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Background and Objective:	 Theaflavins	 (TFs),	 the	major	 polyphenol	 in	 black	 tea,	
have	the	ability	to	reduce	inflammation	and	bone	resorption.	The	aim	of	this	study	
was	to	evaluate	the	effects	of	TFs	on	experimental	periodontitis	in	rats.
Material and Methods:	Thirty	rats	were	divided	into	five	groups:	Control	(glycerol	ap‐
plication	without	ligation),	Ligature	(glycerol	application	with	ligation),	TF1	(1	mg/mL	
TF	application	with	ligation),	TF10	(10	mg/mL	TF	application	with	ligation),	and	TF100	
(100	mg/mL	TF	application	with	ligation).	To	induce	experimental	periodontitis,	liga‐
tures	were	placed	around	maxillary	first	molars	bilaterally.	After	ligature	placement,	
100 μL	glycerol	or	TFs	were	topically	applied	to	the	rats	daily,	and	rats	were	eutha‐
nized	 7	days	 after	 ligature	 placement.	 Micro-	computed	 tomography	 was	 used	 to	
measure	bone	resorption	in	the	left	side	of	the	maxilla,	and	quantitative	polymerase	
chain	 reaction	 was	 used	 to	 measure	 the	 expression	 of	 interleukin	 (IL)-6,	 growth-	
regulated	gene	product/cytokine-	induced	neutrophil	chemoattractant	(Gro/Cinc-1,	rat	
equivalent	of	IL-	8),	matrix	metalloproteinase-	9	(Mmp-9),	receptor	activator	of	nuclear	
factor-	kappa	Β	ligand	(Rankl),	osteoprotegerin	(Opg),	and	the	Rankl/Opg	ratio	in	gingi‐
val	tissue.	With	tissue	from	the	right	side	of	the	maxilla,	hematoxylin	and	eosin	stain‐
ing	was	 used	 for	 histological	 analysis,	 immunohistochemical	 staining	 for	 leukocyte	
common	antigen	(CD45)	was	used	to	assess	inflammation,	and	tartrate-	resistant	acid	
phosphatase	(TRAP)	staining	was	used	to	observe	the	number	of	osteoclasts.
Results:	The	TF10	and	TF100	groups,	but	not	the	TF1	group,	had	significant	inhibition	
of	alveolar	bone	loss,	reduction	in	inflammatory	cell	infiltration	in	the	periodontium,	
and	significantly	reduced	numbers	of	CD45-	positive	cells	and	TRAP-	positive	osteo‐
clasts	compared	with	the	Ligature	group.	Correspondingly,	the	TF10	and	TF100	groups	
had	significantly	downregulated	gene	expression	of	IL-6,	Gro/Cinc-1(IL-8),	Mmp-9,	and	
Rankl,	but	not	of	Opg.	Consequently,	Rankl/Opg	expression	was	significantly	increased	
in	the	Ligation	group	but	was	attenuated	in	the	TF10	and	TF100	groups.
Conclusion:	The	results	of	this	study	suggest	that	topical	application	of	TFs	may	re‐
duce	inflammation	and	bone	resorption	in	experimental	periodontitis.	Therefore,	TFs	
have	therapeutic	potential	in	the	treatment	of	periodontal	disease.
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1  | INTRODUC TION

Periodontal	disease	is	one	of	the	most	common	chronic	diseases	in	
humans	and	 is	 the	main	cause	of	 tooth	 loss.1	Periodontal	bacteria	
play	a	critical	role	in	the	primary	etiology	of	this	disease;	however,	
the	advanced	progression	of	periodontal	tissue	destruction	relies	on	
the	 host	 immune	 response.2	 Representative	 key	 proinflammatory	
cytokines	 and	 chemokines	 in	 the	 immune	 system	 are	 interleukin	
(IL)-	6	and	IL-	8,	respectively.	These	mediators	are	thought	to	be	as‐
sociated	with	the	progression	of	periodontal	disease,3	as	they	pro‐
mote	leukocyte	extravasation	and	induce	the	release	and	activation	
of	matrix	metalloproteinases	(MMPs),	especially	MMP-	9.4,5	MMP-	9	
plays	 an	 important	 role	 in	 the	 progression	 of	 periodontitis	 via	 re‐
moval	of	the	collagenous	layer	from	the	bone	surface,	which	helps	
initiate	osteoclastogenesis.6

Other	critical	factors	that	mediate	osteoclastogenesis	are	recep‐
tor	activator	of	nuclear	 factor-	kappa	B	 ligand	 (RANKL)	and	osteo‐
protegerin	(OPG).	RANKL	induces	osteoclast	formation	and	activity	
by	 interacting	with	 its	 receptor,	RANK,	which	 is	expressed	on	 the	
surface	of	osteoclasts,	whereas	OPG	competitively	binds	to	RANK	
to	abolish	this	effect.7	Thus,	the	RANKL/OPG	ratio	in	osteoclasto‐
genesis	is	a	major	determinant	of	bone	resorption.	In	inflamed	tissue,	
IL-	6	stimulates	the	secretion	of	RANKL	and	decreases	OPG	expres‐
sion,8,9	which	represents	the	activation	of	osteoclasts	and	results	in	
bone	loss.10

The	conventional	 treatment	 for	periodontitis	 relies	on	 the	me‐
chanical	removal	of	bacterial	plaque	from	the	periodontal	pockets	by	
scaling	and	root	planing.11	Recently,	a	new	treatment	strategy	based	
on	modulating	the	inflammatory	response	to	periodontal	disease	has	
been	advocated.12	Natural	plants	have	abundant	antiinflammatory	
materials,	many	 of	which	 are	 pharmacologically	 safe.13	 Therefore,	
plant	polyphenols	have	been	proposed	as	promising	compounds	for	
adjunctive	periodontal	therapy.14-16

Black	tea,	derived	from	the	leaves	of	Camellia sinensis	similar	to	
green	tea,	accounts	for	78%	of	the	world’s	tea	consumption.17	The	
major	 flavonoid	 in	green	 tea	 is	 catechin.	Correspondingly,	 theafla‐
vins	 (TFs)	 are	 the	 main	 polyphenol	 present	 in	 black	 tea,	 formed	
by	 enzyme-	catalyzed	 oxidative	 dimerization	 of	 catechins	 during	
fermentation	of	green	 tea	 to	black	 tea.	TFs	comprise	a	mixture	of	
theaflavin	 (TF-	1),	 theaflavin-	3-	gallate	 (TF-	2a),	 theaflavin-	3′-	gallate	
(TF-	2b),	 and	 theaflavin-	3,3′-	digallate	 (TF-	3).18	 Similar	 to	 catechins,	
previous	 studies	 have	 shown	 that	 TFs	 have	many	 positive	 effects	
on	human	health	including	antioxidant,19	antiinflammatory,20,21 and 
antitumor	 effects.22	 Furthermore,	 compared	 with	 catechins,	 TF-	3	
more	effectively	blocked	 lipopolysaccharide	 (LPS)-	induced	nuclear	
factor-	kappa	B	(NF-	κB)	activation	by	inhibiting	IkappaB	kinase	activ‐
ity	 in	murine	macrophages23	and	more	effectively	 inhibited	osteo‐
clast	formation.24

