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A B S T R A C T

Aim: This study evaluated the effects of topical green tea extract solution (GTE) as adjuvant therapy to me-
chanical debridement for the treatment of experimental periodontitis (EP).
Material and methods: We used 120 male rats (Rattus norvegicus albinus – Wistar), divided into the following four
groups: NEP (sham) (n=30): no experimental periodontitis (NEP), only simulation of EP by installation and
removal of a ligature; EP (n= 30): EP induction by ligature; SRP (n=30): EP, scaling and root planing (SRP),
and irrigation with physiological saline solution; SRP/GT (n= 30): EP, SRP, and irrigation with GTE. Histologic
analysis and immunohistochemistry were performed for detection of interleukin (IL)1ß, tumor necrosis factor-
alpha (TNF-α), IL-10, and anti-tartrate resistant acid phosphatase (TRAP) in the furcation area. The percentage
of bone in the furcation (PBF) was considered the primary variable and evaluated at 14, 22, and 37 days. The
data from the histological analysis and the IL- 1B, TNF- A, and IL-10 were submitted to a Kruskal-Wallis variance
test and Dunn’s posttest (p≤ 0.05). The histometric data and TRAP were submitted to analysis of variance
(ANOVA) and Tukey’s posttest (p≤ 0.05).
Results: The SRP/GT group showed lower inflammatory process, lower immunolabeling pattern of IL-1ß and
TNF-α, and greater immunolabeling pattern of IL-10 compared with the EP and SRP groups at 22 days. Fewer
TRAP-positive multinucleated osteoclasts were observed in all periods in the SRP/GT group (5.22 ± 0.65;
7.33 ± 0.80; 8.55 ± 1.15) compared with the SRP group (30.67 ± 8.55; 13.22 ± 0.77; 13.87 ± 0.77).
Higher PBF was observed in all periods in the SRP/GT group (74.65 ± 7.14; 76.61 ± 5.36; 79.24 ± 3.75)
compared with the SRP group (61.60 ± 9.48; 54.84 ± 9.06; 53.25 ± 9.66).
Conclusion: GTE adjuvant to SRP reduced inflammation, osteoclastic activity, and alveolar bone loss in EP.

1. Introduction

Periodontitis is a chronic multifactorial inflammatory disease asso-
ciated with dysbiotic plaque biofilms resulting in progressive destruc-
tion of the periodontal structures (Garlet, 2010; Graves, Li, & Cochran,
2011; Sanz et al., 2017). The inflammatory response of the host to
microbial aggression is characterized by an infiltrate of neutrophils,
macrophages, and lymphocytes and the formation of a high con-
centration of cytokines and other inflammatory mediators (Preshaw &
Taylor, 2011). This inflammatory infiltrate can reach deeper into the
periodontium, across the connective tissue until it collapses periodontal
support tissues (Cochran, 2008).

It is known that microbial recognition stimulates the production of
several pro-inflammatory mediators, including tumor necrosis factor-
alpha (TNF-α), interleukin (IL)-1β, IL-6, and prostaglandin E2 (PGE2),
mediating bone resorption through activation of osteoclast formation
by the receptor activator of nuclear factor-κB ligand (RANKL) (Graves &
Cochran, 2003; Graves, 2008; Yucel-Lindberg & Båge, 2013). It is im-
portant to emphasize that in the biosynthesis of inflammatory media-
tors, the group of cyclooxygenase isoenzymes (COX-1 e COX-2) convert
arachidonic acid to PGE2 (Yucel-Lindberg & Båge, 2013). On the other
hand, anti-inflammatory cytokines are responsible for controlling and
attenuating tissue breakdown (Garlet, 2010). IL-10 is expressed in in-
flamed tissues (Garlet, Cardoso, Campanelli, Martins, & Silva, 2006);
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however, it is associated with downregulation of inflammatory cytokine
(Rakesh & Agrawal, 2005; Yucel-Lindberg & Båge, 2013). The anti-in-
flammatory mechanisms of IL-10 consist of different pathways, leading
to inhibition of bone resorption (Garlet, 2010).

The clarification regarding molecular mechanisms responsible for
periodontal breakdown made tangible the proposition of promising
therapeutic approaches aiming to modulate host response to control
progression of the disease (de Almeida et al., 2015; Gennaro et al.,
2015). Thus, topical administration of agents to modulate host response
may constitute an effective therapeutic alternative, adjuvant to me-
chanical treatment of periodontitis. Therefore, green tea extract (GTE)
manufactured using dried leaves of Camellia sinensis has been proposed
due to the many beneficial properties of its polyphenols for treatment of
inflammatory illness (Afzal, Safer, & Menon, 2015), exhibiting cap-
ability to act on periodontitis (Venkateswara, Sirisha, & Chava, 2011).
Green tea polyphenols are called “catechins” and are known to have
anti-inflammatory (Kou et al., 2008) and antimicrobial (Yun et al.,
2004) effects.

