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The effect of Swedish and
American smokeless tobacco
extract on periodontal
ligament fibroblasts in vitro

Gunilla Andersson’, Asa Wahlin®t, Gunilia Bratthalr

Abstract

@ Lise of moist snuff is widespread in Sweden. In 2004 =800 000 Swedes were daily
users which corresponds 10 22 % of the male population and 3 % of the fernale popu-
lation. The aim of the present study was to evaluate the effect of Swedish maist snuff
extract on PDL fibroblast growth and hard tissue production and compare with moist
snuf extract from USA :

Periodontal ligament cells {PDi-cells) were obtained from 3 healthy sublects {1
fernale 14 years, 2 males 14 and 17 years) from the root surface of premolars extrac-
‘fed for orthodontic reasons. The cells were Isolated from explants and grown in
Duibecco’s Modified Eagle’s Medium® {DMEMN) supplemented with 10 % fetal calf
serurn {FBS) and cullivated in 37°C with 5 % €O, in air,
| Snufi extract in concentrations03%,1% and 3% {in DMEMw *h 1% FBS}was
| tested. Cells from each individual were tested three tires, sach time in triplicate.
Photographs were taken at o and 24 hours with a digital camers and analysed in
terms of growth and murphology. Then the cell suspension was frazen and later
thawed for examingtion of the production of alkaline phosphatase after exposure to
differard enuff concentrations.

This in vitro study has shown that POL cells from 3 different sublects demonstrated
! z reduted number of cells at exposursto 3 % of both Swedish and American snuff
extract. The production of atkaline phosphatase after 2 hours was similarly reduced
from rells exposed to 3 % snuff extract.

Further studies have 1o be made to understand the effect of smokeless tobacro
on perjodontal tissues. Howsver, Trom this study can be concluded that smoketess
tobacco has biological effects in terms of reduced FDL celt growth and production of
atialine phosphatase
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Effekt av snusextrakt pa paradontalligamenterceller

Gunitla Andersson, Asa Wahlin, Guaitla Bratthal

Sammanfattning

& | Sverige dr bruked av vatt snus mycket vanligt. Ar 2004 snusade =Boo oo svenskar,
varav 22 % av minnen och 3 % av kvinnorna anvénde snus regeibundet. Mlet med
fiveliggande arbete var att studera effekten av svenskt vatt snusextrakt pi parodontal-
figamenteeller (PDL-caller) avseende vxt och hdrdvavnadsproduktion och [dmfSra det
med vatt snusextrakt fridn USA.

pOL-celler utvanns frdn 3 friska individer {1 flicka 14 3r och 2 pojkar g och vy &) Frdn
rotytan pd premolarer, som skulle extraheras av ortodontiska skl Cellerna lsalprades
fran vavnadsbitar, "explants”, och fick tilhvixa | Dulbecco’s Modified Fagle’s Medium®
{(DMEM]) med tHllskott av 10 % fetalt kalvserum {FBS} and odiades | 37°C med § % €0, Hiuft.

Snuysexirakt i koncentrationgrna 0,3 %,1 %, 3 %, testades | DMEM med 1 % EBS.

Cefier frén varie individ testades 3 ginger, varje glng Hriplikat. Foton togs vid noch 24
fogi. Sedan frystes cellsuspensionen och tinades senare fr undersBkning av produition
av alkaliskt fosfatas efter exponering for olika snuskoncentrationer.

Denna in vitro-studie har visat att PDL celler fran 3 olika individer uppvisade ett redu-
cerat antal celier vid exponering 161 3 % av bide svenskt ochvamerikanskt snusexirakt,
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EFFECT OF SMOKHLESS TOBACCO EXTRACT O PERIODOWTAL LIGAMENT CELLS

