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Background and Objective: The aim of this work was to investigate any correlation
between the fluctuation of levels of specific proinflammatory cytokines in gingival
crevicular fluid and the fluctuation of sex hormones in peripheral blood at ovu-
lation and progesterone peak.

Material and Methods: Eighteen premenopausal women with normal and consis-
tent menstrual cycles and healthy periodontium were included in this study. The
exclusion criteria were as follows: (i) pregnancy; (ii) use of oral contraceptives;
(ii1) metabolic or systemic disease that might affect the periodontium; (iv) use of
antimicrobial or nonsteroidal anti-inflammatory drugs during the past 6 mo; and
(v) smoking. The measurements were performed at two specific time points for
each participant [(i) on the day of ovulation; and (ii) on the day of the proges-
terone peak) and included the following: (i) plaque index; (ii) bleeding on probing;
and (iii) the gingival crevicular fluid levels of interleukin (IL)-1p, IL-6, IL-8 and
tumor necrosis factor-o (TNF-a).

Results: During the menstrual cycle, plaque index values remained unchanged
(0.71 £ 0.07 at ovulation; 0.73 + 0.08 at progesterone peak; p > 0.05), as did
bleeding on probing (0.35 £+ 0.07 at ovulation; 0.41 + 0.07 at progesterone peak;
p > 0.05). At ovulation, mean gingival crevicular fluid levels were as follows:
IL-1B, 13.3 pg/sample; IL-6, 5.9 pg/sample; 1L-8, 18.7 pg/sample; and TNF-a,
25.9 pg/sample. The corresponding values at progesterone peak were as follows:
14.1, 10.1, 19.5 and 26.3 pg/sample. Only IL-6 gingival crevicular fluid levels were
significantly different between ovulation and progesterone peak (p < 0.05). This
could reflect sensitivity to subclinical amounts of plaque and biofilm constituents.

Conclusion: The subclinical increase of IL-6 at progesterone peak is not accom-
panied by clinical changes in the periodontium.
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The menstrual cycle of women is a
period of 25-30 d controlled by the
secretion of sex hormones. The cycle is
divided into two phases: the prolifera-
tive (phase A) and the secretory phase
(phase B). The proliferative phase is
characterized by a gradual increase in
the production of follicle-stimulating
hormone (FSH), luteinizing hormone
(LH) and estradiol and, to a lesser
degree, progesterone. Around the 14th
day of the menstrual cycle, there is a
sudden and marked increase in pro-
duction of LH, leading to ovulation. In
the subsequent secretory phase, the
production of LH and FSH decline,
while there is an increase in the pro-
duction of progesterone (1,2).

Sex steroid hormones can signifi-
cantly influence the periodontal tissues
(3,4). For example, estrogens may
influence the proliferation, differentia-
tion and growth of epithelial cells and
fibroblasts, resulting in a reduced epi-
thelial barrier to bacterial insult and
altered collagen metabolism (3,5,6). In
addition, estrogen receptors in osteo-
blast-like cells mediate the direct impact
on bone (4). In contrast, progesterone
affects the local vascularity, increasing
vascular permeability and prolifera-
tion, and stimulates the production of
interleukin-6 (IL-6) by human gingival
fibroblasts (7-9). Additionaly, female
hormones may influence oral micro-
biota, as an increased number of
Porphyromonas  gingivalis, Prevotela
intermedia or Capnocytophaga species
has been reported during puberty and
pregnancy (3,10-12).

It is generally accepted that
increased sex hormones during the
menstrual cycle modulate the devel-
opment of gingival inflammation,
although this is not fully confirmed
experimentally (8,13—15). This may be
partly explained by the fact that lon-
gitudinal studies of any minor changes
in the quality of the gingiva are seri-
ously hampered by the limitations of
the clinical and laboratory methods of
investigation. Additionally, subclinical
inflammatory changes could become
overt, modulated by the host response
and sensitivity to small amounts of
plaque, depending on the composition
of the plaque biofilm. More specifi-
cally, Holm-Pedersen and Loe (16)
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showed that there is no correlation
between the condition of the gingiva
and the different phases of the
menstrual cycle in clinically healthy
gingiva, whereas a significant deterio-
ration in pre-existing gingivitis was
observed during the first day of men-
struation. In contrast, gingival crevic-
ular fluid volume increased when FSH
and estrogen levels were higher,
whereas gingival crevicular fluid vol-
ume decreased when progesterone lev-
els were higher during the menstrual
cycle, according to Lindhe and Atts-
from (17). More recently, Machtei
et al. (15), in a longitudinal study of 18
premenopausal women, reported no
statistically significant difference in
plaque index, but an increase in gingi-
val index in the ovulatory and
premenstrual periods.

