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Reactive oxygen species (ROS) and free

radicals (FRs) are involved in the path-

ogenesis of several medical conditions,

including rheumatoid arthritis, acute

respiratory distress syndrome, cancer,

aging, acquired immunodeficiency syn-

drome (1) andperiodontal disease (2–5).

Periodontal disease is an inflammatory

disorder in which tissue damage occurs

via complex interactions between peri-

odontal pathogens and components of

the host defense mechanism (6–9).

When stimulated by bacterial patho-

gens, polymorphonuclear leukocytes

constitute the first line of cellular host

defense against bacteria in the gingival

sulcus (8–10). The production of ROS/

FRs, such as superoxide radical (�O�2 ),

hydrogen peroxide (H2O2) and the

highly toxic hydroxyl radical (ÆOH), by

polymorphonuclear leukocytes is the

primary means of killing bacteria; how-

ever, the extracellular release of ROS

results in destruction of the surrounding

tissues (11,12). A previous report

showed that the excessive local pro-

duction of ROS/FRs might play a role

in the pathogenesis of periodontitis (13).

Antioxidants are present in all body

fluids and tissues, and protect against

endogenously formed ROS/FRs

(14,15). Antioxidant defense systems

have the following three main compo-

nents: (i) preventive antioxidants,

which suppress the formation of

free radicals; (ii) radical-scavenging

antioxidants, which scavenge radicals

to inhibit chain reactions; and (iii)

repair and de novo enzymes, which

repair damage and reconstitute mem-

branes (16). A deficiency or decrease in

antioxidant capacity manifests itself
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Background and Objective: Reactive oxygen species and free radicals are involved

in the pathogenesis of periodontal disease. Previous studies have shown that the

stage of the menstrual cycle is associated with the levels of gingival inflammation

and discomfort. This study examined changes in salivary antioxidant activities,

clinical parameters and bacterial levels during the menstrual cycle.

Material and Methods: The study group consisted of 16 women with periodontitis

and 12 healthy women. Clinical and bacterial measurements were performed for

all subjects during the ovulatory and follicular phases.

Results: Salivary antioxidant activity during the ovulatory phase was significantly

lower than during the follicular phase in the women with periodontitis. The

antioxidant activity in all subjects during the ovulatory phase was negatively

correlated with Prevotella intermedia (r = )0.430; p = 0.023) and total bacterial

counts (r = )0.496; p = 0.007); however, these correlations were not significant

for subjects in the follicular phase.

Conclusion: This study showed that salivary antioxidant capacity decreased, while

bleeding on probing and P. intermedia increased, over the course of the menstrual

cycle in women with periodontitis. Antioxidant capacity could be involved in the

pathogenesis of periodontitis.
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largely via increased susceptibility to

oxidative stress, and the resulting

damage is thought to be involved

in disease (17). Previous studies have

reported that periodontal disease was

associated with a reduced salivary

antioxidant capacity and increased

oxidative damage within the oral cavity

(16,18–23). Therefore, the balance

between ROS/FRs and antioxidant

capacity is likely to be involved in the

pathogenesis of periodontitis.

One of the modifying factors that

may influence the pathogenesis of

periodontal disease may be the sex

hormones (24–26). Increasing concen-

trations of sex hormones at the time of

ovulation and during pregnancy may

cause the proliferation of specific peri-

odontal micro-organisms (27–31) and

change the host immunological

response (32–37). The salivary con-

centration of estradiol rises immedi-

ately before the ovulatory phase

(28,38), and the gingival inflammation

index increased without significantly

changing the plaque index (25,26). Our

previous study (39) showed the same

result, and detected increasing num-

bers and salivary levels of Prevotella

intermedia during the ovulatory phase.

The present study examined changes in

salivary antioxidant capacity, clinical

parameters and bacterial levels during

the menstrual cycle.

Material and methods

Subject selection

The study group consisted of 16

women with periodontitis (mean age

29.7 years, range 22–38 years), who

visited the Nihon University School of

Dentistry Dental Hospital for an oral

examination, periodontal treatment

or conservative dental treatment.

The clinical criteria for periodontitis

were standard measurements of clinical

probing depth. The periodontitis

patients had at least two sites with

probing depth ‡ 4 mm during the fol-

licular phase of the menstrual cycle.

