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ABSTRACT
 
	 Nicotine	has	a	deleterious	impact	on	gingival	fibroblast	cell	viability,	adhesion,	and	
migration.	Less	is	known	regarding	the	effect	of	cotinine,	the	main	metabolite	of	nicotine,	on	
such	processes.	The	objective	of	this	study	was	to	determine	if	cotinine	affects	the	adhesion	or	
migration	of	Human	Gingival	Fibroblasts	(HGF)	in	culture.	HGF	were	treated	with	nicotine	
or	cotinine	at	several	concentrations	and	dose-response	cytotoxicity	was	determined	by	MTT	
assay.	The	effects	of	nicotine	and	cotinine	on	HGF	adhesion	were	measured	colorimetrically	
and	cell	migration	was	determined	using	the	scratch	wound	assay.	The	number	of	HGF	oriented	
parallel to the wound edge at 24 hours was counted using phase contrast images. Data were 
analyzed	using	ANOVA	and	Dunnet’s	multiple	comparison	post-test.	At	the	highest	concentra-
tions	of	cotinine	(640	ng/ml)	and	nicotine	(400	µg/ml)	both	HGF	survival	and	cell	adhesion	
were	significantly	inhibited	(p<0.01).	By	scratch	wound	assay	HGF	migration	from	the	wound	
edge	at	24	hours	was	significantly	inhibited	by	320	ng/ml	(p<0.001)	and	640	ng/ml	(p<0.001)	
cotinine,	and	by	400	µg/ml	(p<0.01)	nicotine.	HGF	migration	was	significantly	 inhibited	by	
80	ng/ml	(p<0.05),	320	ng/ml	(p<0.01)	and	640	ng/ml	(p<0.001)	cotinine	and	by	100	µg/ml	
(p<0.01),	200	µg/ml	(p<0.01)	and	400	µg/ml	(p<0.001)	nicotine	at	48	hours.	Significantly	more	
HGF	were	oriented	parallel	to	wound	edge	with	pre	treatment	of	10	ng/ml	cotinine	or	50	µg/ml	
nicotine	before	wounding	(p<0.001).	In	HGF	exposed	to	nicotine	(400	µg/ml)	or	cotinine	(640	
ng/ml),	cell	survival,	cell	adhesion,	and	migration	were	significantly	decreased,	but	cell	polarity	
was	not	affected.	These	concentrations	are	within	ranges	of	serum	levels	in	smokers,	providing	
evidence	that	multiple	cellular	aspects	of	wound	healing	are	compromised	in	tobacco	users.

KEYWORDS:	Adhesion;	Cotinine;	Gingival	fibroblast;	Migration;	Nicotine.

INTRODUCTION

	 It	 is	well	known	that	 tobacco	smoking	impairs	wound	healing;	a	systematic	review	
and	meta	analysis	concluded	that	smoking	cessation	in	surgical	patients	was	associated	with	
significantly	decreased	rates	of	post-surgical	complications.1	Tobacco	use	is	a	prime	behavioral	
contributor	to	periodontal	disease	with	accompanying	poor	oral	wound	healing	and	potential	
tooth loss.2	As	a	phase	in	the	wound	healing	process,	fibroblasts	transition	to	myofibroblasts	and	
form	granulation	tissue	by	secreting	and	remodeling	the	extracellular	matrix.3	Fibroblasts	are	
located	in	gingival,	lingual,	buccal,	labial	and	palatal	structures	as	well	as	the	periodontal	liga-
ment	fiber	groups,	and	thus	are	central	to	production	and	maintenance	of	the	connective	tissue	
underlying	the	surface	epithelium	of	the	oral	mucosa	and	periodontium.	Indeed	fibroblasts	are	
the	main	cell	type	of	the	periodontium.

	 Although	 cigarettes	 are	 a	mixture	 of	 thousands	 of	 carcinogenic	 compounds,	many	
studies have focused on nicotine as a main deleterious agent in cigarette smoke. With respect 
to	 the	 oral	 cavity,	 isolated	 nicotine	 has	 been	 implicated	 in	 affecting	 gingival	 fibroblast	 cell
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viability4	 tissue	 remodeling,5 cell adhesion and migration6 and 
myofibroblast	transition.7	Nicotine	at	0.5	mM	inhibited	human	
gingival	fibroblast	migration,	potentially	through	Rac	signaling	
pathways,6 and altered the response to transforming growth fac-
tor-beta	1	by	decreasing	the	morphologic	change	from	fibroblast	
to	myofibroblast.	Based	on	these	observations	it	has	been	sug-
gested	that	nicotine	interferes	with	wound	closure	by	changing	
the	ability	of	oral	fibroblasts	to	contract	wounds.8

	 Additional	 mechanisms	 to	 explain	 nicotine-inhibited	
cell	migration	may	be	 through	effects	on	cell	 adhesion.	Nico-
tine	 in	 the	 range	of	5	ng/ml	 to	10	mg/ml	 inhibited	 the	attach-
ment	 and	 growth	 of	 human	 periodontal	 ligament	 fibroblasts.9 

Nicotine-induced	decrease	of	beta1	integrin	expression	suggests	
an	 impairment	 of	 human	 gingival	 fibroblast	 ability	 to	 adhere	
to	 extracellular	 matrix.10,11	 Conversely	 whole	 cigarette	 smoke	
inhibited	fibroblast	migration	and	correlated	with	an	increased	
level	of	focal	adhesions,	suggesting	that	nicotine-inhibited	cell	
migration was due to increased cell adhesion.12 Using nicotine 
alone,	increasing	nicotine	concentrations	correlated	to	increased	
human	gingival	fibroblast	adhesion.13