In gingival inflammation, proin-
flammatory cytokines play a major role
in the progression of the disease. Spe-
cifically, interleukin-1B (IL-1B) medi-
ates the production of prostaglandins,
leukotrienes and platelet-activating
factor and promotes bone resorption.
Tumor necrosis factor-a  (TNF-o)
activates inflammatory leukocytes and
stimulates the production of cytokines
as well as antibodies. Interleukin-6 is
responsible for the production of the
acute-phase proteins (such as fibrino-
gen) by the liver, and is the basic
growth factor for activated B-cells,
whereas interleukin-8 (IL-8) is not only
the main chemotactic factor for
neutrophils but also for eosinophils,
basophils and lymphocytes (18-21).

The purpose of this study was to
examine the fluctuation of specific
immune factors (IL-1p, IL-6, IL-8 and
TNF-0) in the gingival crevicular fluid
of periodontally healthy women at
ovulation and progesterone peak, in
order to investigate possible mecha-
nisms for the hormone-tissue interac-
tion in the periodontium.

Material and methods

Eighteen premenopausal women, 19-25
years old, exhibiting a stable menstrual
cycle, volunteered to be included in this
longitudinal study, which was held
from September 2008 to October 2009.
These patients were recruited from a
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pool of students of Aristotle University
of Thessaloniki. Written informed
consent was provided by all partici-
pants. The study design and protocol
were approved by the Ethics Commit-
tee of Aristotle University of Thessa-
loniki and were found to conform to
the guidelines issued in the Declaration
of Helsinki. Inclusion criteria were as
follows: (i) premenopausal women;
(if) normal and consistent menstrual
cycle, 25-35 d long; and (iii) healthy
periodontium, with no radiographic
evidence of bone loss, and plaque
index <10% and bleeding on prob-
ing <10% at initial examination.
Exclusion criteria were as follows:
(i) pregnancy; (ii) use of oral contra-
ceptives; (iii) metabolic or systemic
condition that might affect the perio-
dontium; (iv) antibiotic therapy or use
of nonsteroidal anti-inflammatory
drugs within the past 6 mo; and
(v) smoking. An ovulation test (which
measures LH in urine) was given to
each patient in order to determine each
woman’s exact day of ovulation. The
LH surge is very brief, and in order to
avoid any mistakes the subjects started
taking the test 3 d before the middle of
their cycle, at the same time point every
day. This test works by detecting the
LH surge, and so a timetable was set,
consisting of the following two time
points during the menstrual cycle:
(i) the day of ovulation; and (ii) the
day of the progesterone peak (7 d after
the day of ovulation). A plaque control
program, including professional tooth
cleaning, was undertaken prior to
treatment to ensure gingival health at
baseline.

The measurements performed for all
patients at each of the two time points
included the following: (i) plaque index
(22); (ii) bleeding on probing; and
(1ii) gingival crevicular fluid collection
for determination of IL-1f, IL-6, IL-8
and TNF-a. For the determination of
clinical parameters, full-mouth records
were obtained. The collection of the
gingival crevicular fluid samples has
been previously described by Tsalikis
et al. (23), and it was always performed
prior to the clinical assessments. The
samples were collected from the Ram-
fjord teeth as suggested by Rams ez al.
(24). Each site under study was isolated
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with cotton rolls and air dried. Paper
strips (Periopaper; Harco Electronics
Ltd., Winnipeg, MB, Canada) were
gently inserted into the gingival crevice
of the mesial-buccal site of each Ram-
fjord tooth and left in place for 30 s.
The paper strips were then placed in
one test tube for each subject (pooled
sample), which contained 150 pL of
phosphate-buffered saline, sealed and
immediately sent to the laboratory,
where they were centrifuged (5 min,
3000g) at room temperature with the
vortex unit. Then the strips were
removed and the tubes immediately
frozen and kept at —70°C until trans-
ferred to Hippocrates General Hospital
of Thessaloniki for further processing.