Green tea catechins have been shown to be effective for prevention
of periodontal inflammation through inhibition of expression of COX-2
(Kou et al., 2008; Tominari et al., 2015), negative regulation of PGE2 in
the osteoblasts, and suppression of RANKL (Tominari et al., 2015), with
consequent inhibition of osteoclastic activity and bone resorption (Yun
et al., 2004). Moreover, they have an inhibitory effect on expression of
the pro-inflammatory cytokines TNF-α, IL-1ß, IL-6, and IL-8 (Hosokawa
et al., 2010). Another way these catechins fulfil the role of protection of
the periodontium is through inhibition of bone resorption by induction
of apoptosis of multinucleated osteoclastic cells (Nakamura et al.,
2010). Previous studies have indicated that GTE is capable of inducing
secretion of human beta-defensin (hBD) by epithelial cells, protecting
hBDs from proteolytic degradation, and enhancing the barrier function
of a gingival keratinocyte against invasion by periodontopathogens
(e.g., Porphyromonas gingivalis, Fusobacterum nucleatum) (Ben Lagha,
Haas, & Grenier, 2017; Lagha, Groeger, Meyle, & Grenier, 2018;
Lombardo Bedran, Feghali, Zhao, Palomari Spolidorio, & Grenier,
2014). In addition, green tea catechins have been shown to reduce the
secretion of inflammatory mediators in oral mucosal cells (Lombardo
Bedran, Palomari Spolidorio, & Grenier, 2015).

Herbal medicine has gained interest as an alternative to traditional
medicine due to the fact that it does not induce dependence or toler-
ance, it reduces side effects, and it is low cost. Therefore, to assess the
biological efficiency of herbal medicine (e.g., GTE) adjuvant to scaling
and root planing (SRP) for the treatment of periodontitis, it is important
to validate the effectiveness and safety of GTE. Therefore, we hy-
pothesized that the use of GTE adjuvant to SRP can improve the out-
come of periodontal treatment by reducing alveolar bone loss; thus, the
null hypothesis is that there is no difference between GTE adjuvant to
SRP and SRP alone for reduction of alveolar bone loss.

Due to the absence of studies evaluating molecular, cellular, and
tissue effects of topical administration of GTE adjuvant to SRP for
treatment of periodontitis, the purpose of the present study was to
address the effects of topical GTE as adjuvant therapy to mechanical
debridement for the treatment of ligature-induced experimental

periodontitis (EP) in rats.

2. Materials and methods

2.1. Animals

One hundred and twenty three-month-old male rats (Rattus norve-
gicus, albinus, Wistar) weighing 250–300 g were kept under conditions
of 12 h/12 h light/dark cycles, 22 ± 2 °C ambient temperature, 20 air
changes per hour, and air humidity about 55 ± 5%, housed in plastic
cages in groups of three and monitored daily, receiving food and water
ad libitum. The experimental procedures (EP induction, periodontal
treatment, and euthanasia) were carried out in the morning from July
2014 to November 2014. The experimental protocol was approved by
the Ethics Committee in Animal Use (#2014-00543) at the Araçatuba
Dental School, São Paulo State University. This research is in ac-
cordance with ARRIVE (Animal Research: Reporting of In Vivo
Experiments) (Kilkenny, Browne, Cuthill, Emerson, & Alman, 2010).

2.2. Experimental groups

Sample size was calculated based on previous histometric data (de
Almeida et al., 2008, 2015; Garcia et al., 2015) to achieve a 0.90 power
and 0.05 alpha error based on a 10% potential standard deviation and
the assumption that 10% difference between groups/periods would be
relevant. Based on this, 10 rats per group/period for percentage of bone
in the furcation (PBF), histologic, and immunohistochemistry analyses
were enough to reject the null hypothesis. The animals were numbered
sequentially from 1 to 120, and the experimental groups were assigned
as NEP 14, NEP 22, NEP 37, EP 14, EP 22, EP 37, SRP 14, SRP 22, SRP
37, SRP/GT 14, SRP/GT 22, and SRP/GT 37. These data were uploaded
to the software Minitab® 17 (Minitab Inc. State College, PA, USA),
which was used to randomize the animals to the experimental groups
and to generate a randomization table.

In accordance with the computer-generated random table, animals
were divided into the following groups: NEP (sham) (n=30): animals
in which simulation of EP was induced; EP (n= 30): animals that re-
ceived ligature induction of EP, which was maintained during the entire
experimental period; SRP (n=30): animals that received ligature in-
duction of EP, which was removed after 7 days, after which animals
were submitted to SRP and topical irrigation with 1ml physiological
saline solution; SRP/GT (n=30): animals that received ligature in-
duction of EP, which was removed after 7 days, after which animals
were submitted to SRP and topical irrigation with 1ml GTE (20mg/ml)
(Lee et al., 2004) (Fig. 1).