	 In	 humans	 70-80%	 of	 nicotine	 is	 metabolized	 to	
cotinine,14	which	can	be	assayed	in	blood,	saliva,	and	urine.	Co-
tinine	has	a	five-	to	ten-fold	longer	half-life	compared	to	nico-
tine,	 and	 the	 literature	has	documented	 it	 to	 be	 a	 specific	 and	
sensitive	marker	for	determining	exposure	to	tobacco	and	nico-
tine.15	According	to	the	Foundation	for	Blood	Research	(www.
fbr.org),	serum	cotinine	levels	that	are	less	than	10	ng/ml	indi-
cate	non-smoking,	 levels	of	10	 to	100	ng/ml	are	 indicative	of	
light	smoking	or	passive	secondary	exposure,	and	levels	greater	
than	300	ng/ml	 suggest	heavy	smoking.	Scott	 et	 al.16 reported 
that	in	heavy	smokers	serum	cotinine	levels	are	greater	than	100	
ng/ml,	light	smoker	cotinine	levels	are	less	than	or	equal	of	60	
ng/ml,	and	in	non-smokers	the	levels	are	less	than	or	equal	to	10	
ng/ml.	An	analysis	of	United	States	National	Health	and	Nutri-
tion	Examination	Survey	 (NHANES)	data	 from	1999	 to	2010	
shows	that	serum	cotinine	levels	have	risen	over	time	for	males,	
females,	and	whites,	and	with	exposure	to	second	hand	smoke	at	
home.17

	 In	contrast	to	cigarette	smoke	or	pure	nicotine,	there	are	
relatively	fewer	reports	of	the	effects	of	cotinine	on	cell	adhe-
sion	and	migration.	In	smooth	muscle	cell	culture,	nicotine	and	
cotinine	increased	the	expression	of	several	matrix	metallopro-
teinases that are critical in cell migration.18

	 The	concentration	of	serum	soluble	Intercellular	adhe-
sion	molecule-1	(ICAM-1)16	and	soluble	Vascular	Cell	Adhesion	
Molecule-1	 (sVCAM-I)19	 correlated	 directly	 to	 serum/plasma	
cotinine levels in smokers.

	 Although	 studies	 of	 nicotine	 and	 cotinine	 exist,	 an	
electronic	database	(PubMed)	search	using	the	combined	terms	
of	“cotinine	AND	gingiva	AND	fibroblast”	yielded	no	publica-
tions.	With	the	aim	of	expanding	current	knowledge	on	the	ef-

fects	of	cigarette	compounds	on	oral	cells,	the	objective	of	the	
present	study	is	to	determine	if	cotinine	effects	on	the	adhesion	
or	migration	of	human	gingival	fibroblasts	in	culture	is	similar	
to	nicotine.	Concentrations	of	nicotine	and	cotinine	analogous	
to	clinically	 relevant	human	serum	and	saliva	 levels	were	uti-
lized.	It	is	hypothesized	that	similarly	to	nicotine,	cotinine	will	
adversely	affect	human	gingival	fibroblast	adhesion	and	migra-
tion with implications for wound healing in smokers.

MATERIALS AND METHODS

Human Gingival Fibroblasts

Human	 Gingival	 Fibroblasts	 (HGF)	 were	 obtained	
from	 a	 commercial	 source	 (ScienCell,	 Carlsbad,	 CA,	 USA)	
and	were	maintained	in	serum-free	fibroblast	medium	as	rec-
ommended	by	 the	manufacturer.	Cells	were	obtained	at	pas-
sage	one	and	propagated	in	T-75	flasks.	Cells	were	trypsinzed	
and	replated	as	needed	for	experiments,	and	used	between	pas-
sages two and four.

MTT Assay

HGF	 at	 90%	 confluence	 in	 wells	 of	 a	 24-well	 plate	
were	treated	with	0,	10,	80,	320,	or	640	ng/ml	cotinine	(Sigma	
Chemical	Co.,	St.	Louis,	MO,	USA).	In	an	analogous	assay	HGF	
were	treated	with	0,	50,	100,	200,	or	400	µg/ml	nicotine.	Coti-
nine	and	nicotine	solutions	were	freshly	made	for	each	study	and	
prepared	in	the	fibroblast	culture	medium.	0.01%	chlorhexidine	
was used as a positive control20 and culture medium alone as a 
negative	control.	After	24	hours	a	3-[4,5-dimethylthiazol-2-yl]-
2,5-diphenyl	tetrazolium	bromide	(MTT)	assay	was	performed	
according	 to	 the	protocol	 of	 the	Sigma	Cell	Growth	Determi-
nation	Kit	MTT	Based	 (Sigma	Chemical	 Co.,	 St	 Louis,	MO,	
USA).	HGF	were	incubated	with	the	MTT	reagent	for	3	hours	(n	
=	4	for	all	treatments	and	controls).	The	resulting	formazan	crys-
tals	were	dissolved	with	MTT	 solubilization	 solution,	 and	 the	
absorbance	of	samples	was	determined	at	570	nm	using	a	Spec-
traMax	M3	microplate	 reader	 (Molecular	Devices,	Sunnyvale,	
CA,	USA).	Data	were	reported	as	absorbance	and	as	relative	cell	
viability	setting	the	controls	of	no	cotinine	or	nicotine	to	100%.