In	 dental	 research	 studies,	 TFs	 reduced	 IL-	8	 secretion	 in	 LPS-	
stimulated	 oral	 epithelial	 cells.25	 In	 addition,	 TF-	3	 inhibited	 tumor	
necrosis	 factor	 receptor	 superfamily	 14-	induced	 IL-	6	 production	
in	human	gingival	 fibroblasts.26	Recently,	 it	was	 reported	 that	TFs	
attenuated	 the	 secretion	 of	 IL-	6,	 chemokine	 ligand	 8	 (CXCL-	8	 or	

IL-	8),	 and	 MMP-	9	 in	 macrophages	 stimulated	 by	 Porphyromonas 
gingivalis.27

To	 date,	 many	 studies	 have	 shown	 the	 potential	 treatment	
effects	 of	 catechins	 on	 periodontitis	 in	 vitro	 and	 in	 vivo.28,29 
Recently,	locally	delivered	green	tea	extract	gel	has	been	used	as	
an	adjunct	to	nonsurgical	periodontal	treatment.30	However,	few	
studies	have	shown	the	potential	effects	of	TFs	in	the	control	of	
periodontal	disease,	and	these	studies	were	limited	to	in	vitro	ex‐
periments.27	 Thus,	 both	 the	 in	 vivo	 effects	 of	 TFs	 on	 individual	
inflammatory	responses	and	the	possibility	for	clinical	application	
are	poorly	understood.

Therefore,	the	aim	of	this	study	was	to	evaluate	the	therapeu‐
tic	effects	of	TFs	on	ligature-	induced	experimental	periodontitis	in	
rats.

2  | MATERIAL AND METHODS

2.1 | Animals and experimental design

All	 experimental	 procedures	 were	 approved	 by	 the	 Animal	
Experiments	 Committee	 of	 The	 Nippon	 Dental	 University	
School	of	Life	Dentistry	at	Tokyo	(No.	15-	23-	3).	A	total	of	thirty	
8-	week-	old	 male	 Wistar	 rats	 weighing	 180-	200	g	 (Clea	 Japan,	
Osaka,	 Japan)	 were	 included	 in	 the	 experiment.	 All	 rats	 were	
raised	in	cages	at	23°C	and	50%	humidity	under	a	12-	hours	light-	
dark	cycle,	and	received	water	and	food	ad	libitum.	Animals	were	
housed	in	this	environment	for	1	week	before	the	start	of	the	ex‐
periments.	 They	 were	 randomly	 divided	 into	 the	 following	 five	
groups	 (n	=	6):	 (a)	 Control,	 glycerol	 application	without	 ligation;	
(b)	 Ligature,	 glycerol	 application	with	 ligation;	 (c)	 TF1,	 1	mg/mL	
TF	 application	with	 ligation;	 (d)	 TF10,	 10	mg/mL	 TF	 application	
with	ligation;	and	(e)	TF100,	100	mg/mL	TF	application	with	liga‐
tion	(Figure	1).

F IGURE  1 Experimental	groups.	Control,	glycerol	application	
without	ligation;	Ligature,	glycerol	application	with	ligation;	
TF1,	1	mg/mL	TF	application	with	ligation;	TF10,	10	mg/mL	TF	
application	with	ligation;	and	TF100,	100	mg/mL	TF	application	
with	ligation
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2.2 | Ligature placement around the cervical 
region of the maxilla molar

To	 induce	 experimental	 periodontitis,	 ligature	 placement	 around	
the	molar	tooth	was	performed	according	to	the	method	of	Kuraji	
et	al.31	After	the	rats	were	anesthetized	with	sodium	pentobarbital	
(50	mg/kg),	a	sterile	3-	0	silk	suture	was	placed	around	each	cervix	
of	the	first	molar	 (M1)	on	bilateral	sides	 in	the	maxilla	 in	the	open	
mouth	state	using	Hashimoto’s	Gag	(Nonaka	Rikaki,	Tokyo,	Japan).	
The	knot	of	the	suture	was	fixed	with	composite	resin	to	the	mesial	
site	of	the	M1.	The	M1	in	the	Control	group	did	not	undergo	ligature	
placement.

2.3 | TFs preparation and treatment

Theaflavins	 were	 obtained	 from	 Yaizu	 Suisankagaku	 Industry	
(Shizuoka,	Japan),	and	the	constituent	molecular	species	of	TFs	were	
5%	TF1,	19%	TF-	2a,	7%	TF-	2b,	and	49%	TF-	3.	TF	concentrations	of	
1,	10,	or	100	mg/mL	were	dissolved	in	80%	glycerol.	After	ligature	
placement,	50	μL	TF	solution	was	topically	applied	to	rats	in	the	TF	
groups	around	each	M1	on	the	bilateral	side	once	a	day	for	1	week.	
In	the	Control	and	Ligature	groups,	only	80%	glycerol	was	topically	
applied	to	the	M1	in	the	same	manner	as	in	the	TF	groups.

2.4 | Sample collection

Rats	were	euthanized	under	general	anesthesia	7	days	after	ligature	
placement.	Gingival	tissues	on	the	left	side	of	the	M1	were	imme‐
diately	 removed	 and	 stored	 in	 Allprotect	 Tissue	 Reagent	 (Qiagen,	
Valencia,	CA)	at	−20°C.	The	maxilla	resected	from	the	rat	was	fixed	
in	4%	paraformaldehyde	for	1	day	and	then	transferred	to	70%	etha‐
nol	solution.