Twelve female dental staff members

from Nihon University School of

Dentistry Dental Hospital with a clin-

ically healthy periodontium served as

control subjects (mean age 25.8 years,

range 20–36 years). All subjects had a

history of normal, regular menstrual

cycles and no evidence of systemic

pelvic pathology, such as pelvic

inflammatory disease. No subject had

received professional dental cleaning,

antibiotic medication or oral contra-

ceptives in the 3 mo before the start of

the study. All subjects were nonsmok-

ers. Subjects were instructed to record

their basal body temperature on a

chart (39).

This protocol was approved by the

Nihon University School of Dentistry

Institutional Review Board. Informed

consent was obtained from each sub-

ject.

The following measurements were

performed in all subjects during the

ovulatory and follicular phases. On the

day of the examination, the subjects

were requested to refrain from oral

activities, including drinking, eating,

chewing, mouth rinsing and brushing

for 2 h before data collection. All

subjects were measured during the

same time period (39).

Clinical parameters and saliva
sampling

The clinical parameters were probing

depth, percentage of sites with bleeding

on probing and O�Leary�s plaque con-

trol record. These parameters were

measured at six sites around six refer-

ence teeth (11, 16, 24, 31, 36 and 44)

using a PCPUNC15 probe (Hu-Friedy,

Chicago, IL, USA). After the clinical

examination, paraffin wax-stimulated

whole saliva was collected, and the

samples were stored at )80�C until use

(39).

Quantitative analysis with real-time
PCR

To determine the numbers of total

bacteria and two anaerobic bacteria,

Prevotella intermedia and Porphyro-

monas gingivalis, in saliva, real-time

PCR was used with an ABI PRISM

7700 Sequence Detection System (ABI,

Foster City, CA, USA). The saliva

samples were vortexed for 3 min,

boiled for 10 min, and immediately

placed on ice. The saliva samples were

then centrifuged (12,000g, 5 min) to

remove large debris, and aliquots of

supernatant were harvested for PCR

processing (39,40). The PCR ampli-

fication protocol consisted of 5 min

at 50�C, 10 min at 95�C, and 40 cycles

of 15 s at 95�C and 1 min at 60�C
(39,41).

The primer and probe sets used for

the two bacterial species were the same

as those used in our previous study

(39,42–44). To quantify total bacteria,

conserved sequences in the 16S genes

were selected. Simultaneously, total

bacterial ribosomal RNA was ampli-

fied in a separate reaction in the same

conditions as those used for the specific

amplification of the two bacteria. The

probes were labeled at the 5¢ end with

the reporter dye 6-carboxyfluorescein

(6-FAM) and at the 3¢ end with the

quencher dye 6-carboxytetramethyl-

rhodamine (TAMRA). Data were

analysed using the Sequence Detection

System software from ABI. The num-

ber of bacterial cells was determined

using DNA from known amounts of

P. intermedia ATCC25611 and P. gin-

givalis ATCC33277. A universal pri-

mer and probe set was used for

quantifying the total proportion of

bacterial cells in specimens (39,44).

Bacterial levels were expressed as the

percentage of total bacteria.

Antioxidant capacity

The antioxidant capacity was mea-

sured using an antioxidant potential

measurement kit (Radical Catch�;

Aloka, Tokyo, Japan) and a chemi-

luminescence reader (AccuFLEX

Lumi400�; Aloka) based on the Fen-

ton reaction, in which antioxidants are

trapped by luminol, resulting in light

emission (45). This is a procedure for

assessing the OH) scavenging activity

using ferrous iron-induced luminol

chemiluminescence (46). The saliva

samples were centrifuged (12,000g,

5 min). After centrifugation to remove

large debris, aliquots of supernatant

were harvested for measuring the

antioxidant capacity. First, 50 lL of

cobalt solution and 50 lL of luminol

solution were mixed with 20 lL of

sample solution and incubated for

5 min at 37�C. The generation of

hydroxyl radicals was started by the
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addition of 50 lL of H2O2 solution.

Light emission at 430 nm was

measured for 120 s immediately after

initiation. Distilled water was used as a

control. The light emissions from 80 to

120 s were integrated. The rate of

decrease in light emission compared

with the control was expressed as the

antioxidant capacity (47).

Statistical analyses

Differences in the salivary antioxidant

capacities, clinical parameters and

bacterial levels between the ovulatory

and follicular phases were analysed

using Wilcoxon�s signed-ranks test.

The Mann–Whitney U-test was used to

determine the differences between

subjects with periodontal disease and

healthy subjects. p-Values < 0.05 were

deemed to indicate statistical signifi-

cance. The Spearman rank correlation

test was used to determine possible

associations among the antioxidant

capacities, clinical parameters, and

bacterial levels. Statistical analyses

were performed using SPSS 16.0 soft-

ware (SPSS Inc., Chicago, IL, USA).

