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Abstract

periodontal disease.

Herein, we evaluated the potential therapeutic effects of water extracts from Eucommia on periodontitis in experi-
mental rats. We ligated the maxillary second molars of Sprague—Dawley(SD) rats with 4.0 silk threads and locally
smeared Porphyromonas gingivalis(P. gingivalis) to induce gingivitis and periodontitis.After the model was successfully
established, we exposed the rats to Eucommia water extracts through topical smearing and intragastric administra-
tion and evaluated the therapeutic effect of the extracts on gingivitis (for a 2 week treatment period) and periodonti-
tis (over 4 weeks). We analyzed histopathological sections of the periodontal tissue and quantified the alveolar bone
resorption levels, molecules related to periodontal oxidative stress, and periodontal inflammatory factors to assess
the feasibility of Eucommia in treating gingivitis and periodontitis. We found that damage to the periodontal tissue
was reduced after treatment with extracts,indicating that Eucommia has a positive effect in treating gingivitis and
periodontitis in experimental rats. These findings are expected to provide the foothold for future research on second-
ary metabolites derived from Eucommia and guide the development of novel approaches for preventing and treating
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Introduction

Periodontitis is a chronic infectious disease caused by
microorganisms that destroy the periodontal tissue and
cause alveolar bone resorption and loss of connective tis-
sue. It is a major oral disease that results in tooth loss in
adults and endangers general health [1]. Periodontitis has
become a major concern worldwide, owing to its high
incidence in both developed and developing countries.
An increasing body of evidence suggests that P. gingivalis
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is a major pathogenic bacteria that play an important role
in chronic and aggressive periodontitis[2—4].
Periodontitis need clinical intervention including but
not limited to scaling and root planing, surgical peri-
odontal therapy, use of microbial agents in conjunction
with mechanical therapy. The commonly used control
measures against periodontitis at home include mechani-
cal approaches such as brushing, flossing and interdental
brushing for adjacent tooth cleaning [5], and pharma-
ceutical interventions such as mouthwashes and fluo-
rides (fluorine-containing coatings, fluorine-containing
gels). Despite the current emphasis placed on oral health,
not enough of it is directed to preventing periodontal
disease(PD). For example, in poor or remote areas in
developing countries,the correct method for brushing
teeth has not been popularized, while interdental clean-
ing devices such as dental floss and interdental brushes
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have not been accepted by the general public [6]. Accord-
ing to the third and fourth National Chinese oral health
epidemiological survey results, China’s oral health liter-
acy level and health behavior are still very low, warrant-
ing an urgent need for improvement.

Although periodontitis is not fatal, common periodon-
titis treatment methods can not completely recover the
damaged periodontal tissue[7]. Accordingly, it is essential
to identify a safe, effective and easily acceptable method
for preventing and treating periodontitis.

Eucommia ulmoides Oliv. is a second-class rare and
protected tree species in China with valuable medicinal
value and a long history of medicinal use [8]. Over 138
chemical constituents with active ingredients such as
lignans, cyclic allene terpenes, phenylpropanoids, fla-
vonoids, polysaccharides, and antifungal proteins, have
been identified in this species. An in-depth study of the
chemical composition, coupled with assaying for the
pharmacological activities and clinical application of
these compounds, has revealed the extent of its potential,
accounting for its broad application in medicine [9]. Cur-
rent evidence suggests that the pharmacological effects
of Eucommia mainly include antihypertensive activity,
enhancement of immunity, regulation of blood lipids,
lowering of blood sugar, prevention of osteoporosis, and
anti-inflammatory, antibacterial, and anti-tumor activi-
ties. Furthermore, compounds from the plant reportedly
harbor hepatobiliary and diuretic capabilities, protect
nerve cells, regulate bone metabolism, and nourish kid-
neys. However, the use of Eucommia for the prevention
and treatment of periodontal disease remains unknown,
warranting further research.

The present study assessed the therapeutic effects of
secondary metabolites derived from Eucommia extracts
in rat models of periodontal disease. Importantly, our
findings can guide future research toward the develop-
ment of strategies for the prevention and treatment of
periodontitis.

Material and methods

Animals

This animal study was approved by the Medical ethics
committee of the Affiliated Stomatological Hospital of
Zunyi Medical University,(Approval number:YJSKTLS-
2018-2021-018A)and conducted in accordance with
relevant guidelines and regulations. All methods are
reported in accordance with ARRIVE guidelines.

