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ABSTRACT

Objective: The aim of this study was to evaluate the
effects of smoking on clinical parameters and the
gingival crevicular fluid (GCF) levels of alkaline phos-
phatase (ALP) in patients with chronic periodontitis
after initial periodontal therapy.

Material and Methods: The study base consisted of 41
volunteer patients including 22 current smokers and
19 non-smokers. The clinical parameters including
plaque index (PI), gingival index (GlI), bleeding on pro-
bing (BOP), probing depth (PD), clinical attachment
loss (CAL) were recorded and GCF samples were col-
lected for analysis of ALP levels. At the 3rd and the
6th months all of these procedures were repeated.

Results: In smokers, only CAL was significantly
higher at the 3rd month compared to non-smokers
(P<0.05). GI and BOP were higher in non-smokers
than smokers in both periods (P<0.05). PI showed
increases from initial to the 6th month in smokers
(P<0.05). Total activity of ALP was significantly hig-
her in non-smokers at the 6th month (P<0.05) and
decreased from baseline to the 6th month in smokers
(P<0.017).

Conclusion: The present study demonstrated that
cigarette smoking decreases ALP levels of GCF in
smokers.
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OzET

Amag: Bu calismanin amact sigara kullaniminin
kronik periodontitisli hastalarda klinik parametre-
ler ile DOS ALP enzim aktivitesi lizerine etkisinin
degerlendirilmesidir.

Gerec ve Yontem: Arastirma, sigara icen 22 hasta,
hi¢ sigara icmemis 19 hasta olmak lizere toplam
41 géniillii hasta tzerinde yiiriitildi. Biitiin has-
talardan gingival indeks (GI), plak indeksi (PI),
sondalama cep derinligi (SCD), klinik atasman
kaybt (KAK) ve sondalamada kanama (SK) dahil
klinik parametreler ve alkalen fosfataz (ALP) enzim
aktivitesi degerlendirmeleri icin diseti olugu sivist
(DOS) 6rneklemeleri yapildi. Biitiin Slciimler 3. ve
6. aylarda tekrarland.

Bulgular: 3. ve 6. aylardaki Sl¢ciimlerde sigara icme-
ven grupta, Gl ve SK ortalama degerleri istatistiksel
olarak anlamli bir sekilde daha yiiksek bulunmus-
tur (P<0.05). DOS ALP total aktivitesinin sigara
icmeyenlerde 6. ayda istatistiksel olarak anlamli bir
sekilde daha ytiksek oldugu ve sigara icen grupta ise
DOS ALP total aktivitesinin 6. aya dogru azaldig
gorilmustir.

Sonu¢: Bu arastirmada sigara kullaniminin DOS
ALP total seviyesini azalttigi sonucuna varilmstir.

ANAHTAR KELIMELER
Sigara kullanimi, ALP, Kronik periodontitis



INTRODUCTION

There is well-documented evidence that bac-
teria and their products found in dental plaque
comprise the primary etiologic agents responsi-
ble for periodontal disease'?. In the periodontal
tissue destruction that develops due to periodon-
tal disease, the products of tissue destruction
are seen in gingival crevicular fluid (GCF). It’s
shown that the levels of enzymes, in GCF such
as B-glukronidase (BG),? elastase,* collagenase,®
aspartate amiotransferase (AST)® and alkaline
phosphatase (ALP)” have a possible correlation
with periodontal destruction.

ALP is a membrane-bound glycoprotein found
on most cell membranes in the body.® It is pro-
duced by many cells within the periodontal en-
vironment, the principal source being polymor-
phonuclear leukocytes (PMN),? bacteria within
the supra and subgingival plaque!® and through
fibroblast and osteoblast activity.!*12 ALP is one
of the potentially powerful markers of periodon-
tal disease activity. This was first recognized by
Ishikawa and Cimasoni,'* who demonstrated lev-
els of enzyme in GCF three times those of serum
and showed a significant correlation between
ALP concentration in GCF and pocket depth.
Binder et. al.'* demonstrated that ALP concen-
tration in GCF showed a positive relationship
with attachment loss.