introduction
Several studies have shown an association between
smoking and loss of pgriodomai attachment and
bone destruction {3, 13}, Nicotine, which is 2 major
component of ng'mft:e smoking, can be detected
ont yoot surfaces of periodontally affected teeth {11).
Studies on the effect of nicotine on human perio-
dontal ligament (FDL} fibroblasts show, that nico-
ting can affect functions of these cells i vigro in a
dose-dependent manner {75
Smokeless tobacco in different forms such @
chewing tobacco, dry snuff and moist soulf is used
worldwide. Use of moist snuff &5 widespread in
Sweden. In 2004 =800 000 Swedes were daily users
which corresponds to 22 % of the ma}c pepu}atien
and 3 % of the female population {38}, The eifect of
smo}(eiess tobacco on periodontal hea}ﬁi has mainy
farused on attachment {oss manifested as gingived
recessipos 3t the site were the tobacco s regularly
piai:ed adjacent to the snuff dipper’s lesion {2, 430,
7, 19, 2¢). The mecession bas beent postylated to be
a ruuif of mechandical traursa, However, in 2 more
recent in vitre study it was shown st somokeless
tabacen extract can stiomlate peripheral mono-
cyte cells o produce prostaglanding (83, In 2 stady
from USA agueous exirachs of chewing tobacco dry
and moist souff was found to induce inflammatory
changes in endothelial cells that rosy promote redru~
itment of leukocoytes {8). No studies on the effect of
extract from Sw ’dzsh moist snuff on periedontal e
gament fibroblasts i vitro have been published.
The aim of the present study way to evaluste the
effect of Swedish moist snuff extract on PDL Aibro-
blast growth and hard tssue production and com-~
pare with modst spufl extract from USA

Material and methods

Preparation of PDL cells

Perindontal Bgament cells {(FDL-cells} were obtained
fronm the root serface of premolars extracted for ort-
hodoatic reasons from healthy patients, 14-17 years
of age. The patients arad their parentewere informed
axnd the parents gave written consent, The siudy was

<-ppr<we<§ by the Human Ethical ( omimittee at Laad

Usiversity, Lund, Sweden, ;
The teeth were extracted wnder stectle conditions
(.nﬁ washed in phosphate buffered saline (PBS) with
a Pendciliin \r:.;wmmvz,m solution® {PEST) and
6.5 % Geotamicie {10 mgfmll Then te petiodan-
tal ligament was gently scraped off frome the middle
h ird of the ot surface to avoid contandnation from
the gingival and apical tissues. The tissue explants
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were transferred to 23 om® cell culture dishes with
Dulbecce’s Modified Eagles Medium® {DMEM)
sunpiemevzted with 10 % fetal calf serum (FBS),

% PEST and o.5 % Gentamicin, The explants were
xcwexed with sterile glass sHps and the dishes were
placed in a cellftissue incubator in 37 with 5%
C(Oa in air for one week, The cells were allowed 1o
roigrate from the explants and after reaching abowt
50 % confluence the cells were washed twice with
PBS, and trypainated with Trypsin - EDTA solotion®
{0.5 g trypsin, 0.2 g EDTAA} Then DMEM was ad-
ded and the suspension was centrifuged 3t 1000 rpm
for 5 minutes. The pellet was suspended in supple-
mented DMEM and transferred o celf culture Basks
{passage 1), After passage § the cells weee trypsinated

“and frozen at -86°C in 69 % DMEM, 20.% FRS, 1 %

PEST and 1¢ % dimethyl solfogide, DMEOD (Hybri-
Max®}, in @ concentration of roughly sop oo cells
per mi mediun.

Preparation of snuff exteact
Swedish moist Q:zutf {Ettan Gothia Tobak AB, Swe-
den} with 2 pH of 8.3, water content 55 % and nice-
tine level of 2.1 %6 and Kentucky reference souff {the
only svailable American moist snaff for preparing
extract pwitha pHof 7.2, water content of 52 9% arud
nicoting level of 2.6 % was used in the preparation
of snuff extract A pH of 8.5 is valid for the three lar-
gest brands in Sweden (Ettan, Grovsnus, Generad),
’{‘he extracty were made by g standardized procedure
b Asturry of wo g st in 300 mi distilled water
was agitated for 1 hour and then centrifuged 4t 3300
rpm for3o minutes. Thesupernatant was flteved th-
rough 2 pold Alter (Muniktell, Sors Grycksbo, Swe-
den} and then throngh a 6.2 mn flter { Vacucap g0,
Gelman Scences, KEBD, Stackholm, Sweden!, The
sterility of the selutinn was checked by inoculation
on agar plates, The extract was siored frozen at-20°C
in 2 ot aliquots each of which was subsequently
thawed arud used in the experiments.