The micro-ELISA method was used
for measuring cytokine levels. All
samples and standards were assayed in
duplicate. The levels of IL-1B, IL-6,
IL-8 and TNF-o were determined
using commercial ELISA kits, accord-
ing to the manufacturer’s instructions.
The amounts for each cytokine were
examined using a microplate reader at
450 nm as the primary wavelength and
at 620 nm as the reference wavelength.
Positive control samples confirmed the
validity of each assay procedure, and
standard curves were linearized by
using point/point paper and regression
analysis applied to the point transfor-
mation.

Statistical analysis

For the concise presentation of results,
indicators of central tendency (means
and medians) and variance (standard
deviations, minimum and maximum
values) as well as coefficient of corre-
lations (Spearman’s rho) were calcu-
lated. The nonparametric Wilcoxon
test was used for the various compari-
sons of distributions and mean values.
Nonparametric statistical processes
were used, because sample size was
relatively small and it was not possible
to support and test normality of
parameters’ values. In all nonpara-
metrical statistical tests, the observed
level of significance (p-value) was cal-
culated with the ‘exact’ method. This
approach leads to valid inferential
conclusions even in cases when the
presuppositions of statistical testing

procedures (random samples, normal
distribution, independent observations
and large sample sizes) are not satisfied
(25). Statistical analyses were per-
formed using the statistical software
spss v.15 (IBM, Chicago, IL, USA)
with the module Exact Tests installed.
In order to increase the power of the
correlations’ significance testing pro-
cedures, the significance level was pre-
determined at p < 0.10.

Results

All subjects completed the trial. The
changes in the clinical parameters were
not significant, whereas the results of
statistical analysis for the immuno-
logical parameters are presented in
Table 1. During the menstrual cycle of
each participant, the plaque index and
bleeding on probing values did not
reveal any significant difference (p >
0.05), indicating that periodontal
health was successfully maintained.
There was no statistically significant
difference between the two measure-
ments for IL-1B, IL-8 and TNF-a
(p > 0.05), whereas a statistically
significant difference was observed
between ovulation and progesterone
peak for IL-6. Specifically, the IL-6
mean value at ovulation was 5.9 pg/
sample and at progesterone peak it
reached 10.1 pg/sample (p < 0.05).
Finally, at each time point, the corre-
lation between two cytokines was
checked for both measurements, and
statistical significance was detected

only between TNF-o and IL-1B
(Spearman’s p =-0.463, p = 0.082 at
ovulation; Spearmans p = —0.493,
p = 0.062 at progesterone peak). In
addition, for the second measurement
the correlation is stronger for the
window of TNF-o values >27.5 pg/
sample.

Discussion

This prospective, longitudinal study
examined the periodontal condition of
18 periodontally healthy premenopau-
sal women exhibiting stable menstrual
cycles, on the day of ovulation and on
the day of the progesterone peak.
Machtei et al. (15) also examined the
periodontal condition of 18 women at
two time points during the menstrual
cycle and found a statistically signifi-
cant increase in the gingival index. In
the present study, it was observed that
on the day of progesterone peak the
levels of TNF-o, IL-1p and IL-8
remained stable. On the contrary, IL-6
values were significantly increased.
The cellular pathway for this hor-
mone-tissue interaction during men-
struation has been studied widely in
peripheral blood. Brannstrom et al.
(13) reported that TNF-o showed a
significant fluctuation during the men-
strual cycle, with surges just before
ovulation and in the premenstrual
period, whereas no significant fluctua-
tions in the levels of IL-2 and IL-6 were
observed. In contrast, Lapp et al. (9),
Gornstein et al. (14) and Konecna

Table 1. Values of central tendency and variance for the four parameters at ovulation and at

progesterone peak

Exact
Mean Median SD Minimum Maximum  p-value
Tumor necrosis factor-o
Ovulation 25.85 28.00 7.46 12 36 0.551
Progesterone peak 26.33 31.00 8.66 11 40
Interleukin-1f
Ovulation 13.34 11.00 8.57 6 31 0.901
Progesterone peak 14.10 11.00 8.28 6 31
Interleukin-6
Ovulation 5.88 6.40 1.84 2.7 9.4 0.034*
Progesterone peak 10.13 6.40 8.41 4 34
Interleukin-8
Ovulation 18.67 20.00 3.24 11 23 0.531
Progesterone peak 19.47 21.00 3.23 11 22