2.5 | Micro- computed tomography analysis

The	fixed	specimens	from	the	left	side	of	the	maxilla	were	scanned	
using	 a	 micro-	computed	 tomography	 (micro-	CT)	 imaging	 system	

(ScanXmate-	D100SS270;	Comscan,	Kanagawa,	Japan).	Measurement	
conditions	 for	 micro-	CT	 were	 as	 follows:	 tube	 voltage,	 65	kV;	
electrical	 current,	 80	μA;	 image	 pixel	 size,	 1024	×	1024;	 and	 slice	
thickness,	 15	μm.	After	 scanning,	 3-	dimensional	 (3D)	 images	were	
reconstructed	 using	 TRI/3D-	BON	 version	 64	 software	 (Ratoc	
System	Engineering,	Tokyo,	Japan)	in	three	regions	(mesial,	central,	
and	distal	sites)	of	the	M1	(Figure	2A),	the	distance	from	the	pala‐
tal	cemento-	enamel	junction	(CEJ)	to	the	alveolar	bone	crest	(ABC)	
was	measured	as	previously	described.32	The	average	of	the	three	
distances	was	defined	as	the	representative	value	for	each	rat.	The	
volumetric	measurement	of	 furcation	was	performed	after	 the	se‐
lection	of	a	region	of	interest	(ROI),	which	was	selected	according	to	
the	following	standardized	dimensions	and	anatomical	landmarks:	(a)	
a	line	0.5	mm	apical	to	the	CEJ	of	the	first	molar	as	the	coronal	limit	
extended	vertically	1	mm	to	the	root	apical,	(b)	a	line	3	mm	with	the	
mesial-	distal	dimension	from	the	mesial	CEJ	of	the	first	molar,	and	
(c)	a	line	2.5	mm	with	the	buccal-	palatal	dimension	(Figure	2B).	The	
microstructural	 parameter,	 bone	 volume	 fraction	 (BV/TV),	 which	
means	the	percentage	of	the	ROI	filled	with	bone	volume,	was	meas‐
ured	using	TRI/3D-	BON	software	(Ratoc	System	Engineering).

2.6 | Histopathological evaluation

The	right	side	of	each	maxilla	was	decalcified	with	10%	ethylenedi‐
aminetetraacetic	 acid	 solution	 (pH	7.0)	 (Muto	Pure	Chemicals	Co.,	
Tokyo,	 Japan)	 for	4	weeks	 at	4°C.	The	 tissue	blocks	were	embed‐
ded	in	paraffin,	and	serial	bucco-	lingual	sections	(5	μm	thick)	of	each	
maxilla	were	stained	with	hematoxylin	and	eosin	(H&E).

To	 confirm	 the	 presence	 of	 inflammatory	 cells,	 the	 pan-	
leukocyte	 marker	 CD45	 was	 stained	 by	 immunohistochemistry.	
To	 this	 end,	 the	 sections	 were	 deparaffinized,	 and	 antigens	 were	
retrieved	 by	microwaving	 in	 10	mmol/L	 Tris-	EDTA	 buffer	 (pH	 9.0)	
for	 10	minutes	 at	 90°C.	 Then,	 the	 sections	 were	 incubated	 with	
Dako	protein	block	solution	(Dako,	Carpinteria,	CA)	for	20	minutes	
to	block	nonspecific	 staining.	 Immediately	 afterward,	 the	 sections	
were	incubated	overnight	at	4°C	with	rabbit	anti-	CD45	primary	anti‐
body	(1:200,	ab10558;	Abcam,	Cambridge,	MA).	After	washing	with	

F IGURE  2 Reconstructed	3D	micro-	
CT	images.	A,	The	arrows	show	the	
distance	from	the	palatal	CEJ	to	the	ABC	
as	a	marker	of	alveolar	bone	height;	the	
length	of	three	areas	(mesial,	central,	
and	distal	sites)	of	the	maxillary	M1	
was	measured,	and	the	mean	value	was	
determined	as	experimental	data.	B,	A	
cube	region	was	selected	as	the	ROI	to	
evaluate	the	ratio	of	the	bone	volume	
fraction	(BV/TV)
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phosphate-	buffered	saline,	the	sections	were	incubated	for	1	hour	
with	goat	 anti-	rabbit	 IgG	as	 fluorescein	 secondary	 antibody	 (1:50,	
Alexa	 Fluor	 488;	 Abcam).	 Finally,	 the	 slides	 were	 mounted	 with	
SlowFade	 Gold	 antifade	 reagent	 with	 DAPI	 (Invitrogen,	 Carlsbad,	
CA).

To	 identify	 osteoclasts,	 tartrate-	resistant	 acid	 phosphatase	
(TRAP)	activity	was	detected	using	the	TRAP/ALP	Kit	 (Wako	Pure	
Chemical	Industries	Co.,	Osaka,	Japan).	TRAP	staining	solution	was	
added	 to	 the	 deparaffinized	 specimens	 and	 reacted	 for	 30	min‐
utes	 at	 room	 temperature	 with	 close	 monitoring	 until	 the	 bright	
red	 staining,	 representing	osteoclast	 activity,	was	 observed.	After	
washing	 with	 distilled	 water,	 tissues	 were	 counterstained	 with	
the	 nuclear	 staining	 solution	 included	 in	 the	 kit	 (blue	 color)	 and	
mounted	with	Vectamount	 (Vector	 Laboratories,	Burlingame,	CA).	
H&E	 and	 TRAP	 histological	 observations	 were	 performed	 from	
photographs	 captured	under	 an	optical	microscope	 (Nikon	Eclipse	
50i	POL	microscope;	Nikon	Instruments,	Tokyo,	Japan).	Digital	 im‐
ages	of	immunohistochemistry	were	recorded	by	virtual	microscopy	
(NanoZoomer	HT;	Hamamatsu	Photonics,	Hamamatsu,	Japan).

2.7 | Quantification of CD45-  and  
TRAP- positive cells

The	number	of	CD45-	positive	cells	was	calculated	according	to	the	
method	of	Yoshinaga	et	al28	with	some	modifications.	Four	square	
fields	(100	×	100	μm)	of	connective	tissue	adjacent	to	the	junctional	
epithelium	(JE)	were	selected	from	each	section	(Figure	3).	Three	tis‐
sue	sections	per	rat	specimen	(n	=	5	per	group)	were	measured,	and	
three	counted	outcomes	were	averaged	for	each	section.	Data	are	
expressed	as	the	mean	number	of	cells	per	1.0	mm2	of	connective	
tissue.