There are many risk factors in the onset and
progression of periodontal diseases'®!® and in a
number of studies, cigarette smoking has also
been found to increase the risk for periodontitis!”
24 In general, smoking could lead to increased
periodontal destruction by altering the host re-
sponse through 2 mechanisms: 1) impairment of
the normal host response in neutralizing infec-
tion and 2) alterations that result in destruction
of the surrounding healthy periodontal tissues®.
It has also been demonstrated that there is an
interaction between cigarette smoking and the
products of tissue destruction?® 27,

In literature, there isn’t a study that search-
es whether smoking has an effect on the levels
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of ALP in GCF or not. The aim of this study
was to evaluate the effects of smoking on clini-
cal parameters and enzyme activity of ALP in
GCF in patients with chronic periodontitis after
initial periodontal treatment at the 3 and the
6% months.

MATERIAL and METHODS

Subject and site selection

The present investigation included the follow-
ing subjects: 41 patients, 21 men and 20 women,
in the age range of 32-59 years (45.59+7.13).
The patients had moderate to severe periodon-
tal disease as evidenced by multiple sites with a
probing depth of 5 mm or more and bone loss
by radiographs. All participants were in principal
periodontally untreated and had not previously
received surgical therapy and were drawn from
the patients with chronic periodontitis at the De-
partment of Periodontology. Patients with a his-
tory of systemic diseases or having received an-
tibiotic therapies during the previous 6 months
were excluded.

Patients were classified as either current smok-
ers [S(+)], i.e., regular daily smoke 20 cigarettes
(22 patients), or non-smokers [S()], i.e., who had
never smoked tobacco (19 patients). All smokers
were cigarette smokers. The mean age of current
smokers and non-smokers was 44.41+7.88 and
46.94+6.07 years, respectively. The age differ-
ences between groups were found no statistically
significant using t-test (P>0.05).

All participants received primary phase of
non-surgical treatment including oral hygiene in-
struction, scaling and root planing. First month
after non-surgical periodontal therapy was ac-
cepted as the baseline of the study. At the 3¢ and
the 6% months clinical recordings and sampling
procedures were repeated.

Clinical recordings

Prior to crevicular fluid collection, supra-
gingival plaque was scored using Plaque index
(PI)?8. Gingival inflammation was scored follow-
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ing crevicular fluid collection using gingival index
(GI)?. Bleeding on probing (BOP) was measured
dichotomously®. Probing depth (PD) and clinical
attachment loss (CAL) measures were obtained
from sample sites (mesial or distal midpoints) of
teeth using a conventional periodontal probe
(Hu-Friedy, Chicago, IL, USA). The probe was
directed parallel to the long axis of the tooth.
CAL measurements were made from the cemen-
to-enamel junction to the bottom of the sulcus.
All clinical data were recorded by one examiner
(EOE).

Crevicular fluid sampling

After supragingival plaque was removed from
each tooth, the individual tooth site was gently
air-dried and isolated with cotton rolls. Each GCF
sample was collected with paper strips (Periopa-
per, Amityville, NY, USA) from randomly select-
ed 4 sites of each patient with 5mm or more PD.
The paper strips were consecutively inserted into
the crevice at the mesial or distal midpoints until
mild resistance was felt. The strips were left in
situ 30 seconds and then transferred, for volume
determination, to the chair-side located Periotron
8000 (Oraflow Inc., Plainview., NY, USA) which
was calibrated using known volumes of phos-
phate-buffered saline (PBS). Four strips of each
patient were immediately placed in a labeled tube
containing 500 pl PBS and transported to the
laboratory. Following 10 s vortexing and 20 min
shaking, the strips were removed and the elu-
ates centrifuged for 5 min at 5800 g to remove
plaque and cellular elements. The samples were
stored at -80°C until enzyme analysis.

Enzyme assay

ALP levels in samples were determined by
using an appropriate commercial ALP kit (Bio-
Clinica, Biobak, Istanbul, Turkey), 100 ul of
eluted sample was assayed according to the kit’s
instructions. When samples were added to ALP
kit, following reaction occurred.