Cell Adhesion Assay

HGF	at	 90%	confluence	were	 treated	with	 0,	 10,	 80,	
320,	or	640	ng/ml	cotinine,	or	in	a	separate	experiment	with	0,	
50,	 100,	 200,	 or	 400	µg/ml	 nicotine	 for	 24	 hours.	HGF	were	
then	 trypsinized	and	pelleted	by	centrifugation	 in	 trypsin-neu-
tralizing	 solution.	 Cell	 pellets	 were	 washed	 three	 times	 in	 fi-
broblast	medium	 and	 resuspended	 in	 the	 same	medium.	HGF	
were	plated	onto	non-treated	flat-bottom	tissue	culture	96-well	
plates	at	2x104	cells/well	and	incubated	for	1	hour	at	37	°C	in	5%	
CO2. The wells were washed with medium to remove unattached 
cells,	 and	 attached	 cells	were	 fixed	 in	 3.7%	 formalin,	 stained	
with	2%	crystal	violet,	 and	 lysed	 in	2%	SDS	 (200	µl	of	 each	
solution	per	well).	The	absorbance	of	the	lysate	was	measured	at

www.fbr.org
www.fbr.org
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570	 nm	wavelength.	 Each	 adhesion	 assay	was	 repeated	 three	
times,	with	six	wells	of	each	treatment	and	control	assayed	each	
time.	The	 results	were	 reported	 as	 absorbance	and	as	 the	per-
centage of adhesion compared with controls of no cotinine or 
nicotine	set	at	100%.

Cell Migration Assay

 HGF were cultured in wells of a 24-well plate until 
confluent	and	 then	pre-treated	with	0,	10,	80,	320,	or	640	ng/
ml	cotinine,	or	in	a	separate	experiment	with	0,	50,	100,	200,	or	
400	µg/ml	nicotine	for	24	hours.	Scratch	wounds	were	created	
in	each	well	by	dragging	a	sterile	tip	for	an	automatic	pipettor	
down	the	middle	of	the	well	several	times.	At	24	and	48	hours	
following	the	wounding	procedure,	the	extent	of	cell	migration	
from the wound edge was measured and calculated in mm using 
the	NIH	 ImageJ	 image	 processing	 program.	 In	 addition,	 non-
pretreated	confluent	HGF	were	wounded	and	then	treated	with	
0,	10,	80,	320,	or	640	ng/ml	cotinine.	Cell	migration	from	the	
wound	edge	was	monitored	for	24	hours.	Experiments	were	re-
peated	three	times.	Data	were	analyzed	using	one	way	ANOVA	
with	Dunnet’s	multiple	comparison	post-test	and	probability	at	
p<0.05.

Image Analysis of Cell Orientation

 The orientation of migrating cells with respect to the 
wound	edge	24	hours	following	wounding	were	analyzed	using	
phase	contrast	images	of	HGF	treated	with	0,	10,	80,	320,	or	640	
ng/ml	cotinine	or	0,	50,	100,	200,	or	400	µg/ml	nicotine.	The	
number	of	cells	with	an	orientation	parallel	to	the	defined	wound	
edge was counted for each treatment. Data are reported as the 
mean	of	ten	images	and	were	analyzed	using	one	way	ANOVA	
with	Dunnet’s	multiple	comparison	post-test	and	probability	at	
p<0.05.

RESULTS

	 The	current	study	utilized	nicotine	concentrations	with-
in	the	ranges	of	those	reported	by	other	investigators	using	cul-
ture models.21-23 However to determine appropriate concentra-
tions	of	both	nicotine	and	cotinine	specifically	for	the	HGF	used	
in	this	study	dose-response	curves	were	generated.	Cotinine	con-
centrations	in	ng/ml	indicative	of	non-smoking,	light	smoking,	
or	heavy	smoking	were	used	to	treat	HGF	prior	to	cytotoxicity	
testing	using	a	colorimetic	MTT	assay.	Both	absorbance	values	
and	 calculated	 percentage	 of	 cell	 survival	 as	 shown	 in	 figure	
1A	and	1B	demonstrate	 that	 all	 cotinine	 concentrations	 tested	
significantly	suppressed	cell	proliferation	and	proved	cytotoxic	
(specific	p	 values	 provided	 in	 Figure	 1	 legend).	Compared	 to	
control,	85%	of	fibroblasts	survived	following	24	hours	of	treat-
ment	with	10	ng/ml	cotinine,	78%	survived	following	80	ng/ml,	
74%	survived	following	320	ng/ml,	and	68%	survived	following	
640	ng/ml	cotinine	exposure	(Figure	1B).	Using	the	colorimet-
ric	MTT	assay,	 the	 cytotoxicity	 of	 nicotine	was	 evaluated	us-

ing	HGF.	Only	the	highest	concentration	of	nicotine	used,	400	
µg/ml,	resulted	in	significant	cytotoxicity	(Figure	1C,	p<0.01).	
Compared	to	control	86%	of	fibroblasts	survived	a	24	hour	ex-
posure	to	400	µg/ml	nicotine	(Figure	1D).