The	analysis	of	osteoclast	numbers	was	conducted	according	to	
the	method	of	 Sanbe	et	al.33	 The	 criteria	 for	 determination	of	 os‐
teoclasts	were	TRAP-	positive	multinucleated	cells.	The	numbers	of	
TRAP-	positive	multinucleated	 cells	 on	 the	 linear	 surface	of	 alveo‐
lar	bone	were	counted.	The	measurement	regions	were	performed	
based	on	 location	as	shown	 in	Figure	3,	and	 included	the	segment	
from	the	top	of	the	alveolar	bone	crest	to	the	starting	point	of	the	
curve	as	 the	horizontal	 segment	 (Line	X),	 and	 from	 the	 top	of	 the	
alveolar	 bone	 crest	 to	 the	 apex	 along	 the	periodontal	 ligament	 as	
the	vertical	segment	(Line	Y).	The	numbers	of	TRAP-	positive	multi‐
nucleated	cells	in	two	segments	were	divided	by	the	line	of	the	alve‐
olar	bone	surface.	Three	tissue	sections	per	rat	specimen	(n	=	6	per	
group)	were	measured,	and	three	counted	outcomes	were	averaged	
for	each	section.	Data	are	expressed	as	the	mean	number	of	cells	per	
1.0	mm	of	alveolar	bone.

2.8 | RNA extraction and quantitative polymerase 
chain reaction

Total	RNA	from	each	gingival	sample	(n	=	6	per	group)	was	extracted	
using	 the	Maxwell®	RSC	simplyRNA	Kits	 (Promega,	Madison,	WI).	
The	 purity	 and	 quantity	 of	 the	 RNA	 were	 evaluated	 using	 the	

NanoVue	Plus	spectrophotometer	(Biochrom	Ltd.,	Cambridge,	UK).	
Total	RNA	(1	μg)	was	synthesized	into	cDNA	using	the	SuperScript	
VILO	Master	Mix	(11755050;	Invitrogen).	Then,	the	cDNA	samples	
were	stored	at	−20°C.	The	relative	gene	expression	was	measured	
by	quantitative	polymerase	chain	reaction	(qPCR)	using	the	follow‐
ing	TaqMan	primers	and	probes	(TaqMan	Gene	Expression	Assays;	
Applied	Biosystems,	Carlsbad,	CA):	 IL-6	 (Rn01410330_m1),	Mmp-9 
(Rn00579162_m1),	 Rankl	 (Rn00589289_m1),	 Opg	 (Rn00563499_
m1),	 and	 the	 growth-	regulated	 gene	 product/cytokine-	induced	
neutrophil	 chemoattractant	 (Gro/Cinc-1,	 rat	 equivalent	 of	 IL-	8;	
Rn00578225_m1).	 It	 is	worth	 noting	 that	 rats	 do	 not	 have	 an	 or‐
tholog	 of	 the	 human	 IL-	8	 peptide,	 so	Gro/Cinc-1,	 a	 rat	 chemokine	
with	 structural	 and	 functional	 homology	 to	human	 IL-	8,	was	used	
in	this	study.34	Glyceraldehyde	3-	phosphate	dehydrogenase	(Gapdh; 
Rn01775763_g1)	was	used	as	a	housekeeping	gene	to	normalize	the	
amount	of	mRNA	present	in	each	reaction.	The	reactions	were	con‐
ducted	in	a	final	reaction	volume	of	20	μL	that	included	the	TaqMan	
Fast	 Advanced	Master	 Mix	 (Applied	 Biosystems),	 cDNA	 template	
(corresponding	 to	 10	ng/μL	 cDNA),	 primers,	 and	 probes.	 The	 op‐
timized	 thermal	 cycling	 conditions	were	 as	 follows:	 20	minutes	 at	
95°C,	followed	by	40	cycles	per	1	minute	at	95°C,	and	20	minutes	

F IGURE  3 Schematic	illustration	of	the	target	regions	of	CD45-	
positive	and	TRAP-	positive	multinucleated	cells	of	rat	periodontal	
tissue.	The	four	square	fields	(100	×	100	μm)	of	connective	tissue	
adjacent	to	the	JE	indicate	target	areas	that	were	used	to	count	
CD45-	positive	cells.	TRAP-	positive	multinucleated	cells	were	
calculated	on	the	linear	surface	of	the	alveolar	bone.	The	segment	
from	the	top	of	the	alveolar	bone	crest	to	the	starting	point	of	
the	curve	was	designated	as	the	horizontal	segment	(Line	X),	and	
that	from	the	top	of	the	alveolar	bone	crest	to	the	apex	along	the	
periodontal	ligament	was	designated	as	the	vertical	segment	(Line	
Y).	Black	arrow,	cemento-	enamel	junction.	ABC,	alveolar	bone	crest
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at	60°C.	To	compare	the	expression	levels	among	different	samples,	
the	relative	expression	level	of	the	genes	was	calculated	by	the	com‐
parative	CT	 (ΔΔCT)	method	using	StepOnePlus	 software	 (Applied	
Biosystems).

2.9 | Statistical analysis

To	calculate	the	sample	size	 in	each	group,	80%	power	to	recognize	
a	 significant	 difference	 among	 the	 groups	 with	 a	 95%	 confidence	
interval	 (a	=	0.05)	 was	 determined	 using	 G*Power	 3.1.9.2	 software	
(Heinrich-	Heine-	University	 Dusseldorf,	 Düsseldorf,	 Germany).	 The	
CEJ-	ABC	distance	in	our	pilot	study	was	considered.	Based	on	these	
data,	the	required	minimum	sample	size	of	rats	was	determined	as	6.

Normal	 distribution	 patterns	 for	 respective	 data	were	 demon‐
strated	by	the	Kolmogorov-	Smirnov	test.	One-	way	analysis	of	vari‐
ance	 and	 the	 post	 hoc	 Tukey	 test	were	 used	 to	 compare	 the	 five	
groups.	All	statistical	analyses	were	performed	with	SPSS	software	
(version	 15.0J;	 SPSS,	 Chicago,	 IL).	 P	 values	 less	 than	 0.05	 were	
considered	 statistically	 significant.	 The	 results	 are	 expressed	 as	
mean	±	standard	deviation	or	percentage.

3  | RESULTS

3.1 | Micro- CT analysis of bone resorption

The	 reconstructed	 3D	 images	 of	 the	 five	 groups	 are	 shown	 in	
Figure	4A.	The	CEJ-	ABC	distances	in	the	Ligature	group	and	all	
TF	groups	increased	compared	with	those	in	the	Control	group.	
However,	bony	breakdown	and	furcation	involvement	were	less	
severe	 in	 the	TF10	and	TF100	groups	 than	 in	 the	Ligature	and	
TF1	 groups.	 Measurement	 of	 the	 CEJ-	ABC	 distance	 revealed	
that	the	Ligature	group	had	the	most	severe	bone	resorption	of	
all	 groups	 (Figure	4B).	Only	 the	 TF10	 and	 TF100	 groups	 had	 a	
significant	distance	decrease	compared	with	the	Ligature	group	
by	 10%	 and	 12.6%,	 respectively	 (Figure	4B;	 P < 0.001).	 In	 the	
bone	volume	fraction	analysis,	the	BV/TV	ratio	(Figure	4C)	was	
remarkably	decreased	in	the	Ligature	group	(P < 0.001),	but	the	
decreased	 ratio	 was	 significantly	 attenuated	 in	 the	 TF10	 and	
TF100	groups.