2.3. Preparation and analysis of the green tea

Dry GTE (Sanrisil, Itaquaquecetuba, São Paulo, Brazil) was added to
purified water until a concentration of 20mg/ml was reached
(Aphoticario pharmaceutical lab SA, Araçatuba, SP, Brazil). Its expira-
tion date was estimated to be 7 days after manufacturing.

High-performance liquid chromatography (HPLC) with C-18 reverse

Fig. 1. Scheme illustrating the experimental design. Presentation of the experimental procedures performed during the experimental period in the different groups.
Abbreviations EP, experimental periodontitis; FSS, physiological saline solution; GT, green tea; NEP, no experimental periodontitis; SRP, scaling and root planning.
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column and detection by UV was used to evaluate the polyphenols
(catechins) and the alkaloids (caffeine) in the tested solution. HPLC
(model LC20A, Shimadzu Co., Kyoto, Japan) attached to a 5-mm
Zorbax TC-C18 column (250×4.6mm, Agilent Technologies Inc. CA,
USA) was used to estimate caffeine (CAF) and catechins (epicatechins
[EC], epicatechin gallate [ECG], epigallocatechin [EGC], epigalloca-
techin gallate [EGCG], catechins [C], and total catechins [TC]) in the
GTE solution. Caffeine and catechins were identified through compar-
ison with an authentic standard.

2.4. Methods for induction of EP

The experimental procedures were started by sedation and general
anesthesia through a combination of 70mg/kg ketamine hydrochloride
(Vetaset; Zoetis, Florham Park, NJ, USA) and 6mg/kg xylazine hy-
drochloride (Coopazine; Coopers, São Paulo, Brazil) intramuscularly on
the biceps femoris of the rats’ right legs. Induction of EP was performed
by placing a #24 cotton floss (Corrente Cotton nº 24, Coats Corrente,
SP, Brazil) around the left inferior first molar and kept inside the gin-
gival sulcus by surgical knots (de Almeida et al., 2007).

2.5. Scaling, root planing, and topical irrigation

SRP was performed by a trained and blinded operator (VCNN) using
specific manual curettes (1–2 mini five Gracey curettes, Hu-Friedy,
Chicago, IL) in accordance with de Almeida et al. (2008). Irrigation was
conducted immediately after SRP in the SRP and SRP/GT groups.
Physiological saline solution or GTE was carefully injected inside the
periodontal pocket around the left inferior first molar using a 1-ml
syringe and insulin needle (13mm×0.45mm) without the bevel.

2.6. Experimental periods

Animals were euthanized with a lethal dose of sodium thiopental
(150mg/kg) (Cristália, Ltd., Itapira, SP, Brazil) 14, 22, or 37 days after
simulation (NEP group) or induction of EP (EP, SRP, and SRP/GT
groups). Immediately after euthanasia, mandibles were removed and
fixed with buffered 4% formaldehyde solution for 48 h.

2.7. Histological and immunohistochemical processing

All specimens were demineralized in buffered 10% ethylenediami-
netetraacetic acid (EDTA), followed by subsequent routine histological
processing and embedding in paraffin. Semi-serial 4-μm-thick sections
were obtained, advancing from buccal to lingual. Five equidistant
sections were stained with hematoxylin and eosin (HE) for histologic
and histometric analyses. Four other sections were submitted to im-
munohistochemistry for detection of IL-1ß, TNF-α, IL-10, and TRAP
using the following primary antibodies: anti-IL-1ß (SC-7884, Santa Cruz
Biotechnology, Santa Cruz, CA, USA), anti-TNF-α (SC-1348, Santa Cruz
Biotechnology, Santa Cruz, CA, USA), anti-IL-10 (SC-1783, Santa Cruz
Biotechnology, Santa Cruz, CA, USA), and anti-TRAP (SC 30833, Santa
Cruz Biotechnology, Santa Cruz, CA, EUA). The immunoperoxidase
technique was used in accordance with Garcia et al. (2013).

2.8. Analysis of the results

All examiners were calibrated and blinded to the experimental
groups. The examiners were trained, and the measurements for PBF,
TRAP, and semiquantitative IL-1ß, TNF-α, and IL-10 analyses were
performed twice.

2.9. Histological analysis

A certified histologist (EE) evaluated the following histological
parameters (de Almeida et al., 2015; Zuza et al., 2018): 1) intensity of

the inflammatory response; 2) extension of the inflammatory process;
3) external root resorption of cementum and dentin; 4) alveolar bone
resorption; 5) structural pattern of the connective tissue in the furcation
area; and 6) structural pattern of bone in the furcation area.