 

	 A	colorimetric	assay	was	used	to	determine	rapid	HGF	
adhesion	to	uncoated	tissue	culture	substrate.	Cytotoxic	effects	
of	cotinine	and	nicotine	as	shown	in	figure	1	would	not	have	an	
effect	on	 the	 results	of	 this	assay	as	adhesion	was	determined	
after	60	minutes,	a	time	frame	that	is	too	early	to	detect	cytotoxic	
effects.	Of	the	cotinine	concentrations	tested,	only	the	640	ng/ml	
value	 significantly	 suppressed	 rapid	 cell	 adhesion	 (Figure	2A,	
p<0.01)	with	88%	of	cells	adherent	compared	to	control	(Figure	
2B).	Similarly,	only	the	highest	concentration	of		nicotine	tested,	
400	 µg/ml,	 resulted	 in	 a	 significant	 decrease	 in	 cell	 adhesion	
(Figure	2C,	p<0.001)	with	58%	of	cells	adherent	compared	 to	
control	(Figure	2D).

	 Cell	 adhesion	 from	 a	 wound	 edge	 using	 an	 in vitro 
scratch wounding model was measured 24 and 48 hours fol-
lowing	 the	 initiation	 of	 the	 wound.	 Figure	 3	 depicts	 results	
when HGF were pre-treated with the agents and then wounded. 
Compared	to	control,	24	hours	following	wounding	cotinine	at	
320(p<0.001)	 and	 640(p<0.001)	 ng/ml	 significantly	 inhibited	
migration	 (Figure	3A).	At	48	hours	 following	wounding	 (Fig-
ure	3B),	cotinine	concentrations	of	80(p<0.05),	320(p<0.01)	and	
640(p<0.001)	 ng/ml	 significantly	 inhibited	 migration	 (Figure	
3B).	In	nicotine	experiments,	a	concentration	of	400	µg/ml	sig-
nificantly	inhibited	migration	at	24	hours	(Figure	3C,	p<0.01).	In	
contrast	48	hours	following	wounding	(Figure	3D)	100(p<0.01),	
200(p<0.01),	and	400(p<0.001)	µg/ml	nicotine	significantly	in-
hibited	migration	 from	 the	wound	edge.	Similar	 inhibitory	ef-
fects	 of	 cotinine	were	 also	 noted	 if	 untreated	HGF	were	 first	
wounded,	then	treated	with	cotinine	for	24	hours	following

Figure 1: Effects of cotinine and nicotine on HGF cell survival. Cells were treated with the in-
dicated concentrations of cotinine (A, B) or nicotine (C, D) for 24 h prior to assay for cytotoxic 
effects. Both the absorbance values (A, C) and relative cell survival compared to negative control 
set to 100% (B, D) are shown. All concentrations of cotinine were toxic to HGF (* in A p<0.01, ** 
p<0.001). For nicotine only the highest concentration tested was cytotoxic to HGF (* in C p<0.01).
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wounding	(Figure	4).	However	the	deleterious	effects	were	not-
ed at lower concentrations at the 24 hour time point when coti-
nine	was	present	during	the	migratory	phase.	Cell	migration	was	
significantly	inhibited	by	the	presence	of	80,	320	and	640	ng/ml	
cotinine	(p<0.001).

	 Cell	migration	based	on	morphological	orientation	of	
cells	 at	 the	wound	edge	was	assessed	by	 inspection	of	phase-
contrast	images.	24	hours	following	wounding,	cells	treated	with	
10	ng/ml	cotinine	showed	multiple	cells	oriented	parallel	to	the	
wound	edge	(Figure	5A).	With	increasing	concentration	of	co-
tinine	however	fibroblasts	 took	on	an	elongated	 spindle	 shape	
oriented	perpendicular	to	the	wound	edge.	In	many	of	these	cells	
the	nucleus	was	polarized	towards	the	wound	edge	(Figure	5	B,	
C,	D).

 The	 number	 of	 HGF	 oriented	 parallel	 to	 the	 defined	
wound	edge	was	counted	for	both	cotinine	and	nicotine	treated	
cells.	A	 dose-response	 relationship	was	 observed.	 Fewer	 cells	
oriented	to	the	wound	edge	were	observed	as	both	cotinine	and	
nicotine concentrations increased. The lowest concentrations 
of	both	cotinine	and	nicotine	were	correlated	with	significant-
ly	higher	numbers	of	cells	oriented	parallel	to	the	wound	edge	

Figure 2: Rapid cell adhesion of HGF to uncoated tissue culture plastic substrate. HGF were 
treated with the indicated concentrations of cotinine (A, B) or nicotine (C, D) for 24 h. Trypsinized 
fibroblasts were incubated on plastic for 60 min prior to assay for adhesion. Both absorbance 
values (A, C) and relative cell adhesion compared to negative control set at 100% (B, D) are 
shown. Only the highest concentrations of cotinine (* in A, p<0.01) and nicotine (* in C, p<0.001) 
significantly inhibited rapid cell adhesion of HGF.

Figure 3: Effect of pre-treating HGF with cotinine and nicotine on migration. Cells were treated 
with the indicated concentrations of cotinine or nicotine for 24 h prior to wounding. Cell migration 
from the wound edge was calculated in mm 24 h (A, C) and 48 h (B, D) after the wound. At 24 h 
post-wound cotinine at 320 and 640 ng/ml significantly inhibited cell migration (* in A p<0.001). 
In addition at 48 h post-wound 80 ng/ml cotinine inhibited migration (* in B p<0.05, ** p<0.01, 
*** p<0.001). 24 h post-wound only the highest concentration of nicotine significantly delayed 
migration (* in C p<0.01), while 48 h post-wound 100, 200, and 400 µg/ml significantly inhibited 
migration (* in D p<0.01, ** p<0.001).