1o the extract from Swedish coulf the tobaceo spe-
cific nitrosamines {TSNA) lovel was 6.3 wgdmd (o
ppray and the nicotine vontent 10.8 mpiml (Lo %)
The vorresponding figures for extract from Ameri-
can snuff was 2 TSNA fevel of 1.5 pgfmi {15 ppm)
and a micoting cortent 15.8 mgfmi {158 %),

Tny the experiments the ol sxtract was diuted in
DMEM in the follewiny concentrations: yid/md, 3pl
ol soptfed souliml aed sonplivel as described belpw,

Biochemicai analyses :
The production of alkaline phusphatase after sowff
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exposure of PDL cells was determined with an ELI-
SA assay according to Morishita et al. (16} and read
in 2 spectrophotometer at 405 nm. The amoust of
protein was examined according to Bie-Rad Labo-
ratories protein assay {Richmosd, CA).

Experisnental design

In 3 first series uf expertraents the effect of different
tobacco concentrations on PDL cells from one sub-
ject {female 15 years) after different times of exposu-
re was established. The effect of serum free medivm
was also examined. Cells from passage 3 were used.

PDL cells were plated &t 30 voo cells per well and
grown in DMEM with 10 % FBS or 4 % bovine se-
rumn albumin {B5A). Smebeless tobacco extractsin
the concenirstions o3%; 3%, 1%, 3% and 10 %
together with @ negative control {culturing media)
were tested. All tests were vun in triplicate and pho-
tographs were taken at 0, 13, 6, 9, 24 aud 48 bours
using a digital camera, The phatographs were analy-
sed for changes in growth and morphology and the
production of alkaline phosphatase 48 hours after
snufl exposure iy DMEM with 496 BSA was mea-
sured.

Low concentrations 6.1 % and 0.3 % of Swedish
and American souff extract showed an ingreased
rumber of PDL cells when grown in DMEM with
10 % FBS but ot in DMEM with BSA. Vacuolisation
was recorded sfter 24 and 48 hours with 1% smutf
extract in serum free media. This was not revorded
in the presence of 1w % FBS, Bxposure 1o 10% suuff

sxtract caused cell death sfter 3 hours. After ¢ hours

all cells were dead.

I this experiment the production of atkaline
phosphatase was reduced afterexposure 103 36 spdf
extract whereas 6.3 % stimulated the pmziuc’zxm
compared to @ negative control.

‘Based on the findings above Swedish and Ame-
rivan sirsrkeless fobadco extract in concentrations
0.3 %, 1% amd 3 % (i DMEM with 1 % FBS) was
ested. Cells {passage 3} froor lower premadars of th-
ree different individuals (2 females 14 years, 1male, 17
vears) were used. All experiments were run 3 times,

each tiroe in triplicates and performed according to
the description bekow,

Day 8, PDL cellewere thawed and diluted with
DMEM with 10 % FBS and applied in 9.5
et microtiter plates, The cells were cal~
tivated i1 35°C with § % QO in afr and the
concentrations of cells per well differed
between w8 oo - 130 000 in the different
runs.

fer {DFEA 1 M dicthanolamine, o5 Ml
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The medivon was
with 10 % FBS
The medium was ¢h
% ¥BS

The medium was removed from the wells
and the different concentrations of smoke-
less Swedish and Kentucky tobacco was
added. DMEM with 1 % FBS was used as
a negative control. Al wells were p"mvo—
graphed in 200 X magnification with a digi-
tal camera (Olympus PP 23, The pH of the
medhun and different snpff concentea-
tions varied between 7.50 and 7.55 for Swe-
dish smokeless *z)%mcce commpared to 716 -
550 for Kentucky reference tubacon,

- A weils were photographed 24 bours after
exposare of tobacco sxtract,

Then the wells were washed terice with PBS and

Day 1. hanged to new FMEM

Day 2. anged to DMEM with

Day 3.

Day 4.

“trypstonted with 15 mi typadn-ERTA solution®, 37°C,

o wach well Bealdes, 3 ] DMEM with 10 % FBS was

added to eachwell, the materisl was transferred fo s mi

test tubes and centrifaged at 1000 rpm for 5 prinutes.

The pellets frvan cach concentration were pouled and
mixed with so0 gl 0.0 % Triton In diethanolamine budt
Mg I, pH
9.8} and Fowen 8T,

For the production of alkdine phosphatase and the
amwunt of protein this cell sespension was thawed, di-
luted vawith DEAbudffer and 1 il of alaline phospha-
te substrate (xmy/mly was added The amount of &
kaline phosphatesefamount of protein was recorded at
baseline and after 30 minutes and 2 hours.