Results

In this study, six subjects with peri-

odontitis were added to the data set

from our previous study (39). Bleeding

on probing in subjects with periodon-

titis was significantly increased during

the ovulatory phase, which is the same

result as in our previous study, despite

the similarity in O�Leary�s plaque con-

trol record results (Table 1). The

bleeding on probing in subjects with

periodontitis was significantly higher

than in the healthy subjects during the

ovulatory phase (p = 0.014). The

bleeding on probing was increased in

87.5% of subjects with periodontitis

and 58.3% of healthy subjects at

ovulation. The mean and maximum

probing depth differed significantly

between the healthy subjects and those

with periodontitis during the follicular

and ovulatory phases.

P. intermedia was detected in 100%

of the subjects with periodontitis and

83.3% of the healthy subjects during

the ovulatory phase, while P. gingivalis

was detected in 81.3% of the subjects

with periodontitis and 66.7% of the

healthy subjects. The numbers and

salivary levels of P. intermedia in the

subjects with periodontitis were signif-

icantly higher during the ovulatory

phase than in the follicular phase

(p = 0.025 and p = 0.001, respec-

tively; Table 2). However, no signifi-

cant difference between the follicular

and ovulatory phases was observed in

the healthy subjects. The numbers and

salivary levels of P. intermedia in the

subjects with periodontitis were signif-

icantly higher than those of the healthy

subjects during ovulation (p = 0.004

and p = 0.017, respectively). No sig-

nificant difference was observed in the

total bacterial number or in P. gingi-

valis in either group.

The salivary antioxidant capacity

during the ovulatory phase was signif-

icantly lower than that of the follicular

phase in the subjects with periodontitis

(p = 0.037; Fig. 1). The antioxidant

capacity in all subjects during the

ovulatory phase was negatively corre-

lated with P. intermedia (r = )0.430,
p = 0.023) and total bacteria

(r = )0.496, p = 0.007), but not dur-

ing the follicular phase (Table 3).

Discussion

In this study, the subjects with peri-

odontitis had significantly lower sali-

vary antioxidant capacities compared

with the healthy subjects during the

ovulatory phase (p = 0.037). The sali-

vary antioxidant capacity was lower in

75.0% of the subjects with periodontitis

and 50.0% of the healthy subjects dur-

ing the ovulatory phase compared with

the follicular phase. In contrast, we

could not find a difference in the salivary

antioxidant capacities of subjects with

periodontitis and healthy subjects dur-

ing the follicular phase (Fig. 1). How-

ever, Chapple et al. (48) found that the

antioxidant capacity in saliva was lower

in subjects with periodontitis compared

with healthy subjects. Moreover, stud-

ies have reported that periodontal

disease is associated with a reduced

Table 1. Changes in clinical measurements during the menstrual cycle

All values are expressed as the means ± SD. Wilcoxon�s signed ranks test, statistically significant difference between follicular and ovulatory

phase; n.s., not significant. Mann–Whitney U-test, statistically significant difference between follicular and ovulatory phase; *p < 0.05,

**p < 0.01.
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Fig. 1. Changes in salivary antioxidant capacities of healthy women and those with periodontitis during the menstrual cycle.

Table 2. Bacterial measurements during the menstrual cycle

All values are expressed as means ± SD. Wilcoxon�s signed ranks test, statistically significant difference between follicular and ovulatory

phase; n.s., not significant. Mann–Whitney U-test, statistically significant difference between follicular and ovulatory phase; � p < 0.05,

�� p < 0.01

Table 3. Spearman correlation coefficients between salivary antioxidant capacity and parameters in all subjects during the follicular and

ovulatory phases

Bleeding

on

probing

Mean

probing

depth

Maximum

probing

depth

O�Leary�s
plaque

control

record Age

Salivary

flow

rate

Porphyromonas

gingivalis (%)

Prevotella

intermedia

(%)

Porphyromonas

gingivalis

Prevotella

intermedia

Total

bacteria

Antioxidant

capacity

(%)

during the

follicular

phase

0.310 )0.221 )0.098 0.200 )0.205 )0.240 )0.008 )0.097 )0.091 )0.148 )0.194

Antioxidant

capacity

(%)

during the

ovulatory

phase

0.070 )0.157 )0.230 )0.020 )0.258 0.086 0.116 0.079 )0.177 )0.430* )0.496**

*p < 0.05, **p < 0.01 were considered statistically significant.
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salivary antioxidant capacity and in-

creased oxidative damage within the

oral cavity (16,18–23). The reason for

the discrepancy in the present study

could be due to the different assay

methods used, the mode of saliva stim-

ulation and storage, or the classification

of patient groups by disease status.