2.10. Histometric analysis of PBF

Another examiner (BMM) performed the histometric analysis using
computer software (Axiovision 4.8.2, Carl Zeiss MicroImaging GmbH,
07740 Jena, Germany) to determine the total furcation area (FA)
(mm2), located between the mesial and distal roots, and the area of
bone in the furcation (BA) (mm2), being the alveolar bone between the
mesial and distal roots. The PBF was calculated by multiplying the BA
by 100 and dividing by the FA (PBF= [BA×100]/FA) (Garcia et al.,
2015).

2.11. Immunohistochemical analysis

A certified histologist (EE) performed the semiquantitative im-
munohistochemical analysis of IL-1ß, TNF-α, and IL-10 in the entire
area of the furcation under light microscopy and 400x magnification
(Leica Microsystems, Wetzlar, Germany). The criteria for establishing
the immunoreactivity pattern followed the criteria described Garcia
et al. (2016): score 0= total absence of immunoreactivity (IR); score 1
(low IR)= few immunoreactive cells (≤10 cells per area) and weak
labeling in the extracellular matrix; score 2 (moderate IR)= a moderate
number of immunoreactive cells (11–20 cells per area) and moderate
labeling in the extracellular matrix; score 3 (high IR) = a large number
of immunoreactive cells (≥21 cells per area) and strong labeling in the
extracellular matrix. The multinucleated TRAP-positive cells were
quantified (VCNN) in accordance with Garcia et al. (2015) in the center
of the interradicular septum of a 1000× 1000-μm area at 100×
magnification. The coronary limit of this area was the outer contour of
the alveolar bone tissue in the furcation region, from which it extends
apically for a distance of 1000 μm. Five sections of each specimen were
analyzed.

2.12. Primary and secondary outcomes

The primary outcome was defined as the percentage of bone within
the region of interest. PBF (mm2) was considered the primary outcome
variable. The secondary outcome was to define the cellular events
(tissue response and immunolabeling patterns) related to the furcation
area over time in all experimental groups.

2.13. Statistical analyses

Data were analyzed using a software program (BioStat version 5.0,
Belém, PA, Brazil). The scores determined through the histological and
immunohistochemical analyses were submitted to analysis of variance
(ANOVA) with a Kruskal–Wallis test and Dunn’s posttest of multiple
comparisons (p < 0.05). Normality of PBF and TRAP was analyzed
using the Shapiro–Wilk test followed by ANOVA and Tukey’s posttest of
multiple comparisons (p≤ .05).

3. Results

3.1. Analysis of the GTE

The results shown by HPLC considering the concentration of poly-
phenols (catechins) and alkaloids (caffeine) in the tested solution were
as follows: CAF=1.53%, EGCG=27.4%, EGC=17.44%,
ECG=4.34%, EC=3.65%, GCG=0.87%, C=2.43%, TC=48.96%.
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3.2. Histological analysis

Within the parameters evaluated, the comparison among treatments
showed differences between the SRP/GT and SRP groups. The SRP/GT
group presented lower extension and intensity of the inflammatory
response and fewer inflammatory cells, extending just through part of
the connective tissue in the furcation area. The SRP/GT group also
presented less root resorption, with few activity sites, and alveolar bone
with a moderate number of resorption sites. The SRP/GT group also
presented a lower disruption pattern of the connective and bone tissues
in the furcation area, with a moderate number of collagen fibers and
fibroblasts, as well as irregular trabeculae with osteoblasts and osteo-
clasts on its surface (p < 0.05). Compared with the NEP group, the EP
and SRP groups showed higher extension and intensity of the in-
flammatory response, more root and bone resorption sites, and a higher
disruption pattern of the connective and bone tissues in the furcation
area in all experimental periods (p < 0.05). Compared with the NEP
group, the SRP/GT group showed more root and bone resorption

(p < 0.05) (Table 1) (Figs. 2 and 3).

3.3. Histometric analysis

The intergroup analysis showed a statistically significant lower PBF
in the EP group compared with the SRP and SRP/GT groups in all ex-
perimental periods. The SRP group showed a statistically significant
lower PBF compared with the SRP/GT group in all experimental per-
iods. The NEP group showed a statistically significant higher PBF
compared with the EP and SRP groups in all experimental periods and
presented no statistically significant difference compared with the SRP/
GT group (Table 2).

3.4. Immunohistochemical analysis

The analyses of IL-1ß and TNF-α showed a statistically significant
lower immunolabeling pattern in the NEP group in all experimental
periods compared with the EP, SRP, and SRP/GT groups. The SRP/GT

Table 1
Parameters, scores and specimens (%) distribution according to the histopathological analysis in the furcation of the left mandibular first molars for each group and
period.

