of the study made the results less generaliz-
able. (2) Only three inflammatory factors and 
two adhesion factors were explored, so the 
results obtained were biased. In view of the 
above shortcomings, the next step is to carry 
out an in-depth study with a large sample size.
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