There	were	no	significant	differences	 in	the	CEJ-	ABC	distance	
and	BV/TV	ratio	between	the	TF10	and	TF100	groups.

F IGURE  4 Effects	of	TFs	on	alveolar	bone	loss.	A,	Reconstructed	3D	micro-	CT	images	show	the	palatal	view	of	the	maxilla	(scale	
bar	=	3000	μm).	B,	The	CEJ-	ABC	distance	data	are	expressed	as	mean	±	SD.	C,	The	BV/TV	ratio	in	the	interradicular	regions	of	the	first	
molars	is	expressed	as	mean	±	SD.	#P < 0.05,	##P < 0.001	compared	with	the	Control	group;	*P < 0.05,	**P < 0.001	compared	with	the	
Ligature	group.	Control,	glycerol	application	without	ligation;	Ligature,	glycerol	application	with	ligation;	TF1,	1	mg/mL	TF	application	with	
ligation;	TF10,	10	mg/mL	TF	application	with	ligation;	and	TF100,	100	mg/mL	TF	application	with	ligation
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3.2 | Histological and quantitative analysis of 
inflammatory infiltration

H&E	staining	of	periodontal	tissue	exhibited	a	JE	that	was	situated	
in	 the	CEJ	 in	 the	Control	group	 (Figure	5A,F).	However,	compared	
with	 the	 Control	 group,	 the	 periodontal	 tissue	 in	 all	 of	 the	 other	
groups	with	ligature	placement	had	pouchlike	periodontal	pockets,	
and	apical	migration	of	the	JE	along	the	tooth	surface	was	apparent	
on	 the	 exposed	 cementum	 (Figure	5B-	J).	 The	 thin	 and	 discontinu‐
ous	JE	were	observed	in	the	Ligature	and	TF1	groups	(Figure	5G,H),	
whereas	 thick	 and	 continuous	 JE	were	 observed	 in	 the	 TF10	 and	
TF100	groups	(Figure	5I,J).

To	assess	 inflammatory	 infiltration,	H&E	staining	and	 immuno‐
histochemical	staining	for	CD45	(also	known	as	leukocyte	common	
antigen)	were	 performed.	Very	 few	 inflammatory	 cells	were	 pres‐
ent	around	the	connective	tissue	in	the	Control	group	(Figures	5A,F	
and	 6A),	 and	 the	 number	 of	 CD45-	positive	 cells	 was	 3.1	±	0.3	 
cells/mm2	 (Table	1).	 Compared	 with	 the	 Control	 group,	 all	 other	
groups	with	ligature	placement	had	significantly	increased	numbers	
of	CD45-	positive	cells	(P	<	0.001).	In	the	Ligature	group	(Figures	5B,G	
and	 6B)	 and	 the	 TF1	 group	 (Figures	5C,H	 and	 6C),	 inflammatory	
cells	 infiltrated	 into	 the	 lamina	 propria,	 and	 abundant	 numbers	 of	
CD45-	positive	 cells	 were	 observed.	 The	 TF10	 (Figures	5D,I	 and	
6D)	and	TF100	(Figures	5E,J	and	6E)	groups	showed	a	decrease	 in	
both	the	number	of	 inflammatory	cells	and	apical	migration	of	the	

JE	compared	with	the	Ligature	and	TF1	groups.	Consistent	with	this	
result,	 the	 numbers	 of	 CD45-	positive	 cells	 were	 significantly	 de‐
creased	in	the	TF10	and	TF100	groups	compared	with	the	Ligature	
and	TF1	groups,	but	there	was	no	significant	difference	in	cell	num‐
ber	between	the	TF10	and	TF100	groups	(Table	1).

3.3 | Histological and quantitative analysis of 
osteoclast numbers

TRAP	staining	of	the	periodontal	tissue	showed	that	only	a	few	os‐
teoclasts	were	present	on	the	Line	X	and	Y	segments	of	the	Control	
group	 (Figure	7A,F),	and	quantification	of	 the	Line	X	+	Y	segments	
was	 1.8	±	0.6	cells/mm	 (Table	2).	 Numerous	 TRAP-	positive	 os‐
teoclasts	 were	 observed	 in	 the	 Ligature	 (Figure	7B,G)	 and	 TF1	
(Figure	7C,H)	 groups,	 and	 quantification	 of	 the	 Line	 X	+	Y	 seg‐
ments	was	11.7	±	1.3	and	9.3	±	2.4	cells/mm,	respectively	(Table	2).	
However,	 the	 TRAP-	positive	 cells	were	 evidently	 reduced	 in	 both	
TF10	(Figure	7D,I)	and	TF100	(Figure	7E,J)	groups.

To	identify	correlating	morphological	changes,	we	evaluated	the	
number	of	TRAP-	positive	cells	with	Line	X	and	Line	Y	segments	sep‐
arately.	On	the	Line	X	segment,	the	Ligature	group	showed	a	signifi‐
cantly	increased	number	of	TRAP-	positive	cells	on	the	alveolar	bone	
surface	compared	with	the	Control	group	(Ligature,	18.0	±	4.9	cells/
mm; P < 0.001)	(Table	2).	This	result	was	similar	to	the	TF1	group	com‐
pared	with	the	Control	group	(TF1,	12.4	±	5.0	cells/mm;	P < 0.001),	

F IGURE  5 Histological	evaluation	of	inflammatory	infiltration	by	H&E	staining.	H&E	staining	of	specimens	from	the	Control	group	(A,	
F),	Ligature	group	(B,	G),	TF1	group	(C,	H),	TF10	group	(D,	I),	and	TF100	group	(E,	J).	Higher	magnification	micrographs	show	that	the	TF10	
(I)	and	TF100	(J)	groups	had	reduced	inflammatory	cell	infiltration	and	less	cementum	exposed	than	the	Ligature	(G)	and	TF1	(H)	groups.	
Control,	glycerol	application	without	ligation;	Ligature,	glycerol	application	with	ligation;	TF1,	1	mg/mL	TF	application	with	ligation;	TF10,	
10	mg/mL	TF	application	with	ligation;	and	TF100,	100	mg/mL	TF	application	with	ligation.	Black	arrows,	cemento-	enamel	junction	(CEJ);	
white	arrows,	junctional	epithelium	(JE).	Scale	bar	=	200	μm