Histopathological Analysis

Parameters and Scores Percentage of Scpecimens

Experimental Groups

NEP EP SRP SRP/GT

Periods 14d 22d 37d 14d 22d 37d 14d 22d 37d 14d 22d 37d

Intensity of the Local Inflamamtory Response
(0) Absence of inflammation 100 100 100 0 0 0 0 0 0 0 0 0
(1) Small amount of inflammatory cells 0 0 0 0 0 0 0 0 0 0 60 80
(2) Moderate amount of inflammatory cells 0 0 0 0 0 20 20 40 60 100 40 20
(3) Large amount of inflammatory cells 0 0 0 100 100 80 80 60 40 0 0 0
Medians and statistical analysis 0 0 0 3* 3* 3* 3* 3* 2* 2†‡ 1†‡ 1†‡

Extension of the Inflammation
(0) Absence of inflammation 100 100 100 0 0 0 0 0 0 0 0 0
(1) Extending to part of the connective tissue of the furcation area 0 0 0 0 0 0 0 0 0 0 60 80
(2) Extending to the whole connective tissue of the furcation area 0 0 0 0 0 20 20 40 60 100 40 20
(3) Extending to the whole connective tissue and to the bone tissue of the furcation area 0 0 0 100 100 80 80 60 40 0 0 0
Medians and statistical analysis 0 0 0 3* 3* 3* 3* 3* 2* 2†‡ 1†‡ 1†‡

External Root Resorption (Cementum and Dentin)
(0) Absent 100 100 100 0 0 0 0 0 0 0 0 0
(1) Only inactive resorption areas 0 0 0 0 0 0 0 0 0 20 40 40
(2) Few active resorption areas 0 0 0 0 0 40 20 40 60 80 60 60
(3) Many active resorption areas 0 0 0 100 100 60 80 60 40 0 0 0
Medians and statistical analysis 0 0 0 3* 3* 3* 3* 3* 2* 2*†‡ 2*†‡ 2*†‡

Alveolar Bone Resorption
(0) Within normality patterns 100 100 100 0 0 0 0 0 0 0 0 0
(1) Small amount of resorption bone 0 0 0 0 0 0 0 0 0 20 40 40
(2) Moderate amount of resorption bone 0 0 0 0 0 40 20 40 60 80 60 60
(3) Large amount of resorption bone 0 0 0 100 100 60 80 60 40 0 0 0
Medians and statistical analysis 0 0 0 3* 3* 3* 3* 3* 2* 2*†‡ 2*†‡ 2*†‡

Pattern of Structuration of the Connective Tissue
(0) Moderate amount of fibroblasts and large amount of collagen fibers (dense connective tissue) 100 100 100 0 0 0 0 0 0 0 0 0
(1) Moderate amount of both fibroblasts and collagen fibers 0 0 0 0 0 0 0 0 0 60 100 100
(2) Small amount of both fibroblasts and collagen fibers; presence of intersticial edema 0 0 0 60 60 80 80 100 100 40 0 0
(3) Severe tissue breakdown with intersticial edema and necrotic areas 0 0 0 40 40 20 20 0 0 0 0 0
Medians and statistical analysis 0 0 0 2* 2* 2* 2* 2* 1†‡ 1†‡ 1†‡

Pattern of Structuration of the Bone Alveolar
(0) Bone trabeculae with regular contour coated with active osteoblasts, including areas of new bone

formation
100 100 100 0 0 0 0 0 0 0 0 0

(1) Bone trabeculae with irregular contour coated with active osteoblasts and osteoclasts 0 0 0 0 0 0 0 0 0 60 100 100
(2) Bone trabeculae with irregular contour coated with active osteoclasts 0 0 0 60 60 80 80 100 100 40 0 0
(3) Areas of necrotic bone and bone trabeculae with irregular contour coated with active osteoclasts 0 0 0 40 40 20 20 0 0 0 0 0
Medians and statistical analysis 0 0 0 2* 2* 2* 2* 2* 2* 1†‡ 1†‡ 1†‡

Symbols: *, statistically significant difference with group NEP at the same time points; †, statistically significant difference with group EP at the same time points; ‡,
statistically significant difference with group SRP at the same time points. Kuskal-Wallis and Dunn’s post test (p≤ .05).
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group showed a statistically significant lower immunolabeling pattern
of TNF-α compared with the EP and SRP groups in all experimental
periods, as well as a statistically significant lower immunolabeling
pattern of IL-1ß compared with the EP group in all experimental per-
iods and at 14 days when compared with the SRP group. The NEP group
showed a statistically significant higher immunolabeling pattern of IL-
10 in all experimental periods compared with the EP group, at 14 and
22 days compared with the SRP group, and at 14 days compared with
the SRP/GT group. The SRP/GT group showed a statistically significant
higher immunolabeling pattern for IL-10 at 22 and 37 days compared
with the EP group, and at 22 days compared with the SRP group
(Table 3) (Fig. 4).