Figure 4: Effect of cotinine on HGF migration. Cells were wounded then treated with the indicat-
ed concentration of cotinine for 24 h. Cell migration was significantly inhibited by the presence of 
80, 320 and 640 ng/ml cotinine (* p<0.001).

Figure 5: Effect of cotinine on orientation of HGF at the wound edge. Phase contrast images 
of cells adjacent to the wound edge (dotted line) 24 h after wounding were captured. Prior to 
wounding cells were treated with 10 (A), 80 (B), 320 (C), or 640 (D) ng/ml cotinine. Arrows in (A) 
and (B) show HGF oriented parallel to the wound edge. Arrows in (C) and (D) show HGF oriented 
perpendicular to the wound edge.
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compared to control or HGF treated with higher concentra-
tions	 of	 cotinine	 (Figure	 6A	 p<0.001)	 or	 nicotine	 (Figure	 6B	
p<0.001).

DISCUSSION

 Numerous studies have investigated the effects of nico-
tine	 on	oral	 cells,	 however	 the	 correlative	 data	 for	 cotinine	 is	
not	as	abundant.	In	this	study	the	effects	of	biologically	relevant	
concentrations	of	nicotine	and	cotinine	on	human	gingival	fibro-
blast	 cytotoxicity,	 adhesion	and	migration	were	examined	and	
compared.	Alpar	 et	 al.4	 reported	 that	 concentrations	 of	 6	mM	
(973	µg/ml),	8	mM	(1298	µg/ml)	and	10	mM	(1620	(µg/ml)	nic-
otine	decreased	the	cell	viability	of	human	periodontal	ligament	
and	gingival	fibroblasts.	The	data	from	this	study	shows	that	a	
nicotine	concentration	of	400	µg/ml	(2.46	mM)	is	cytotoxic	to	
HGF,	demonstrating	that	an	even	lower	concentration	than	that	
reported	by	Alpar,	et	al.	can	kill	oral	cells.	Cytotoxicity	was	not	
detected at lower concentrations so taking the data together it 
appears	that	nicotine	levels	above	approximately	2	mM	(300	to	
400	µg/ml)	are	toxic	to	human	oral	cells	in	culture.	This	is	well	
within	the	range	of	saliva	nicotine	concentrations	of	96	ng/ml	to	
1.6	mg/ml	measured	in	tobacco	users.24

	 Testing	 cell	 lines	 by	 neutral	 red	 cytotoxicity	 assay,	
Babich	and	Borenfreund25	concluded	that	nicotine	was	more	cy-
totoxic	than	cotinine,	which	was	more	cytotoxic	than	nicotinic	

acid	or	nicotinamide.	The	cell	growth	of	MA-10	Leydig	tumor	
cells	was	significantly	inhibited	by	1	mM	cotinine,	or	176	µg/
ml.26	This	study	revealed	that	HGF	cell	growth	was	significantly	
inhibited	by	10	ng/ml	cotinine	(57	nM),	substantially	less	than	
previous	 reports,	 and	 in	 contrast	 to	 the	 study	 concluding	 that	
nicotine	is	more	cytotoxic	than	cotinine	if	such	a	comparision	is	
based	solely	on	concentration.

	 James	et	al.9	reported	that	nicotine	and	cotinine	inhib-
ited the attachment and growth of human periodontal ligament 
fibroblasts.	In	agreement,	this	study	showed	that	both	nicotine	
and	 cotinine	 significantly	 inhibited	 rapid	 HGF	 adhesion	 to	
plastic	 tissue	 culture	 substrate.	 In	 contrast	 increased	 vinculin	
expression	and	focal	adhesions	in	fibroblasts	exposed	to	main-
stream	whole	smoke	suggest	 that	nicotine-exposed	cells	have	
increased adhesion.12	 Fully	 functional	 focal	 adhesions	 would	
likely	not	be	formed	during	 the	60	minute	rapid	adhesion	as-
say	and	would	explain	the	different	outcomes	in	the	effects	of	
nicotine	and	cotinine	on	adhesion.	During	wound	healing,	cells	
must	be	adherent	to	a	substrate	in vitro	or	to	extracellular	matrix	
in vivo	to	allow	for	subsequent	migration.	The	role	of	nicotine	in	
extracellular	matrix	modeling	is	not	clear,	as	it	has	been	report-
ed	that	2.4	µg/ml	nicotine	did	not	affect	collagen	degradation27 
but	25	to	500	µg/ml	nicotine	increased	collagen	degradation	in	
HGF.28	There	is	essentially	no	information	about	the	effects	of	
cotinine	on	extracellular	matrix.	To	explain	discrepancies	in	the	
effects	of	nicotine	and	cotinine	on	cell	adhesion	it	is	certainly	
plausible	 that	 different	 cell	 types	 respond	 differently	 to	 any	
agent	 in	culture.	Although	many	of	 these	studies	used	human	
gingival	fibroblasts,	the	concentrations	of	nicotine	and	cotinine	
that	were	used	varied.	Standard	concentrations	of	these	agents	
for use in in vitro	analyses	would	allow	for	better	comparisons	
between	individual	studies.