A total of 44 male SD rats (90 g-110 g) were obtained
from Changsha Tiangin Biotechnology Co.,Ltd.
(SCXK2019-0013) for this study. Before the experiment,
the rats were housed in a normal experimental environ-
ment for 1 week to acclimatize to that environment.
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Establishment the gingivitis model and treatment

Twenty SD rats were adaptively fed for 1 week. Add chlo-
ramphenicol, ampicillin and carboxybenzylpenicillin (the
dosage is 1 g /500 ml water) to the drinking water for
1 week.,and anesthetized with an intraperitoneal injec-
tion of 0.4% phenobarbital sodium (10 mL/Kg, Yulong
Seaweed Pharmaceutical Factory, Qingdao, China).
Both maxillary second molars were ligated with 4-0 silk
thread. The silk thread was knotted around three cir-
cles, and the silk thread was pressed into the subgingiva
as much as possible. After operation, they were fed with
moist feed and drank 10% sucrose water. The gingivitis
model was successfully established after 2 weeks.

The 20 rats were randomly assigned into group 1 (the
treatment group subjected to topical smear and intra-
gastric administration of 800 mg/kg Eucommia water
extracts once a day for 14 days) and group 2 (the con-
trol group treated with normal saline for 14 days). After
14 days of treatment, all rats were sacrificed, then oxi-
dative stress-related molecules superoxide dismutase
superoxide dismutase (SOD) and catalase (CAT) in the
gingival tissues of the second molars were detected.
The maxillary bones were harvested for Hematoxylin—
eosin(HE) staining and observation.

Establishment of periodontitis model and treatment

A total of 24 SD rats, adaptively fed for 1 week.Add chlo-
ramphenicol, ampicillin and carboxybenzylpenicillin (the
dosage is 1 g /500 ml water) to the drinking water for
1 week.,and anesthetized with an intraperitoneal injec-
tion of 0.4% phenobarbital sodium (10 mL/Kg, Yulong
Seaweed Pharmaceutical Factory, Qingdao, China).
Both maxillary second molars were ligated with 4—0 silk
thread. The silk thread was knotted around three circles,
and the silk thread was pressed into the subgingiva as
much as possible. After silk thread ligation, the bacteria
were continuously inoculated at the buccal and palatal
proximal, central and distal sites of the second molars,
with a concentration of 1 x 104 cfu/ml P. gingivalis, inoc-
ulated 3 times a day, with an interval of 30 min, each time
200 pL P, gingivalis bacterial solution was inoculated for
3 days. After operation, they were fed with moist feed
and drank 10% sucrose water,and 4 rats were sacrificed
after 4 weeks (based on pre-experiment).

Alveolar bone resorption was detected using X-ray and
methylene blue staining, while changes in the maxillary
second periodontal tissues were detected by HE staining.
The remaining 20 rats were randomly assigned into two
groups: group 1 (treatment group) rats underwent topi-
cal smear and intragastric administration of 800 mg/kg
Eucommia water extract once a day for 28 days. Group
2 (control group) mice were treated with normal saline
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for 28 days. All rats were sacrificed after 28 days of
treatment, followed by an HE assay to detect SOD and
CAT in the gingival tissues of the second molars as
well as inflammatory factors Interleukin 1 B(IL-1p)and
Interferon-gamma(IFN-y) serum.

Plant extracts
Water extracts of Eucommia were obtained from Xi'an
Tianfeng Biotechnology Co., Ltd. (Xi’an, China).

Statistical analyses

Data were statistically analyzed using SPSS software ver-
sion 18.0 and presented as means = standard errors. An
independent student’s ¢-test was used to compare two
groups, while a one-way analysis of variance (ANOVA)
was employed for comparisons among three groups. A
p-value <0.05 was statistically significant.

Results

Establishment of the gingivitis model in experimental rats
One week after rats were smeared with P, gingivalis, their
gingival tissues appeared pink, while their gingival mar-
gins became red and swollen. No bleeding was detected,
and their teeth were not loose. At two weeks, the gingi-
val tissues were swollen, exhibiting a dark red color and
bleeding was observed, suggesting successful induction
of gingivitis. Subsequently, the rats were sacrificed for
sample collection.

Quantification of oxidative stress-related molecules

We subsequently quantified the levels of SOD and CAT
in the gingival tissues of experimental rats according to
the manufacturer’s instructions of the SOD (A001-3-1)
and CAT UV (A007-2-1) kits (Nanjing Jiancheng Bio-
technology Research Institute). The results showed that
the SOD and CAT levels in the treatment group were
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significantly higher than in the controls before modeling
(p<0.05) (Fig. 1).

Analysis of periodontal tissues of second maxillary molars
The periodontal tissues of the second maxillary molars
were analyzed by HE staining. In the treatment group,
the position of junctional epithelium was restored to
the enamel dentin boundary, the gingival sulcus epithe-
lium showed no epithelial studs, and collagen fibers were
formed (Fig. 2). In the control group, erosion and epi-
thelial degeneration were observed in the gingival sulcus
epithelium. The junctional epithelium proliferated and
extended to the root of the teeth, while the collagen fibers
exhibited hydropic degeneration (Fig. 3).