The intergroup analysis revealed a statistically significant smaller
number of TRAP-positive multinucleated osteoclasts in the SRP/GT
group compared with the EP and SRP groups in all experimental per-
iods. The EP group showed a statistically significant higher number of
TRAP-positive multinucleated osteoclasts compared with the SRP group
at 22 and 37 days and compared with the NEP group in all experimental
periods (Table 4) (Fig. 4).

4. Discussion

According to our results, we refute the null hypothesis. The GTE
used as adjuvant therapy to SRP presented lower extension and in-
tensity of the inflammatory response, lower pattern of pro-in-
flammatory cytokine, and less osteoclast activity with consequent lower
alveolar bone loss.

Interest in assessments of the efficiency of herbal medicine, such as
GTE, has been aroused due to its possibility as an alternative to

allopathy. Research has presented that release of catechins combined
with mechanical debridement improved periodontal conditions and
halted gingiva inflammation (Chava & Vedula, 2013; Hattarki, Pushpa,
& Bhat, 2013; Hirasawa, Takada, Makimura, & Otake, 2002; Kudva,
Tabasum, & Shekhawat, 2011; Rattanasuwan, Rassameemasmaung,
Sangalungkarn, & Komoltri, 2016; Taleghani, Rezvani, Birjandi, &
Valizadeh, 2018). However, more studies proposing and evaluating,
through histologic and immunohistochemical analyses, the mechanisms
of action of topical GTE adjuvant to SRP are needed.

The histopathologic evaluation in this research showed that the
SRP/GT group exhibited significantly lower values for all parameters
when compared with the SRP group. Moreover, this group showed no
significant difference in most parameters when compared with the NEP
group. The SRP/GT group showed the surface of alveolar bone with
active osteoblasts and osteoclasts and well-delimited bone trabeculae
and thick medullary spaces; additionally, the connective tissue showed
a moderate number of both fibroblasts and collagen fibers. These results
support that topical application of GTE, along with the absence of ad-
verse reactions to periodontium, greatly reduces the inflammatory
process and its damages to periodontal tissues. This is justified by the
efficiency of EGCG to inhibit expression of matrix metalloproteinase 9
(MMP-9) in osteoclasts, to recruit osteoblasts (Yun et al., 2004), and to
reduce the activity of nuclear factor kappa B (NF-κB) and secretion of
pro-inflammatory mediators and triggering receptor expressed on
myeloid cells 1 (TREM-1), a cell wall receptor present in macrophages,
involved with progression of inflammation (Lagha & Grenier, 2016). In
addition, EGCG can induce secretion of hBD by gingival epithelial cells
and prevent proteolytic degradation by microbial peptides (Lombardo
Bedran et al., 2014). Therefore, given that pathologic inflammation

Fig. 2. Histopathological aspects in the furcation of the left mandibular first molar at 14 days after ligature placement. (A–H) photomicrographs showing the features
of periodontal tissues in groups NEP (A and E), EP (B and F), SRP (C and G) and SRP/GT (D and H). Note the intense inflammatory infiltrate in the connective tissue
and extensive alveolar bone loss in group EP (B and F). Note the scarce inflammatory cells within the connective tissue and the minor alveolar bone loss in SRP/GT (D
and H). Abbreviations and symbols asterisk, inflammatory infiltrate; ab, alveolar bone; pdl, periodontal ligament; nb, necrotic bone. Staining Hematoxylin and Eosin
(HE). Original magnification A–D 50×; E–H 200×. Scale bars A–D 500 μm; E–H 150 μm.
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consists of loss of tolerance and/or regulative inflammation processes,
our results suggest plausible anti-inflammatory properties of green tea
polyphenols, illustrated by the better histopathologic characteristics
and reduced damage to soft and hard tissues in the SRP/GT group.
Comparing EP treatments, SRP/GT showed, on a significant level,
better structural pattern of connective and bone tissues than SRP in all
experimental periods, indicating that adjuvant therapy with topical
GTE improved periodontal repair. Some studies have demonstrated that
catechins present in green tea can enhance healing through maturation
and arrangement of collagen fibers (Kapoor, Howard, Hall, & Appleton,
2004; Kim et al., 2008). Based on the data from this research and ex-
isting literature on this subject, it is possible to presume that GTE, along
with standard periodontal therapy, could improve the healing process.