P-nitrofenil fosfat+H,O D fosfat+p-nitrofe-
neol

The absorbance of mixture was read 1 min.
after and subsequent readings were repeated at
1+, 2 and 3 minutes. The absorbance changes
in each well were determined using a computer-
interfaced visible light spectrophotometer de-
signed to read color reactions in 96-well microti-
ter plates. Optical density readings of each well
were read at 405 nm and recorded on floppy
disks. The concentration and total activity of
ALP calculated following formula:

(1% reading) - (Initial absorption)=x
(2 reading) - (Initial absorption)/2=y
(3 reading) - (Initial absorption)/3=z
(x+y+2z)/3=t = rALP

ALP=(3,298x500xrALP)/GCF amount=(U/
L)/1000=U/ml

Total activity = (U/ml x GCF amount)/4=(U/
ml)/4 sites

Concentrations of ALP were corrected for
GCF volume and were defined as U/ml. Total
activity of ALP was expressed as U/4 sites.

Statistical analysis

Data were expressed as means and standard
deviations. The statistical significance of differ-
ences between groups was tested according to
Univariate analysis of variance. Baseline mea-
surements of parameters and age were taken
as covariate factors to eliminate the effects of
individual differences between subjects. There-
fore, analysis of co-variance was used to analyze
the differences in the levels of ALP in GCF and
clinical parameters between S(+) and S(-) groups
at the 3 and the 6™ months. The intra-group
measurements over time were analyzed by using
Friedman two-way ANOVA, including Bonferro-
ni adjusted Wilcoxon signed ranks test (P=0.017)
post hoc multiple comparison procedure when
significant associations were observed. Simple
pairwise correlations were calculated according
to the rank correlation of Spearman (r). The
null-hypothesis was rejected at P<0.05.



RESULTS

Clinical characteristics

The clinical characteristics of this study at
initial, 3 and 6" months are shown in Table I.
Although we applied non-surgical periodontal
therapy to match the periodontal conditions of
the patients, there were differences among initial
measurements. The confounding factors were
taken as covariate for homogenizing these mea-
surements.

When the clinical parameters were compared
between groups, in S(+) group, only CAL was
significantly higher compared to S(-) at 3" month
(P<0.05). GI and BOP were significantly higher
in S(-) group compared to S(+) in both evaluation
periods (P<0.05).
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Once comparisons of clinical parameters
were evaluated in each group, in S(+) group,
Pl showed increases from initial to 6% month
(P<0.05). In S(-) group, GI and BOP showed an
increase from 3" month to 6" month (P<0.05).
Therefore a significance was obtained between
initial and 6™ months (P<0.05). In each group,
from initial to 3¢ month significant decrease or
increase wasn't seen.

GCF sample levels of ALP

The concentration and total activity measure-
ments of the levels of ALP in GCF are shown
in Table 2. Although in 3" month, there was
no significant difference between groups in the
concentration and total activity of ALP (P>0.05),
the concentration and total activity of ALP were
significantly higher in non-smokers at 6" month
(p<0.05).

TABLE I

The mean values of clinical parameters at initial, 3" and 6™ months in sampling sites (mean + SD)

Initial values 39 month values 6™ month values
Parameters (ns:(;)z) (r;sz(%)g) (r?:(;)Z) (ns:(; )9) (nS:(;)Z) (nS:(-1)9)
Pl 1.56+0.37 1.33+0.31 1.68+0.40 1.68+0.18 1.90+0.307 1.84+0.24
Gl 1.48+0.40 1.59+0.34 1.29+0.26 1.59+0.22* 1.40+0.28 1.89+0.17*ab
BOP 0.48+0.40 0.59+0.34 0.29+0.26 0.59+0.22* 0.40+0.28 0.88+0.15*a°
PD 5.28+0.24 5.21+0.29 5.35+0.19 5.27+0.18 5.33+0.28 5.17+0.19
CAL 5.31+£0.78 4.54+0.49 5.10+0.85* 4.65+0.52 5.17+0.72 4.52+0.58

*P<0.05 according to S(+) or S(-) (initial values were used as covariates).
2P<0.05 according to initial value (Friedman and Bonferroni adjusted Wilcoxon signed ranks test).
®P<0.05 according to 3" month value (Friedman and Bonferroni adjusted Wilcoxon signed ranks test).