	 Migration	is	an	essential	component	of	wound	healing	
and	 it	 is	well	 documented	 that	 tobacco	 use	 correlates	 to	 poor	
wound healing.29,30	A	previous	study	demonstrated	that	nicotine	
inhibits	cell	migration	between	16	and	162	µg/ml.6 The results 
of	the	present	study	agree	that	nicotine	can	be	detrimental	to	cell	
migration	at	similar	concentrations,	and	extend	previous	reports	
by	suggesting	that	cells	become	more	sensitive	to	lower	concen-
trations	of	nicotine	with	extended	wound	healing	time.	Cotinine	
affected	cell	migration	in	a	similar	manner	as	for	nicotine,	with	
HGF	 showing	 greater	 sensitivity	 to	 lower	 cotinine	 concentra-
tions	with	 increased	wound	healing	 time.	Based	 solely	on	 the	
concentration	needed	to	affect	HGF	migration,	cotinine	is	more	
detrimental to the migration phase of wound healing compared 
to nicotine.

	 Maninova	et	al.31	reported	that	cell	polarity	is	an	essen-
tial step in the process of cell migration. These authors showed 
that	 in	 polarized	 cells	 the	 axis	 of	migration	was	 aligned	 per-
pendicular	 to	 the	wound	edge.	The	present	 study	 showed	 that	
as	 the	 concentration	 of	 nicotine	 and	 cotinine	 increased,	 rela-
tively	fewer	HGF	were	oriented	parallel	to	the	wound	edge	and

Figure 6: Effect of cotinine and nicotine on orientation of HGF with respect to the wound edge. 
Phase-contrast images of cells treated with the indicated concentrations of cotinine (A) or nicotine 
(B) were analyzed to determine the numbers of cells oriented parallel to the wound edge. For both 
cotinine and nicotine the lowest concentrations used resulted in the highest number of cells with 
parallel orientation compared to controls or to other concentrations (* in A and B p<0.001).
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relative more cells were oriented perpendicular to the wound 
edge.	This	suggests	that	nicotine	and	cotinine	may	facilitate	the	
polarization	of	HGF	at	the	wound	edge.	While	this	seems coun-
ter-intuitive	it	may	be	that	polarity,	adhesion,	and	cell	movement	
are	 not	 linked	 in	 cells	 exposed	 to	 higher	 concentration	 of	 to-
bacco	components.

	 In	summary,	in	HGF	exposed	to	nicotine	(400	µg/ml)	
or	cotinine	(640	ng/ml),	cell	survival,	 rapid	cell	adhesion,	and	
migration	were	significantly	decreased,	but	cell	polarity	with	re-
spect to the wound edge was not affected. These concentrations 
are	within	ranges	of	serum	levels	in	smokers,	providing	evidence	
that multiple cellular aspects of wound healing are compromised 
in	tobacco	users.

ACKNOWLEDGMENTS

The	authors	thank	Mr.	Michael	Byars	for	assistance	in	process-
ing	the	images	for	analysis.	This	work	was	funded	by	an	internal	
grant	from	University	of	Detroit	Mercy	School	of	Dentistry	to	
support	the	Student	Research	Program.

CONFLICTS OF INTEREST

We	have	no	conflicts	of	interest	to	declare.

REFERENCES

1.	Mills	 E,	 Eyawo	O,	 Lockhart	 I,	Kelly	 S,	Wu	 P,	 Ebbert	 JO.	
Smoking	cessation	reduces	postoperative	complications:	A	sys-
tematic	review	and	meta-analysis.	Am J Med.	2011;	124:	144-	
154.	doi:	10.1016/j.amjmed.2010.09.013

2.	 Jurgensen	N,	Petersen	PE,	Ogawa	H,	Matsumoto	S.	Trans-
lating	 science	 into	 action:	 Periodontal	 health	 through	 public	
health approaches. Periodontol.	 2000	2012;	 60:	 173-187.	 doi:	
10.1111/j.1600-0757.2012.00451.x

3.	Gabbiani	G.	The	myofibroblast	in	wound	healing	and	fibro-
contractive diseases. J Pathol.	2003;	200:	500-503.	doi:	10.1002/
path.1427

4.	Alpar	B,	Leyhausen	G,	Sapotnick	A,	Gunay	H,	Geurtsen	W.	
Nicotine-induced	alterations	in	human	primary	periodontal	liga-
ment	and	gingiva	fibroblast	cultures.	Clin Oral Investig.	1998;	2:	
40-46.	doi:	10.1007/s007840050042

5.	Zhou	J,	Olson	BL,	Windsor	LJ.	Nicotine	 increases	 the	col-
lagen-degrading	 ability	 of	 human	 gingival	 fibroblasts.	 J Peri-
odontal Res.	 2007;	 42:	 228-235.	 doi:	 10.1111/j.1600-0765-
.2006.00937.x

6.	 Fang	Y,	 Svoboda	KK.	Nicotine	 inhibits	 human	 gingival	 fi-
broblast	migration	via	modulation	of	Rac	signalling	pathways.	
J Clin Periodontol.	2005;	32:	1200-1207.	doi:	10.1111/j.1600-
051X.2005.00845.x

7.	Fang	Y,	Svoboda	KK.	Nicotine	inhibits	myofibroblast	differ-
entiation	in	human	gingival	fibroblasts.	J Cell Biochem.	2005;	
95:	1108-1119.	doi:	10.1002/jcb.20473

8.	San	Miguel	SM,	Opperman	LA,	Allen	EP,	Zielinski	J,	Svo-
boda	KK.	Antioxidants	counteract	nicotine	and	promote	migra-
tion	via	RacGTP	in	Oral	Fibroblast	Cells.	J Periodontol.	2010;	
11:	675-1680.	doi:	10.1902/jop.2010.100187