Statistical methads

The comparison against control is made by means
of ‘the Wilcoxon signed rank test {iwo-sided}. The
comparison between Swedish and American snuff is
made by means of the Wilcoxon rank sum test {two-
sided}. A pvalue Jess than .05 3s considered stats~
tically significant. Bacly experiment was used »s the
unit for analyses.

Resultx

The phﬁt@gap‘n werg evihuated by 5 calibrated
examiners and the result bused on the findings of at
least 2 observers und 2 wells,

Batlent 1, fenale, 4 vears

Control ~ increased number of cells after 24 hours.
2.3:.% snuff extzact - unchanged ntmber of cells af-
ter exposiire to both Swedish and American smoke-
less wsbacen,

130 snuff extract - unchasged number of cells after
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exposure to Swedish snuff extract; increased number
of cells after exposure to Kentucky reference snuff.
3% sneff extract - reduced number of cells after
exposure 1o both Swedish and American smokeless
tobacco.

Patient 2, male, 17 years

Contred - vachanged purmber of cells after 24
hours.

£.3.% souff extract - unchanged npumber of cells af-
ter exposure (¢ both Swadish and American smoke-
fess tohacco.

1.% snuff extract- unchanged number of cells after
exposure to both Bwedish and American smokeless
tobacco.

3% souff extract- reduced mumber of cells after
exposure to both Swedish and American smokeless
tabacco.

Patient 3, female 14 years

Control - increased number of cells after 24 hours.
¢.3.% snuff extract - increased munher of vells after
exposure to Swedish snuff extracy; anchanged nom-
ber of cells after exposure to Kentucky reference
sauff. ~

1% sneff extract - unchanged number of cells after
exposure 1o Swedish smuff exiracy; increased number
of cells afier exposure to American sruff extract.

3 % souff extract reduced number of cells after ex-

posure 1 both Swedish and American smokeless
tobacco.

Comparison and conclusion of celi growth

in POL cells from two subjects cell cudtivation for
24 hours without snuff extract {control)} showed an
increased number of cells, where exposures 10 6.5 %
smf extract either were unchanged or increased.
Purther an increased mumber of cells were seen also
at exposure of 3 % American sandf extract

It POL cells from one subject there was no change
cither in the costrol, the 0.3 % extract exposwre or
the 1 % exposurs.

A reduced number of cells at exposuze for 3 % of
both Swedish and American snuff extract was de-
monstrated ia PR cells fom all three subjects,

In this experiment with 1% FBS in the culture
mediwm no cear~cut difference could be demon-
strated between Swedish and Xentucky reference
snaff in terms of cell growth,

Figs. shows. representative photographs of PDL
celly after 24 hours hrcubation with different con-
centrations of Swedish and Kentucky seference
snuff, DMEM with 1% FBS from the same cultare
plate was used as a negative control.

Alkaling phosphotase
Exposure o ¢.3 and 3% Swedish and American

DO Tabie 1. The production of alkaling phosphatase/amour of protein compared fo the conteol {CI after 30
angd 120 minutes’ incubstion of ceffs sanier axposed to Swedish (Sw.) and Amerdsan (A sauff exiract,
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@ Figuee's. Repres: e prictograph of PO ce i 24 hours incubiaiion with different onc
tiops of Swedish and Yentucky refarence snufl, TMEM with 1% 785 hom the
35 & neqative contra,

stk Swedish snuff,
3. negative contral B 0.3 %, ¢ 1 % andi 4. 3 % snuff exracd
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EEFECT OF SMOKELESS TOBACL EXTRACT OW PEAIOSC

‘

e control, 103 %, g 1% and B 3 % soufl extrart

b Kenturky rofemncs 5
2. negative
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souff extract did not show any statistically signifi-
cant difference in alkaline phosphatase production
compared t the control at 30 mimstes or two hours
incubation. Nor was there any significant difference
hctwe en Swedish and American smuff extract, Expo-
sure 1o 3 % snoff extract, however, resulted in a sta-
istically significant reduction in alkaline phosphata-
sefamount protein both after 30 minutes (p=0.0039}
and 2 hours (p=0.0039) with no difference between
Swedish and American snuff extract (Table 1.)