TABLE 11

The mean values of GCF ALP at initial, 3" and 6" months in sampling sites (mean + SD)

Initial values 39 month values 6" month values
S(+) S(-) S(+) S() S(+) S(-)
Parameter (n=22) (n=19) (n=22) (n=19) (n=22) (n=19)
Concentration (U/ml)  24.17+9.66  22.43+10.64 26.72+14.68  27.39+1424  16.28+6.67°°  22.19+8.87"
Totalactivity (W4 g5 103 8042200  8.03+1.86 7.63+1.76 7.19+0.84° 7.89+1.08*

sites)

“P<0.05 according to S(+) or S(-) (initial values were used as covariates).
a P<0.05 according to initial value (Friedman and Bonferroni adjusted Wilcoxon signed ranks test).
b P<0.05 according to 3rd month value (Friedman and Bonferroni adjusted Wilcoxon signed ranks test).
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In S(+) group, the concentration of ALP de-
creased from initial and 3" month to 6™ month
(P<0.05). The total activity of ALP in GCF de-
creased from initial to 6" month (P<0.05).

Correlations

Correlations between mean total activity of
ALP levels in GCF and clinical parameters are
shown in Table 3. There was a significant moder-
ate correlation between the mean total activity of
ALP in GCF and initial PD values in S(+) group
(P<0.05). In S(-) group, it was found that there
was a moderate negative correlation between the
mean total activity of ALP in GCF and initial PI
values (P<0.05). We didn’t observe any correla-
tions in the 3 and the 6" months.

DISCUSSION

It has been reported that smoking affects the
levels of some enzymes.?”3132 In this study, the
effect of smoking on the levels of ALP in GCF,
which is a potentially powerful marker of peri-
odontal disease activity, was evaluated, however,
it was observed that the level of ALP in GCF was
higher in non-smokers than smokers during six-
month study period.

In this study, non-surgical periodontal thera-
py was performed to match the amount of dental
plaque and degree of gingival inflammation of
patients with chronic periodontitis who regularly
smoke and never smoke. Because of that the first
month after periodontal therapy was accepted as
the baseline of the study.

It has been interpreted that the effect of ciga-
rette smoking on the periodontium to be indirect
and due to inadequate levels of oral hygiene and
increased plaque accumulation among smokers
relative to non-smokers®33°, Adversely, the de-
creased plaque levels in smokers due to smoking
can act as an anti-plaque agent and change the
contents of salival”*%%7. It has been also suggest-
ed that there was no difference between smokers
and non-smokers in plaque levels after surgical
periodontal therapy.®® In this study, PI levels of
both groups were the same after non-surgical
periodontal therapy in all evaluation periods.
This result supports the concept that cigarette
smoking does not have a direct effect on dental
plaque. However, when intra-group comparisons
were evaluated, increase of PI levels from base-
line to 6" month in S(+) group may be dependent
on altered environmental factors in the long term
by smoking.

Non-smokers were found to have higher GI
and BOP values than smokers in some cross-sec-
tional studies searching the effect of smoking on
the clinical parameters!’20-3, However, there are
studies that show no significant difference be-
tween smokers and non-smokers*® and smokers
have higher values than non-smokers®'. It was
reported that GI and BOP values were similar in
smokers and non-smokers 9 months after peri-
odontal therapy®?. In our study, increased mean
values of GI and BOP from baseline to the 6t
month may depend on poor oral hygiene in both
groups. In addition, GI and BOP values were

TABLE IIT

Correlations between total activity (U/A sites) of ALP and clinical parameters in S(+) and S(-) (r values)

PI Gl BOP PD CAL
Month St+) S() S(+) S(-) S(+) S(-) S(+) S(-) S(+) S()
(n=22) (n=19) (n=22) (n=19) (n=22) (n=19) (n=22) (n=19) (n=22) (n=19)
0 -0.002 -0.495* -0.022 -0.096 -0.022 -0.096 0.433* 0.163 0.041 0.192
3 0.121 -0.235 0.171 0.258 0.171 0.258 -0.121 0.258 -0.182 0.034
6 0.035 0.048 0.022 0.071 0.022 0.037 0.326 0.364 0.414 -0.325

*Significant correlation at alfa=0.05 (Spearman rank correlation coefficients)



found higher in non-smokers than smokers in
both evaluation periods. The suppressive effect
of smoking on bleeding, one of the markers of
inflammation, can mask gingivitis signs in smok-
ers. Besides, it has been found that the amount
of gingival vessels in smokers was half of that in
the non-smokers*3. The higher GI scores of non-
smokers can depend on nicotine, which causes
vasoconstriction of blood vessels such as in fore-
arm, skin, and hands. However, the effects of
nicotine have been disputed, some claim that the
blood flow is reduced** and others claim it is sig-
nificantly increased*® or unchanged®*®.