9.	James	JA,	Sayers	NM,	Drucker	DB,	Hull	PS.	Effects	of	to-
bacco	 products	 on	 the	 attachment	 and	 growth	 of	 periodontal	
ligament	 fibroblasts.	 J Periodontol.	 1999;	 70:	 518-525.	 doi:	
10.1902/jop.1999.70.5.518

10.	Snyder	HB,	Caughman	G,	Lewis	J,	Billman	MA,	Schuster	
G. Nicotine modulation of in vitro human	gingival	fibroblast	be-
ta1	integrin	expression.	J Periodontol.	2002;	73:	505-510.	doi:	
10.1902/jop.2002.73.5.505
 
11.	Austin	GW,	Cuenin	MF,	Hokett	 SD,	 et	 al.	Effect	 of	 nico-
tine	 on	 fibroblast	 beta	 1	 integrin	 expression	 and	 distribu-
tion in vitro. J Periodontol.	 2001;	 72:	 438-444.	 doi:	 10.1902/
jop.2001.72.4.438

12.	 Wong	 LS,	 Martins-Green	 M.	 Firsthand	 cigarette	 smoke	
alters	 fibroblast	 migration	 and	 survival:	 Implications	 for	 im-
paired healing. Wound Repair Regen.	 2004;	12:	471-484.	doi:	
10.1111/j.1067-1927.2004.12403.x

13.	Peacock	ME,	Sutherland	DE,	Schuster	GS	et	al.	The	effect	
of nicotine on reproduction and attachment of human gingi-
val	fibroblasts	 in vitro. J Periodontol.	1993;	64:	658-665.	doi:	
10.1902/jop.1993.64.7.658

14.	Hukkanen	J,	Jacob	P,	Benowitz	NL.	Metabolism	and	dispo-
sition kinetics of nicotine. Pharmacol Rev.	 2005;	 57:	 79-115.	
doi:	10.1124/pr.57.1.3

15.	Dhar	P.	Measuring	tobacco	smoke	exposure:	quantifying	nico-
tine/cotinine	concentration	in	biological	samples	by	colorimetry,	
chromatography	and	 immunoassay	methods.	J Pharm Biomed 
Anal.	2004;	35:	155-	168.	doi:	10.1016/j.jpba.2004.01.009

16.	 Scott	 DA,	 Todd	 DH,	 Coward	 PY,	 et	 al.	 The	 acute	 influ-
ence	 of	 tobacco	 smoking	 on	 adhesion	 molecule	 expression	
on	 monocytes	 and	 neutrophils	 and	 on	 circulating	 adhesion	
molecule levels in vivo. Addict Biol.	 2000;	 5:	 195-205.	 doi:	
10.1080/13556210050003793

17.	Jain	RB.	Trends	in	serum	cotinine	concentrations	among	daily	
cigarette	smokers:	Data	from	NHANES	1999-2010.	Sci Total En-
viron.	2014;	472:	72-77.	doi:	10.1016/j.scitotenv.2013.11.002

18.	 Carty	 CS,	 Soloway	 PD,	 Kayastha	 S,	 et	 al.	 Nicotine	 and	
cotinine	 stimulate	 secretion	 of	 basic	 fibroblast	 growth	 factor	
and	affect	 expression	of	matrix	metalloproteinases	 in	 cultured

Page 30

http://www.ncbi.nlm.nih.gov/pubmed/21295194 
http://www.ncbi.nlm.nih.gov/pubmed/22909115 
http://www.ncbi.nlm.nih.gov/pubmed/12845617 
http://www.ncbi.nlm.nih.gov/pubmed/12845617 
http://www.ncbi.nlm.nih.gov/pubmed/9667154 
http://www.ncbi.nlm.nih.gov/pubmed/17451542 
http://www.ncbi.nlm.nih.gov/pubmed/17451542 
http://www.ncbi.nlm.nih.gov/pubmed/16268995 
http://www.ncbi.nlm.nih.gov/pubmed/16268995 
http://www.ncbi.nlm.nih.gov/pubmed/15962330 
http://www.ncbi.nlm.nih.gov/pubmed/20636139 
http://www.ncbi.nlm.nih.gov/pubmed/10368056 
http://www.ncbi.nlm.nih.gov/pubmed/12027252
http://www.ncbi.nlm.nih.gov/pubmed/11338295 
http://www.ncbi.nlm.nih.gov/pubmed/11338295 
http://www.ncbi.nlm.nih.gov/pubmed/15260813 
http://www.ncbi.nlm.nih.gov/pubmed/8366415 
http://www.ncbi.nlm.nih.gov/pubmed/15734728 
http://www.ncbi.nlm.nih.gov/pubmed/15030890 
http://www.ncbi.nlm.nih.gov/pubmed/20575835 
http://www.ncbi.nlm.nih.gov/pubmed/24291557 
http://www.ncbi.nlm.nih.gov/pubmed/24291557 


                                                     DENTISTRY

Open Journal
http://dx.doi.org/10.17140/DOJ-2-106

Dent Open J

ISSN 2377-1623

affect	 expression	 of	matrix	metalloproteinases	 in	 cultured	 hu-
man smooth muscle cells. J Vasc Surg.	1996;	24:	927-934.	doi:	
10.1016/S0741-5214(96)70038-1

19.	Mazzone	A,	Cusa	C,	Mazzucchelli	I,	et	al.	Cigarette	smok-
ing	and	hypertension	influence	nitric	oxide	release	and	plasma	
levels of adhesion molecules. Clin Chem Lab Med.	 2001;	39:	
822-826.	doi:	10.1515/CCLM.2001.136