in vitro studies indicate the capability of catechins to inhibit

expression of IL-6, IL-8, IL-1β, and TNF-α (Hosokawa et al., 2010; Zhao,
La, & Grenier, 2013) and to increase IL-10 (Crouvezier, Powell, Keir, &
Yaqoob, 2001), highlighting their anti-inflammatory potential. In vivo
evaluation of the capacity of topical GTE to modulate inflammation
showed decreased immunolabeling for TNF-α and IL-1β in the SRP/GT
group compared with the EP group. The comparison between the SRP
and SRP/GT groups showed that SRP combined with adjuvant GTE
significantly reduced the immunolabeling pattern for IL-1β at 14 days
and TNF-α at all time points, as well as increased expression of IL-10 at
22 days. These results corroborate with the histologic analysis, which
indicated adjuvant therapy with GTE to be more effective than SRP
alone. Similar findings were described in in vivo experiments evalu-
ating green tea intake and its systemic effects in animals that underwent
induced EP (Cai et al., 2015) or on spontaneous alveolar bone loss in
diabetic animals (Catanzaro et al., 2018; Gennaro et al., 2015). In these
studies, researchers observed decreased expression of IL-1β, IL-6, IL-17,
and TNF-α (Cai et al., 2015) in EP, as well as decreased TNF-α and
increased IL-10 in those diabetic animals (Gennaro et al., 2015); fur-
thermore, a therapeutic effect on the diabetic vascular disorder was
observed (Catanzaro et al., 2018). In addition, a recent in vitro ex-
periment evaluated the effects of flavonoids present in black tea, made
from Camellia sinensis, and observed reduction in the secretion of IL-1β
and TNF-α (Ben Lagha et al., 2017).

Inhibition of IL-1β and TNF-α reduces progression of bone and in-
sertion losses (Graves, 2008). On the other hand, IL-10 plays a role in
potent downregulation of inflammatory bone resorption; its modulation
can inhibit osteoclastogenesis while stimulating osteoblast differentia-
tion, which may be beneficial for treatment of illness characterized by
bone loss (e.g., periodontitis) (Claudino et al., 2010; Zhang et al.,

Fig. 3. Histopathological aspects in the furcation of the left mandibular first molar at 37 days after ligature placement. (A–H) photomicrographs showing the features
of periodontal tissues in groups NEP (A and E), EP (B and F), SRP (C and G) and SRP/GT (D and H). Note the intense inflammatory infiltrate in the connective tissue
and extensive alveolar bone loss in group EP (B and F). Note the absence of inflammatory cells, large amount of fibroblasts and collagen fibers within the connective
tissue and the minor alveolar bone loss in SRP/GT (D and H). Abbreviations and symbols asterisk, inflammatory infiltrate; ab, alveolar bone; pdl, periodontal
ligament. Staining Hematoxylin and Eosin (HE). Original magnification A–D 50×; E–H 200×. Scale bars A–D 500 μm; E–H 150 μm.

Table 2
Means and standard deviations (M ± SD) of the histometric data for PBF in the
left mandibular first molars for each group and period.

Periods 14 days 22 days 37 days
PBF PBF PBF

NEP 80.29 ± 2.53 82.07 ± 3.27 82.54 ± 1.78
EP 34.65 ± 5.84* 42.67 ± 10.08* 38.77 ± 9.89*
SRP 61.60 ± 9.48*† 54.84 ± 9.06*† 53.25 ± 9.66*†
SRP/GT 74.65 ± 7.14†‡ 76.61 ± 5.36†‡ 79.24 ± 3.75†‡
N 40 40 40

Symbols: *, statistically significant difference with group NEP at the same time
points; †, statistically significant difference with group EP at the same time
points; ‡, statistically significant difference with group SRP at the same time
points. ANOVA and Tukey test (p≤ .05).

J.M. de Almeida, et al. Archives of Oral Biology 102 (2019) 65–73

70



Table 3
Scores, medians and specimens distribution (%) according to the immunohistochemical analysis of TNFα, IL-1β and IL-10 in the furcation of the left mandibular first
molars for each group and period.

TNF-α IL-1β IL-10

Periods n Groups Scores Medians Scores Medians Scores Medians

0 1 2 3 0 1 2 3 0 1 2 3

14 days n= 10 NEP 0 100 0 0 1 0 100 0 0 1 0 0 100 0 2
EP 0 0 0 100 3* 0 0 0 100 3* 0 100 0 0 1*

SRP 0 0 0 100 3* 0 0 0 100 3* 0 100 0 0 1*

SRP/GT 0 0 20 80 3*†‡ 0 0 80 20 2*†‡ 0 100 0 0 1*

22 days n= 10 NEP 0 100 0 0 1 0 100 0 0 1 0 0 100 0 2
EP 0 0 0 100 3* 0 0 0 100 3* 0 100 0 0 1*

SRP 0 0 20 80 3* 0 0 40 60 3* 0 100 0 0 1*

SRP/GT 0 0 100 0 2*†‡ 0 0 100 0 2*† 0 0 100 0 2†‡

37 days n= 10 NEP 0 100 0 0 1 0 100 0 0 1 0 0 100 0 2
EP 0 0 40 60 3* 0 0 20 80 3* 0 100 0 0 1*

SRP 0 0 20 80 2* 0 0 60 40 2* 0 40 60 0 2
SRP/GT 0 0 100 0 2*†‡ 0 0 100 0 2*† 0 0 100 0 2†

Symbols: *, statistically significant difference with group NEP at the same time points; †, statistically significant difference with group EP at the same time points; ‡,
statistically significant difference with group SRP at the same time points. Kuskal-Wallis and Dunn’s post test (p≤ .05).