It has been demonstrated that PD values were
higher in smokers than non-smokers!?19:34-37:40.47
and a significant positive correlation between
smoking and CAL243537.394048 has also been
demonstrated. The increased PD and CAL levels
in smokers may be dependent on accumulation
of dental plaque and poor oral hygiene333549,
However, it was shown that deleterious effects
of smoking on periodontium resulted not only
from plaque amount and poor oral hygiene, but
also from the effect of direct tissue destruction
of smoking in homogen groups'®!'°. Some re-
searchers found that smokers had higher mean
values of PD than non-smokers after non-surgi-
cal periodontal therapy®®®!. However, Pucher
et al.*? could not find any difference in PD and
CAL scores between smokers and non-smok-
ers 9 months after initial periodontal therapy.
Similarly, in the present study, no difference was
detected in the mean values of PD for 6-month
period. Surprisingly, in this study mean values of
CAL were higher in S (+) group at the 3 month
and we couldnt find any significant difference
between groups at the 6! month.

GCEF is now widely used as the primary col-
lection source for components of host and bacte-
rial cell metabolism that may prove to be reliable
indicators of disease activity or potential activity.
However it is not without its problems. The prin-
cipal problem associated with GCF, is that the
extremely small volumes of fluid collectable from
a single site, necessitate highly sensitive analyti-
cal techniques to allow accurate quantification of
fluid components. GCF volume is influenced by
many factors such as flow rate®, gingival trau-
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ma®® and repeat sampling.® Because of that, the
total activities of some enzymes in gingival fluid
will correlate better with disease than enzyme
concentrations. One of the potential problem is
saliva contamination and this could clearly influ-
ence results expressed as enzyme concentration.
The total activity of enzymes is more associ-
ated with disease activity than concentration.>*
Therefore, the comparisons of enzyme between
groups, the changes of enzyme intra-groups and
the correlations between ALP and clinical pa-
rameters were evaluated and discussed accord-
ing to total activity in our study.

Some of the ways of collecting GCF are paper
strips, capillary tubes, paper cones and gingival
washing. Standardization in sampling is required
to allow comparison between samples. This is
achieved by sampling all sites for the same length
of time with a reproducible collection procedure.
We preferred to use paper strips as some of the
authors®>©!. Presently, GCF collection is usually
made by paper strips and 30 s time of sampling
is generally preferred>®5860.61,

ALP is enriched in the membranes of miner-
alizing tissue cells (e.g., osteoblasts) and is also
present in PMN granules, plaque bacteria, fibro-
blasts and osteoclasts.® Chapple et. al.®? suggest-
ed that host-derived ALP contributed to >80% of
the enzyme in GCF in levamisole inhibition and
studies on suspensions of washed plaque. Addi-
tionally, it’s demonstrated that the major source
of ALP within GCF was host derived and in early
inflammatory disease was likely to be of PMN
origin. In literature, although there are several
studies about association between periodontal
disease and ALP level of GCF1314:54.62-64.65 there
isn’'t a study about the effect of smoking on the
level of ALP in GCF. In the present study, after
initial treatment, we expect an increase in tissue
destruction products in GCF because of smok-
ing as being a risk factor. In contrast, there was
not a difference between groups at 3™ month;
ALP enzyme activity was higher in non-smokers
than smokers at 61" month. The lower level of
ALP enzyme activity of smokers and decrease of
enzyme activity at 6" month may be due to the
effect of smoking on the functions and products
of PMN, which are main sources of ALP. In addi-
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tion, it is demonstrated that there was a correla-
tion between concentration and total activity of
ALP in GCF and both GI and PD scores®. In this
study, there was a positive correlation between
only initial measurements and PD in smokers.

Finally, the degree of gingival inflammation
is not affected by cigarette smoking, and the
amount of dental plaque increases over time in
smokers. Moreover, this study shows that ciga-
rette smoking has an effect on the levels of ALP
in GCF in smokers.
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