20.	Damas	BA,	Wheater	MA,	Bringas	JS,	Hoen	MM.	Cytotoxic-
ity	comparison	of	mineral	trioxide	aggregates	and	endosequence	
bioceramic	root	repair	materials.	J Endod.	2011;	37:	372-	375.	
doi:	10.1016/j.joen.2010.11.027

21.	Wendell	KJ,	 Stein	 SH.	Regulation	 of	 cytokine	 production	
in	human	gingival	fibroblasts	following	treatment	with	nicotine	
and	 lipopolysaccharide.	 J Periodontol.	 2001;	 72:	 1038-1044.	
doi:	10.1902/jop.2001.72.8.1038

22.	Johnson	GK,	Guthmiller	JM,	Joly	S,	Organ	CC,	Dawson	DV.	
Interleukin-1	and	interleukin-8	in	nicotine-	and	lipopolysaccha-
ride-exposed	 gingival	 keratinocyte	 cultures.	 J Periodont Res.. 
2010;	45:	583-588.	doi:	10.1111/j.1600-0765.2009.01262.x

23.	Hakki	A,	Hallquist	N,	Friedman	H,	Pross	S.	Differential	im-
pact	of	nicotine	on	cellular	proliferation	and	cytokine	production	
by	 LPS-stimulated	 murine	 splenocytes.	 Int J Immunopharm. 
2000;	22:	403-410.	doi:	10.1016/S0192-0561(00)00005-9

24.	 Jarnes	 JA,	 Sayers	 NM,	 Drucker	 DB,	 Hull	 PS.	 Effects	 of	
tobacco	products	on	the	attachment	and	growth	of	periodontal	
ligament	 fibroblasts.	 J Periodontol. 1999;	 70:	 518-525.	 doi:	
10.1902/jop.1999.70.5.518

25.	Babich	H,	Borenfreund	E.	Cytotoxic	and	morphological	ef-
fects	of	phenylpropanolamine,	 caffeine,	nicotine,	 and	 some	of	
their	metabolites	studied	in vitro. Tox in Vitro.	1992;	6:	493-502.	
doi:	10.1016/0887-2333(92)90060-5

26.	 Gocze	 PM,	 Freeman	 DA.	 Cytotoxic	 effects	 of	 cigarette	
smoke	 alkaloids	 inhibit	 the	 progesterone	 production	 and	 cell	
growth	 of	 cultured	MA-10	 Leydig	 tumor	 cells. Eur J Obstet 
& Gynecol Repro Biol.	 2000;	 93:	 77-83.	 doi:	 10.1016/S0301-
2115(00)00254-2

27.	Zhang	W,	Fang	M,	Song	F,	Windsor	LJ.	Effects	of	cigarette	
smoke	 condensate	 and	 nicotine	 on	 human	 gingival	 fibroblast-
mediated collagen degradation. J Periodontol.	2011;	82:	1071-
1079.	doi:	10.1902/jop.2010.100540

28.	 Zhou	 J,	 Olson	 BL,	 Windsor	 LJ.	 Nicotine	 increases	 the	
collage-degrading	 ability	 of	 human	 gingival	 fibroblasts.	 J 
Periodontal Res.	2007;	42:	228-235.	doi:	10.1111/j.1600-0765-
.2006.00937.x

29.	Sorensen	LT.	Wound	healing	and	 infection	 in	 surgery:	 the	

pathophysiological	impact	of	smoking,	smoking	cessation,	and	
nicotine	 replacement	 therapy:	A	 systematic	 review.	Ann Surg. 
2012;	255:	1069-1079.	doi:	10.1097/SLA.0b013e31824f632d.

30.	Pinto	JR,	Bosco	AF,	Okamoto	T,	Guerra	JB,	Piza	IG.	Effects	
of	nicotine	on	the	healing	of	extraction	sockets	in	rats.	A	histo-
logical	study. Braz Dent J.	2002;	13:	3-9.	

31.	Maninova	M,	Klimova	Z,	Parsons	JT,	et	al.	The	reorientation	
of	cell	nucleus	promotes	the	establishment	of	front-rear	polarity	
in	migrating	fibroblasts.	J Mol Biol.	2013;	425:	2039-2055.	doi:	
10.1016/j.jmb.2013.02.034

Page 31

http://www.ncbi.nlm.nih.gov/pubmed/8976346 
http://www.ncbi.nlm.nih.gov/pubmed/11601680 
http://www.ncbi.nlm.nih.gov/pubmed/21329824 
http://www.ncbi.nlm.nih.gov/pubmed/11525435 
http://www.ncbi.nlm.nih.gov/pubmed/20337880 
http://www.ncbi.nlm.nih.gov/pubmed/10727751 
http://www.ncbi.nlm.nih.gov/pubmed/10368056 
http://www.ncbi.nlm.nih.gov/pubmed/20732150 
http://www.ncbi.nlm.nih.gov/pubmed/11000509 
http://www.ncbi.nlm.nih.gov/pubmed/11000509 
http://www.ncbi.nlm.nih.gov/pubmed/21142980 
http://www.ncbi.nlm.nih.gov/pubmed/17451542 
http://www.ncbi.nlm.nih.gov/pubmed/17451542 
http://www.ncbi.nlm.nih.gov/pubmed/22566015 
 http://www.ncbi.nlm.nih.gov/pubmed/23524135