Establishment of the periodontitis model in experimental
rats

We found that the rats’ gum tissues became red and swol-
len, exhibiting a dark red color and spontaneous bleeding
at four weeks of treatment. In addition, there was a loss
of adhesion, and their teeth loosened in the cheek palate
direction. This preliminary finding indicated that peri-
odontitis was successfully induced, and 4 rats were sacri-
ficed for further analysis.

X-ray films and methylene blue staining showed alve-
olar bone resorption in the second maxillary molar in
the experimental rats. The alveolar bone of normal rats
wrapped around the root, which proved that periodon-
titis was successfully induced at four weeks of modeling
(Figs. 4, 5).

Analysis of maxillary periodontal tissues

The periodontal tissues of the second maxillary molars
were analyzed following HE staining. The junctional
epithelium was found at the enamel dentin bound-
ary in normal rats, while the gingival sulcus epithe-
lium had no epithelial studs. In addition, collagen
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Fig. 1 SOD and CAT in gingival tissues. *indicates a statistically significant difference during comparison with other groups (p <0.05)
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Fig. 2 Ana|y5|s of perlodontal tissues ofthe ma><|llary second molar from rats in the treatment group following HE staining, A Original magnification
20 x, Scale bars =500 um. B Local gums, Original magnification 200 x , Scale bars =50 pm

Fig.3 Ana|y5|s of perlodontal tissues ofthe ma><|I|ary second molar from rats in the control group by HE staining, A Orlglnal magnification 20 x,
Scale bars =500 um. B Local gums, Original magnification 200 x , Scale bars =50 um

Fig. 4 Methylene blue staining of periodontal tissues(Original magnification 20 x). A The normal group. B the periodontitis group

fibers were packed into a linear arrangement..In the epithelium was separated from the root surface, the
modeling group, erosion and epithelial degenera- periodontal pocket was formed, and significant edema
tion occurred in the gingival sulcus epithelium. The was observed in the collagen fiber (Fig. 6).

junctional epithelium proliferated and extended to

the root of the teeth. At the same time, the junctional
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Fig. 5 X-ray films of the periodontal tissue. A The normal group. B The periodontitis group

) SEDS . © s N el (NI i B EREY ¥ & ; i
Fig. 6 Analysis of the periodontal tissue of maxillary second molar following HE staining. Original magnification 20 x ,Scale bars =500 um. A The
normal group. B The periodontitis group
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Fig. 7 SOD and CAT in gingival tissues. *Indicates a statistically significant difference during comparison with other groups(p < 0.05)

Determination of oxidative stress-related molecules Determination of serum inflammatory factors

Analysis of SOD and CAT levels in the gingival tissue of =~ We employed the ELISA technique to quantify the levels
experimental rats showed significantly higher levels in  of inflammatory factors IL-1 (AndyGene, AD3023Ra)
the treatment group relative to the control group(p <0.05)  and IFN-y (AndyGene, AD3257Ra) in rat serum. Before
(Fig. 7). treatment, there was no difference between the treatment
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Fig. 8 Levels of IL-1$ and IFN-y in experimental rats. *Indicates a statistically significant difference (p <0.05)

and the control groups. After treatment, the levels of
inflammatory factors in the treatment group decreased,
while those in the controls continued to increase. The dif-
ferences between the two groups were statistically signifi-
cant at week 8 (p <0.05) (Fig. 8).

Analysis of periodontal tissues of the maxillary

Analysis of the periodontal tissues of the second maxil-
lary molars following HE staining indicated that in the
treatment group, the position of the combined epithelium
was restored to the enamel dentin boundary, the gingival
sulcus epithelium had no epithelial studs, and collagen
fibers were recovered (Fig. 9). In the control group, we
observed erosion and epithelial degeneration in the gin-
gival sulcus epithelium. At the same time, the junctional
epithelium proliferated and extended to the root of teeth
and was further separated from the root surface. Further-
more, the periodontal pocket was formed, and the colla-
gen fiber exhibited hydropic degeneration (Fig. 10).

Discussion

Oral diseases can occur due to external factors such as
physical and chemical damage, pathogen invasion, den-
tal and maxillofacial abnormalities and systemic dis-
eases. Over the years, the incidence of oral diseases has
significantly increased in China. The most common oral
disease globally is periodontitis, which seriously affects
people’s health [10-12].

Overwhelming evidence substantiates that periodontal
disease is also a risk factor for certain systemic diseases
or conditions [13—15]. An association has been found
between periodontal disease and poor blood glucose has
been documented in diabetic patients [16]. Interestingly,
PD has also been implicated in the occurrence and devel-
opment of cardiovascular diseases [17, 18]. It is well-
established that periodontal disease results from specific
pathogenic bacteria [19], with clinical studies reporting
that causative periodontal pathogens are found in athero-
sclerotic plaques. Besides, PD can cause preterm and low
birth weight in infants, therefore, emphasizing the need
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Fig. 10 Analysis of periodontal tissues of maxillary second molar in rats from the control group by HE staining. A Original magnification 20 x, Scale
bars =500 um. B Local gums, Original magnification 200 x , Scale bars =50 um

to develop a safe, effective and easily acceptable method
for its prevention and treatment [20].