*p < 0.05, statistical significance.



et al. (26) found that serum IL-6
showed a negative correlation with
estradiol and progesterone. These
cytokines are considered to play an
important role in the initiation, pro-
gression and the host modulation of
periodontal disease, and even a mini-
mal imbalance of cytokine production
may affect induction of bone and col-
lagen destruction in periodontal dis-
ease (27,28). High levels of IL-1B in
gingival crevicular fluid and in gingival
tissue have been associated with gingi-
val inflammation, while inhibition of
IL-1B reduced tissue destruction and
the progression of inflammation in
experimental periodontitis  (29-35).
Tumor necrosis factor-oo stimulates
collagenase production and bone
resorption and impairs the repair
capacity of the periodontium (36).
Baser et al. (37) reported that there is a
correlation between local inflammatory
markers, such as IL-1P, and systemic
hormonal changes, but failed to pres-
ent any significant change of TNF-o
values during the menstrual cycle.
Interleukin-6 is a pleiotropic cytokine
secreted in response to bacterial chal-
lenges, such as lipopolysacharide, as
well as IL-1 and is involved in leuko-
cyte recruitment, apoptosis and T-cell
activation, as well as in bone resorp-
tion (36-38). Becerik er al. (38) evalu-
ated the effect of hormonal changes
occurring in the menstrual cycle
on gingival inflammation and the gin-
gival crevicular fluid levels of IL-6,
prostaglandin E,, tissue plasminogen
activator and plasminogen activator
inhibitor-2 and concluded that changes
in the sex steroid hormones might have
a limited effect on gingival inflamma-
tion but that levels of gingival crevic-
ular fluid cytokines are not affected.
Finally, IL-8 is a chemotactic cytokine
involved in the recruitment and acti-
vation of neutrophils, as well as in
angiogenesis, and plays a key role in
the host defence mechanism in inflam-
matory diseases, including periodonti-
tis (20,21).

The detection of proinflammatory
cytokines in clinically healthy gingival,
indicating sensitivity to a subclinical
amount of plaque and biofilm constit-
uents, has also been reported. Faizud-
din et al. (39) detected the presence of
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IL-1B in gingival crevicular fluid in 12
of 20 periodontally healthy patients.
Interleukin-8 was found in gingival
crevicular fluid of 20 periodontally
healthy young adults aged between 25
and 35 years old, while high levels of
IL-6 in gingival crevicular fluid have
also been associated with increased
stress (40,41).

Another possible mechanism for the
interaction between hormones and
periodontal tissues was proposed by
Jensen et al. (10), who reported a dra-
matic increase in Bacteroides species in
women taking oral contraceptives and
in pregnant women. This influence can
be explained by the fact that female
hormones are substitutes for the
requirements of certain periodontal
pathogens. Raber-Durlacher et al. (42)
found that the proportion of Prevotella
intermedia increased during pregnancy,
and Klinger et al. (43) detected the
presence of P. intermedia in 22 of 29
samples of subgingival plaque from
women taking oral contraceptives,
although no changes in the clinical
parameters were observed. In contrast,
Fischer et al. (44) examined the
fluctuation in subgingival pathogens
during the menstrual cycle of 20
periodontally healthy premenopausal
women and found no cyclic variation
of bacteria under the influence of
hormones.

Hormonal changes aggravate gingi-
vitis in the presence of plaque. This
study illustrates the fact that when
good plaque control is maintained with
minimal gingival inflammation, hor-
mones would have limited influence.
The observed increase in IL-6 may
represent subclinical changes, which
should be considered when analyzing
data from epidemiological and treat-
ment studies in premenopausal peri-
odontally healthy women, where 1L-6
levels are used as primary or secondary
outcome variables. The detection of
proinflammatory cytokines in healthy
gingiva indicates subclinical inflam-
mation, which could become overt
with increased plaque/inflammatory
burden. The strict inclusion criteria of
plaque index and bleeding on probing
that were applied in the present study
might have excluded subjects who have
average oral hygiene habits and are
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also more sensitive to hormonal chan-
ges and left only those with minimal
disease who may not show differences
unless a very large group is examined.
Therefore, no general conclusions can
be drawn from this study. Further
studies will be required to explore the
mechanism by which this phenomenon
occurs and to examine whether these
subclinical changes have any lasting
negative effect on either healthy or
inflamed periodontium.
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