Discussion

In the present study human periodontal Bgarsent
{PEIL} cells have beenneaposed to different coneen-
trations of Swedish and Kemueky refevence sauff ex-
tract. There was no difference begween Swedisly and
Kentucky smokeless tobacea concerning morpholo-

- gieal changes and production of alkaline phospha-

tase froo PDL cells i this én vitro model,
These results can partly be compared to Jobnson of

al, {14) who examined the effect of an aqueous smo-

keless tobacco extract {(STE) on gingival Kerating-
oyte production of prostaghndin B2 {(PGE2) and in-
tertenkin-y (IL-1), miediators invalved in perfodantal
destruction snd keratinoeyte proliferation, Ten %
STE significantly {p <o.us} depressed cofl numbers
and viability. Lowsr tobiscco conventrations did not
affect cell numbers or viability, but Qig(hﬁC'tnh? {p<
0.03) increased PGEz and e levels:

Alpar et al. (3} studied the oytotoxicity of nico-
tiné on human priniary oral fibeoblast cultures amd
found that the toxic effects of nicotine became rre-

versible in the range between 10.5 and 15.5 mM, whe- |
reas af lower canwatratwns cells recovered after the
withdeaswal of nicoting. The acute effects of mm‘am :

an the formation and resorption of bone ywors exa

nined in coltures of different rat osteogenic cells at’

concentrations that vecur in the saliva of smokeless
tobacco users (22} The recolis suggested that nico-
tine muight have o itizal effects on bone metabolism,

Nicotine is absorbed inta the blond stream via
transfer across various oral membranes indlading
the buccal mucosa. Observativns by Furie s al

{9} suggest that smokeless tobacce may. induce

inflanmmatory changes i vive by activating endothe~
Hum in 3 manner that promotes recruitment of Jeu-
kocytes, which roay contribute by isue damage, A
study by Mavropeudus et ol (33} showed that acute
exposure of snuff induced & rapid ncrease in gingi-

vat blood flow that was higher than the increase in

Bood pressure, indicating an active vasodilatation.
Ina recent stady on Swedish sauff it was shown that

oicotine is one of the substances o soulf that has a
biological effect on the oral nwcoss {3) which also
seems o be valid for PDL cells, The results of the
present in vifro study have shown that PDL cells
from different mi};utﬂ demonstrated a reduced
mumber of cells at exposure for 3 % of both Swedish
and American snoff exiract, The proaduction of al-
kaline phosphatase was similarly reduced from cells
exposed to 3 % snuff extract .

i the manufacturiog of moist smdf in Sweden
2 heat treatment process is used while ¢ fermenta-
tion process is used i USA. The American snoff has
3 lower pH but somewhat higher nicotine content
than the Swedish product. Bince wwre nicotine

free if the snuff }ws « higher pH value the ~>u>iogz

cal effects of stootine on the PDL cells in the two
gmdu»ts should be similar s found in the present
study. This is also in acoordance with in vitro studies
from Sweden where the resalts imnplied minor or na
differences between the snef extract from Sweden
and USA i terms of direct toxicity {21).

The most prevalent effects of smokeless tobacca
are louslized 1o the site of placenient, in the form
of gingival recession and white mucosal lesions.
Whether the use of smokeless tobacco may affect
pesiodontal tissuss in general is 1 not known, wen
though a recent epsdemmlggmi stody has dissus-
sed & refationship between smokeless tobacco and
peviodontal disease. In g 115 population-base:d
study of 12932 adults participating in the Third Na-
t*cmai Health wnd Nutrdtion Bxamination Swr VEY
the s ussociation between siokeless whbaces use and

severe active ;aerxa&mxtxi disease, defined us an in-
dividual having at least 1 toath with.6 mm or more

asttachment loss and blecding on the same tooth,
was evaluated {3). It was rngu:teci that aduits cor-
rently using smokeless tobacco were twice as likely
to have severe active periodontal disease a5 adults
wha niever used smobeless tobasco. The authors
conchude that their results indicste that smuheless

tobacco may be an important risk factor for severe
Cactive ;}ermdtmt.ﬁ disease.

Further stindies bave 1o be made to understand the
effect of smokeless tobaen on periedontal tissues.
However, fromy thig shudy can be conduded that
smokeless tobaceo has hm}gg;cai effects interms of
reduced PO cell growth and production of alkaline
phosphatase.
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