(A) (B) (C) (D) (E)

(F) (G) (H) (I) (J)
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but	there	was	no	significant	difference	compared	with	the	Ligature	
group.	In	contrast,	the	numbers	of	TRAP-	positive	osteoclasts	in	the	
TF10	and	TF100	groups	were	significantly	 lower	than	those	 in	the	
Ligature	group	(TF10,	6.1	±	2.4	cells/mm;	TF100;	7.1	±	5.2	cells/mm;	
P < 0.001),	but	no	significant	difference	was	observed	between	the	
TF10	and	TF100	groups.	On	the	Line	Y	segment,	compared	with	the	
Control	group,	all	other	groups	with	ligature	placement	had	signifi‐
cantly	increased	numbers	of	TRAP-	positive	cells	(P < 0.05),	with	the	
exception	 of	 the	 TF100	 group	 (Table	2).	 However,	 the	 difference	
among	all	groups	with	 ligature	placement	was	not	statistically	 sig‐
nificant	(P > 0.05).

3.4 | mRNA expression of inflammatory mediators 
in gingival tissue

To	observe	the	expression	of	inflammatory	mediator-	related	genes,	
the	 mRNA	 levels	 in	 rat	 gingival	 tissues	 were	 evaluated	 by	 qPCR	
(Figure	8).	 A	 significant	 increase	 in	 the	 mRNA	 expression	 of	 IL-6,	
Mmp-9	 (P < 0.001),	 and	Gro/Cinc-1(IL-8)	 (P < 0.05)	was	 observed	 in	
the	Ligature	group	compared	with	the	Control	group.	The	TF1	group	
showed	a	tendency	to	repress	the	expression	of	inflammatory	me‐
diators,	and	only	the	mRNA	expression	of	IL-6	was	significantly	lower	
than	that	 in	 the	Ligature	group	 (Figure	8A;	P < 0.05).	On	the	other	
hand,	 the	 TF10	 and	 TF100	 groups	 exhibited	 significantly	 attenu‐
ated	expression	of	IL-6	(P < 0.001),	Mmp-9,	and	Gro/Cinc-1	(P < 0.05)	

relative	 to	 the	 Ligature	 group	 (Figure	8A-	C).	Rankl	 expression	was	
markedly	higher	 in	 the	Ligature	 group	 compared	with	 the	Control	
group	 (Figure	8D;	 P < 0.001).	 As	 expected,	 the	 TF10	 and	 TF100	
groups	 had	 significant	 inhibition	 of	 ligature-	induced	Rankl	 expres‐
sion	 (Figure	8D;	P < 0.05).	Conversely,	compared	with	 the	Ligature	
group,	there	was	no	significant	difference	in	Opg	expression	among	
all	 groups	 (Figure	8E).	 Consequently,	 the	 Rankl/Opg	 ratio	 was	 re‐
markably	 increased	 in	 the	Ligature	group	 (P < 0.001),	whereas	 the	
elevated	ratio	was	significantly	attenuated	 in	 the	TF10	and	TF100	
groups	(Figure	8F;	P < 0.05).

4  | DISCUSSION

Ligature-	induced	 experimental	 periodontitis	 has	 been	 a	 reliable	
and	widely	used	technique	for	decades.35	After	ligature	placement	
around	the	cervical	region	of	the	M1,	a	large	amount	of	plaque	and	
sulcular	 epithelium	ulceration	 is	 induced.36	 This	 action	 causes	 the	
host	 immune	 response	 that	 leads	 to	 inflammatory	 cell	 infiltration	
into	the	gingival	tissue	and	bone	resorption.	In	this	study,	numerous	
inflammatory	cells	 infiltrated	into	the	 lamina	propria,	and	JE	apical	
migration	was	observed	histologically	in	the	Ligature	group,	7	days	
after	 ligature	 placement.	 In	 addition,	micro-	CT	 results	 showed	 an	
increased	CEJ-	ABC	distance	 in	 the	 Ligature	 group	 compared	with	
the	Control	group.	These	results	were	in	accordance	with	those	by	

F IGURE  6 Histological	evaluation	of	inflammatory	infiltration	by	immunohistochemical	staining.	CD45	(green)	staining	of	specimens	
from	the	Control	group	(A),	Ligature	group	(B),	TF1	group	(C),	TF10	group	(D),	and	TF100	group	(E).	Nuclear	counterstaining	by	DAPI	(blue)	
in	fluorescent	images.	Higher	magnification	micrographs	in	the	upper	right	corner	show	that	the	TF10	(D)	and	TF100	(E)	groups	had	reduced	
CD45-	positive	cell	infiltration	compared	with	the	Ligature	(B)	and	TF1	(C)	groups.	Control,	glycerol	application	without	ligation;	Ligature,	
glycerol	application	with	ligation;	TF1,	1	mg/mL	TF	application	with	ligation;	TF10,	10	mg/mL	TF	application	with	ligation;	and	TF100,	
100	mg/mL	TF	application	with	ligation.	Scale	bar	=	200	μm

(A) (B) (C) (D) (E)

TABLE  1 Quantitative	analysis	of	CD45-	positive	cells	(mean	±	SD)

Number of CD45- positive cells/
unit square (cells/mm2) Control Ligature TF1 TF10 TF100

Cell	numbers	×	102 3.1 ± 0.3 23.8 ± 2.6## 20.9 ± 3.1## 15.1 ± 1.6##,**,¶ 12.8 ± 1.3##,**,¶¶

Control,	glycerol	application	without	ligation;	Ligature,	glycerol	application	with	ligation;	TF1,	1	mg/mL	TF	application	with	ligation;	TF10,	10	mg/mL	
TF	application	with	ligation;	and	TF100,	100	mg/mL	TF	application	with	ligation.
##P < 0.001	was	considered	significantly	different	compared	with	the	Control	group.	**P < 0.001	was	considered	significantly	different	compared	with	
the	Ligature	group.	¶P < 0.05,	¶¶P < 0.001	was	considered	significantly	different	compared	with	the	TF1	group.
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Liu	et	al37	who	found	large	gingival	inflammation	and	alveolar	bone	
resorption	7	days	after	ligation,	which	stabilized	after	11	days.	These	
results	indicate	that	experimental	periodontitis	was	successfully	es‐
tablished	in	this	study.