Fig. 4. IL-1β, TNF-α, IL- 10 and TRAP immunolabeling in the furcation of the left mandibular first molar at 22 days after ligature placement. (A–P) Photomicrographs
showing the immunolabeling pattern for IL-1β (A–D), TNF-α (E–H), IL-10 (I–L) and TRAP (MeP) in the periodontal tissues in groups NEP (A, E, I and M), EP (B, F, J
and N), SRP (C, G, K and O) and SRP/GT (D, H, L and P). Note the higher immunolabeling pattern for IL-1β, TNF-α, TRAP and the lower immunolabeling pattern for
IL-10 in group EP. Note the lower immunolabeling pattern for IL-1β, TNF-α, TRAP, and the moderate immunolabeling pattern for IL-10 in group SRP/GT.
Abbreviations and symbols ab, alveolar bone; black arrows, immunolabeled cells. Counterstaining Harris Hematoxylin. Original magnification 1000×. Scale bars
50 μm.
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2014). Along with their anti-inflammatory potential, green tea ca-
techins protect periodontal tissues through inhibition of bone resorp-
tion and stimulation of osteoblastic differentiation in the presence of
RANKL (Nakamura et al., 2010), which is a binding receptor that acts
on the activation of osteoclastic activity (Cochran, 2008).

In our study, bone resorption activity was assessed by quantification
of TRAP-positive multinucleated osteoclasts. Our results demonstrated
a statistically significant smaller number of TRAP-positive multi-
nucleated osteoclasts in the SRP/GT group compared to the EP and SRP
groups in all experimental periods. According to Gennaro et al. (2015),
aside from regulating inflammatory cytokines, green tea intake de-
creased RANKL expression to homeostatic levels while increasing os-
teoprotegerin (OPG) and runt-related transcription factor 2 (RUNX-2).
Because IL-1β and TNF-α stimulate production of RANKL (Yucel-
Lindberg & Båge, 2013), the results presented by this animal experi-
ment indicate that reduction of these cytokines in the SRP/GT group
significantly reduced the amount of TRAP-positive multinucleated os-
teoclasts. Hence, a significant decrease in alveolar bone loss was ob-
served in animals treated with GTE compared with animals treated by
standard mechanical debridement.

The histologic and immunohistochemical results validate the
greater PBF in the SRP/GT group compared with the SRP group in all
experimental periods. Furthermore, absence of a significant difference
in PBF between the NEP and SRP/GT groups in all experimental periods
indicates promising results of adjuvant therapy with GTE for prevention
of alveolar bone loss caused by periodontitis. Therefore, it is possible to
infer that local modulation of inflammatory response by topical GTE
decreased alveolar bone loss in the SRP/GT group due to inhibition of
IL-1β, TNF-α, and TRAP and increased expression of IL-10.

The clinical crown of rats’ inferior first molars has the mesio-distal
dimension of 2mm, cervical-occlusal dimension of 1mm and approx-
imate sulcus depth of 0.2 mm. These reduced dimensions may provide
to this experimental model the possibility to mimic challenging con-
ditions of the clinical scenario, such as depressions, indentations, con-
cavities and furcations with limited access, for which mechanical deb-
ridement alone becomes less effective, and indicates the need for
adjuvant therapies. Hence, the mechanical periodontal treatment em-
ployed in the present model mimics limited access to furcations with
such reduced dimensions. Moreover, other studies (de Almeida et al.,
2008, 2015; Garcia et al., 2015, 2016) have already validated the re-
liability of this model, used for evaluation of local periodontal treat-
ment and adjuvant therapies.

However, assessments proving the effectiveness of herbal medica-
tion are necessary for its scientific validation and dissemination. The
results of this experiment elucidate some topics concerning the ther-
apeutic potential of topical GTE adjuvant to SRP for treatment of per-
iodontitis. The complexity of mechanisms involved in the pathogenesis
of periodontitis, from direct bacterial activity to indirect host immune
response, represents a need for other preclinical trials to better eluci-
date the way green tea topically acts in periodontal treatment.

Within the limits of the present animal experiment, we can conclude
that therapy with GTE adjuvant to SRP reduced inflammation, osteo-
clastic activity, and alveolar bone loss in EP.
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