To date, most research on the medicinal activity of
Eucommia ulmoides has primarilyfocused on its ability
to lower blood glucose, lipids, and blood pressure and its
antioxidant and antibacterial properties [21]. However,
its pharmaceutical value has not been fully harnessed
[22, 23].In addition, the scope of its current clinical appli-
cations is relatively narrow, given that its leaves have not
been fully incorporated into clinical applications, with
the only use being for adjuvant therapy. Furthermore,
few indicators are available for experimental observa-
tion, the sample size used in previous studies is relatively
small and no scientific theoretical basis has hitherto
been established. Indeed, research on the pharmacologi-
cal mechanism of action and specific targets have been
largely understudied,while in-depth, comprehensive and
systematic research has not been carried out.

In this study, we assessed the therapeutic effects of
Eucommia extracts on gingivitis and periodontitis.
Moreover, we analyzed alveolar bone resorption levels,
periodontal tissue pathological sections, and gingival
tissue oxidative stress-related molecules in periodontal
tissues in experimental models.. In addition, we deter-
mined changes in periodontal tissues, such as inflamma-
tory factors. The results showed an increase in oxidative
stress-related molecules SOD and CAT in the gingival
tissue of the rats in the treatment group in gingivitis and
periodontitis rat models treated with Eucommia extracts
by topical smearing and intragastric administration.
This phenomenon led to the inhibition of reactive oxy-
gen species, thereby protecting periodontal tissues. We
also found a decrease in serum pro-inflammatory factors
IL-1p and IFN-y, indicating that periodontitis inflamma-
tion was effectively controlled. HE staining of the peri-
odontal tissues of the second maxillary molars revealed
that the position of the junctional epithelium was
restored to the enamel dentin boundary in the treatment

group,. At the same time, the gingival sulcus epithelium
had no epithelial studs, and collagen fibers recovered. In
the control group, erosion and epithelial degeneration
occurred in the gingival sulcus epithelium. The junctional
epithelium proliferated, extended to the root of the teeth,
and was further separated from the root surface. In addi-
tion, a periodontal pocket was formed, and the collagen
fibers showed hydropic degeneration. These results sug-
gest that Eucommia extracts could alleviate inflammation
of the gum tissue.

Taken together, our findings indicate that Eucommia
water extracts could reduce periodontal tissue inflamma-
tion and damage during gingivitis and periodontitis, indi-
cating the therapeutic potential of this plant, but we don’t
know whether a component of Eucommia ulmoides has
antibacterial effect. The research on the pharmacological
properties of traditional Chinese medicine is extensive
and profound. At present, it is an initial research. The
next step is to find the monomeric compounds that play a
role through mechanism research.

Summarizing the research status at home and abroad,
there are still some deficiencies in the development and
research of the medicinal value of Eucommia ulmoides:
(1) although the basic research results on the pharmaco-
logical effects of Eucommia ulmoides in recent years are
quite abundant, they have not been effectively translated
into clinical application. At present, Eucommia ulmo-
ides is mainly used in the clinical adjuvant treatment of
hypertension, hyperlipidemia, hyperglycemia, tocolysis
and osteoporosis. Compared with its extensive pharma-
cological effects, its clinical application scope is narrow,
There is a serious disconnect between basic research and
clinical practice; (2) At present, there are many studies
on the pharmacological activities of Eucommia ulmoides
extract, but due to the complex chemical components in
Eucommia ulmoides, the research object is often not clear
enough, the effective content is not accurate enough, and
the molecular biological mechanism of pharmacological



Wang et al. BMC Oral Health (2022) 22:326

effects is not deep enough, so it is difficult to carry out
comprehensive and systematic research; (3) There are
few studies on Eucommia ulmoides as a clinical drug, the
clinical observation indicators are not comprehensive
enough, and the sample size is too small. Now it is mainly
concentrated in vitro and animal experiments.

In order to speed up the excavation of the potential
application value of Eucommia ulmoides in the field of
biomedicine and effectively transform the basic research
results into clinical applications, the author believes that
the research should focus on the monomer compounds
with pharmacological activities and clear structures in
Eucommia ulmoides, and carry out comprehensive and
systematic research on its pharmacological mechanism
and action targets in vivo and in vitro, so as to speed up
the transformation of basic research results into clinical
applications, Improve the utilization rate of Eucommia
ulmoides in the medical field, promote the sustainable
development of China’s great health pharmaceutical
industry, and help the healthy China strategy.
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