As	aforementioned,	 inhibition	of	 inflammatory	cell	 recruitment	
and	proinflammatory	mediator	production	is	considered	an	import‐
ant	step	to	target	in	the	treatment	of	periodontitis.	Recently,	poly‐
phenols	were	shown	to	modulate	the	host	response,	and	their	 low	
toxicity	has	caused	them	to	receive	much	attention.14	TFs,	the	major	
polyphenol	in	black	tea,	have	many	well-	documented	antiinflamma‐
tory	and	antiosteoclastogenesis	effects.	Therefore,	 this	 study	was	
designed	 to	 determine	 whether	 TFs	 can	 inhibit	 inflammation	 and	
bone	loss	in	a	ligature-	induced	experimental	model.	To	the	best	of	

our	knowledge,	this	is	the	first	study	to	evaluate	the	effects	of	TFs	
on	ligature-	induced	experimental	periodontitis	in	rats.

Several	 studies	 have	 investigated	 the	 pharmacological	 effects	
of	TFs.	For	example,	in	a	previous	study,	oral	administration	of	50-	
200	mg/kg	TFs	for	5	weeks	led	to	the	dose-	dependent	attenuation	
of	 cadmium-	induced	 testicular	 toxicity	 in	 male	 rats.38	 Numerous	
studies	 have	 shown	 that	 TFs	 have	 poor	 systemic	 bioavailability	
by	 oral	 administration.	 In	 a	 human	 study,	 after	 consumption	 of	
700	mg	of	TFs,	 the	maximum	concentration	of	TFs	 in	 plasma	was	
only	1.0	ng/mL.39	Recently,	Pereira-	Pereira-	Caro	et	al40	found	that	
TFs	were	not	absorbed	in	either	the	upper	or	lower	gastrointestinal	
tract.	Therefore,	 in	 this	 study,	we	decided	 to	 administer	TFs	 topi‐
cally,	instead	of	by	oral	administration.

F IGURE  7 Histological	evaluation	of	osteoclasts.	Osteoclasts	were	stained	red	by	TRAP	staining.	Specimens	from	the	Control	group	(A,	
F),	Ligature	group	(B,	G),	TF1	group	(C,	H),	TF10	group	(D,	I),	and	TF100	group	(E,	J)	are	shown.	Higher	magnification	micrographs	show	that	
the	Control	group	(F)	had	few	TRAP-	positive	cells	on	the	Line	Y	segment.	The	TF10	(I)	and	TF100	(J)	groups	had	fewer	TRAP-	positive	cells	
than	the	Ligature	(G)	and	TF1	(H)	groups,	especially	on	the	Line	X	segment.	Control,	glycerol	application	without	ligation;	Ligature,	glycerol	
application	with	ligation;	TF1,	1	mg/mL	TF	application	with	ligation;	TF10,	10	mg/mL	TF	application	with	ligation;	and	TF100,	100	mg/mL	TF	
application	with	ligation.	ABC,	alveolar	bone	crest.	Scale	bar	=	200	μm

(A) (B) (C) (D) (E)

(F) (G) (H) (I) (J)

TABLE  2 Quantitative	analysis	of	TRAP-	positive	osteoclasts	(mean	±	SD)

Number of cells/bone surface 
length (cells/mm) Control Ligature TF1 TF10 TF100

Line	X	+	Y	segment 1.8 ± 0.6 11.7 ± 1.3## 9.3	±	2.4## 7.0 ± 2.0##,* 7.2	±	2.4##,*

Line	X	segment 0.3 ± 0.5 18.0	±	4.9## 12.4	±	5.0## 6.1	±	2.4#,** 7.1 ± 5.2#,**

Line	Y	segment 2.8 ± 0.8 8.9 ± 1.9## 8.8	±	1.4# 8.8 ± 3.1# 6.0 ± 3.0

TRAP,	tartrate-	resistant	acid	phosphatase;	Control,	glycerol	application	without	ligation;	Ligature,	glycerol	application	with	ligation;	TF1,	1	mg/mL	TF	
application	with	ligation;	TF10,	10	mg/mL	TF	application	with	ligation;	and	TF100,	100	mg/mL	TF	application	with	ligation.
#P < 0.05,	 ##P < 0.001	was	 considered	 significantly	different	 compared	with	 the	Control	 group.	 *P < 0.05,	 **P < 0.001	was	 considered	 significantly	
	different	compared	with	the	Ligature	group.
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To	confirm	the	antiinflammatory	effects	of	TFs	in	experimental	
periodontitis,	we	evaluated	the	periodontal	tissue	by	H&E	and	im‐
munohistochemical	 staining	 for	 CD45,	 which,	 as	 a	 pan-	leukocyte	
marker,	 is	 widely	 used	 to	 evaluate	 the	 inflammatory	 response.	 A	
previous	 study	 showed	 the	presence	of	many	CD45-	positive	 cells	
in	the	gingival	biopsies	obtained	from	patients	with	periodontitis.41 
Moreover,	we	used	qPCR	to	assess	changes	in	the	mRNA	expression	
of	 inflammatory	mediators	 in	gingival	 tissue.	Histological	observa‐
tions	demonstrated	that	the	TF10	and	TF100	groups	had	decreased	
inflammatory	cell	infiltration	and	a	decreased	distance	of	apical	mi‐
gration	of	the	JE	compared	with	the	Ligature	and	TF1	groups.	These	
results	were	 further	confirmed	by	the	observation	and	quantifica‐
tion	of	CD45-	positive	cells.	Similar	 results	were	observed	with	 in‐
flammatory	mediators	in	gingival	tissues.	In	the	Ligature	group,	the	
mRNA	 expression	 of	 IL-6,	Gro/Cinc-1(IL-8),	 and	Mmp-9	 was	 signifi‐
cantly	increased	compared	with	the	Control	group,	but	was	signifi‐
cantly	downregulated	in	the	TF10	and	TF100	groups.	These	results	
are	in	agreement	with	previous	studies,	which	reported	that	TFs	can	
inhibit	 IL-6	 expression	 by	 downregulating	 NF-	κB	 activation.20,21,42 
In	addition,	TFs	can	attenuate	 the	 secretion	of	 IL-8	 in	oral	epithe‐
lial	 cells	 after	 stimulation	with	 LPS	 by	 inhibiting	 activation	 of	 the	
IkappaB	kinase	and	activator	protein-	1	pathways.25,43	Recently,	Ben	
Lagha	 and	 Grenier27	 reported	 that	 TFs	 can	 inhibit	 IL-	6,	 IL-	8,	 and	
MMP-	9	secretion	from	P. gingivalis-	stimulated	macrophages,	mostly	
likely	by	blocking	activation	of	the	NF-	κB	signaling	pathway.	These	

data	indicate	that	TFs	may	play	a	significant	role	in	antiinflammatory	
effects.

Next,	we	investigated	the	effects	of	TFs	on	osteoclast	forma‐
tion	 and	 alveolar	 bone	 resorption.	 First,	 we	 determined	 the	 os‐
teoclast	 cell	 number	by	TRAP	 staining,	 as	TRAP	 is	 an	 important	
cytochemical	marker	of	osteoclasts.	The	Control	group	exhibited	
several	 TRAP-	positive	 osteoclasts	 on	 the	 alveolar	 bone	 surface,	
which	 corresponded	 to	 normal	 bone	 metabolism.	 On	 the	 other	
hand,	the	Ligature	group	had	many	TRAP-	positive	osteoclasts	on	
both	segments,	especially	on	the	Line	X	segments.	This	may	have	
been	due	to	its	proximity	to	the	ligated	suture,	which	induced	in‐
flammatory	 cell	 infiltration.	 Therefore,	 we	 separated	 the	 Line	 X	
and	 Line	 Y	 segments	 to	 evaluate	 the	 effect	 of	 TFs	 in	 different	
regions.	As	expected,	 the	numbers	of	TRAP-	positive	 cells	 in	 the	
TF10	and	TF100	groups	were	significantly	lower	than	those	in	the	
Ligature	group	on	 the	Line	X	segment.	 Interestingly,	on	 the	Line	
Y	segment,	all	other	groups	with	ligature	placement,	with	the	ex‐
ception	of	the	TF100	group,	had	significantly	 increased	numbers	
of	TRAP-	positive	cells	compared	with	the	Control	group.	This	may	
have	been	due	to	the	concentration	gradient	of	TFs,	as	high	con‐
centrations	 of	 TFs	 can	 taper	 down	 to	more	 distant	 sites	 on	 the	
Line	Y	segment.	Consistent	with	the	histological	findings	by	TRAP	
staining,	 micro-	CT	 analysis	 showed	 that	 the	 TF10	 and	 TF100	
groups	had	less	alveolar	bone	resorption	and	a	higher	BV/TV	ratio	
than	the	Ligature	and	TF1	groups.

F IGURE  8 Effects	of	TFs	on	the	mRNA	expression	of	(A)	IL-6,	(B)	Gro/Cinc-1	(IL-8),	(C)	Mmp-9,	(D)	Rankl,	and	(E)	Opg	(F)	and	the	Rankl/Opg 
expression	ratio	in	the	gingival	tissue	of	rats,	as	determined	by	qPCR.	The	data	were	normalized	to	the	housekeeping	gene,	Gapdh.	Data	are	
expressed	as	mean	±	SD.	#P < 0.05,	##P < 0.001	compared	with	the	Control	group;	*P < 0.05,	**P < 0.001	compared	with	the	Ligature	group.	
IL,	interleukin;	Gro/Cinc-1,	rat	equivalent	of	IL-	8;	Mmp,	matrix	metalloproteinase;	Rankl,	receptor	activator	of	nuclear	factor-	kappa	B	ligand;	
Opg,	osteoprotegerin.	Control,	glycerol	application	without	ligation;	Ligature,	glycerol	application	with	ligation;	TF1,	1	mg/mL	TF	application	
with	ligation;	TF10,	10	mg/mL	TF	application	with	ligation;	and	TF100,	100	mg/mL	TF	application	with	ligation
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To	understand	the	mechanisms	underlying	osteoclast	differen‐
tiation	and	 formation,	osteoclastogenesis-	related	genes	 in	gingival	
tissues	were	evaluated	by	qPCR.	The	critical	factor	in	bone	resorp‐
tion	is	the	Rankl/Opg	ratio.44	In	periodontitis,	RANKL	is	upregulated,	
whereas	 OPG	 is	 downregulated	 compared	 to	 healthy	 periodontal	
tissue,	resulting	 in	an	 increased	RANKL/OPG	ratio.45	 In	this	study,	
the	TF10	and	TF100	groups	had	 less	expression	of	Rankl	 than	the	
Ligature	and	TF1	groups.	On	the	other	hand,	Opg	expression	tended	
to	increase	in	all	TF	groups,	but	the	difference	was	not	significant.	
The	TF10	and	TF100	groups	had	attenuation	of	the	Rankl/Opg	ratio	
compared	 with	 the	 Ligature	 group.	 Therefore,	 inhibition	 of	 Rankl 
expression	by	TFs	may	be	an	important	mechanism	underlying	the	
reduction	in	osteoclast	differentiation,	formation,	and	bone	loss	 in	
experimental	periodontitis.

Taken	together,	our	results	suggest	that	TFs	may	play	important	
roles	in	inhibiting	alveolar	bone	resorption,	possibly	by	suppressing	
inflammatory	mediators	that	cause	osteoclastogenesis.46	Expression	
of	 the	 inflammatory	 mediators	 and	 the	 Rankl/Opg	 expression	
ratio,	 as	determined	by	qPCR,	was	 consistent	with	 the	number	of	
TRAP-	positive	 cells	 on	 the	 Line	X	 segment.	 TFs	 have	 recently	 re‐
ceived	much	 attention	 regarding	 their	 ability	 to	 inhibit	 osteoclast	
cell	 formation	 and	 differentiation.	 TF-	3	 can	 inhibit	 the	 expression	
of	osteoclast-	related	genes	including	TRAP	by	suppressing	the	ERK	
pathway.47	Nishikawa	et	al48	showed	that	TF-	3,	which	selectively	re‐
duces	Dnmt3	methyltransferase	activity	stimulated	by	RANKL,	can	
reduce	osteoclast	differentiation.	These	studies	 reinforce	 the	 the‐
ory	that	TFs	can	directly	act	on	osteoclasts.	Additional	studies	are	
required	to	better	understand	the	effects	of	TFs	in	periodontal	dis‐
ease,	and	to	determine	whether	TFs	can	act	directly	on	osteoclasts	
in	ligature-	induced	experimental	periodontitis.

In	conclusion,	the	results	of	this	study	demonstrate	that	the	topi‐
cal	application	of	TFs	significantly	reduces	periodontal	tissue	inflam‐
mation	and	alveolar	bone	loss,	suggesting	that	TFs	have	therapeutic	
effects	in	periodontal	disease.
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