There were some differences in the

salivary antioxidant capacity of peri-

odontitis subjects between the follicular

and ovulatory phases. One possible

reason for the decreased antioxidant

capacity may be increasing salivary

estrogen levels during the ovulatory

phase. Some studies have indicated that

the immunosuppressive actions of

estrogen vary with the reproductive age

of the organs (49,50). The effects of

estrogen on periodontal tissues, which

may relate to reducing salivary antioxi-

dant capacity, include stimulation of

phagocytosis by polymorphonuclear

leukocytes and reduction of T-cell

mediated inflammation (51).Moreover,

Akalin et al. (52) found that the anti-

oxidant capacity in gingival crevicular

fluid was lower in pregnant than in

nonpregnant periodontitis groups, and

was lower in the periodontitis groups

than in the healthy groups.

Another reason for the reduction in

salivary antioxidant capacity may be

that it is mediated via an increase in

ROS/FRs induced by the host response

to periodontal bacteria. Previous stud-

ies reported that the antioxidant

capacity decreases as probing depth in-

creases (53), and that efficient radical

scavengers appear to be reduced in

periodontitis (13,18). In the present

study, the antioxidant capacity in all

subjects during the ovulatory phase was

negatively correlated with P. intermedia

and total bacteria. We detected

increasing numbers and salivary levels

of P. intermedia during the ovulatory

phase, which may be caused by rising

salivary estradiol. In addition, the sali-

vary levels of P. intermedia were posi-

tively correlated with those of

P. gingivalis in all subjects (ovulatory

phase, r = 0.573, p = 0.002; and fol-

licular phase, r = 0.477, p = 0.01), al-

though there was no correlation

between the antioxidant capacity and

P. gingivalis in all subjects. Some stud-

ies reported that periodontal bacteria

would be associated with a reduced

salivary antioxidant capacity (18,19).

M. Takane and N. Sugano (unpub-

lished data) found that the salivary

antioxidant capacity of periodontitis

patients was significantly correlated

with the numbers of P. gingivalis

(r = )0.50, p < 0.05) using the same

methods as those of the present study.

Changes in the antioxidant capacity

and ROS/FRs have been reported in

major human disease (1). Although in

many cases these changes are likely to

occur as a result of the underlying

disease progression, in other cases

these changes are closely linked to the

onset or development of the disease.

The antioxidant capacity deficiency or

decrease manifests itself largely

through an increased susceptibility to

oxidative stress, and the resulting

damage is thought to be involved in

diseases such as cancer, Parkinson�s
disease and Alzheimer�s disease (17).

Moreover, several studies found that a

significant reduction in the salivary

antioxidant capacity was related to a

higher prevalence of oral cancer (54–

56). In our study, it is possible that the

decreased salivary antioxidant capacity

during the ovulatory phase might

contribute to increased damage to the

gingiva and surrounding structures,

although it is unclear whether the

reduced antioxidant capacity is a cause

or an effect of periodontal disease. To

our knowledge, this was the first clini-

cal study to assess the relationship

between salivary antioxidant capacity

and periodontal conditions during the

menstrual cycle and to show that

antioxidant capacity decreases signifi-

cantly with the stage of the menstrual

cycle in young adult women.

In summary, the salivary antioxi-

dant capacity decreased, while bleeding

on probing and P. intermedia

increased, during the course of the

menstrual cycle in women with peri-

odontitis. The evidence implicating

inflammatory mediators and cells in

the disease process suggests that the

local antioxidant status is important

in determining the susceptibility to

disease and its progression following

initial bacterial colonization. It is also

important to determine the possible

contribution of diet to the salivary

antioxidant status during the men-

strual cycle. In the future, antioxidant

supplementation may be used in the

treatment or prevention of periodontal

disease in young adult women.

References

1. McCord JM. Human disease, free radi-

cals, and the oxidant/antioxidant balance.

Clin Biochem 1993;26:351–357.

2. Battino M, Bullon P, Wilson M, Newman

H. Oxidative injury and inflammatory

periodontal disease: the challenge of

antioxidants to free radicals and reactive

oxygen species. Crit Rev Oral Biol Med

1999;10:458–476.

3. Chapple IL. Reactive oxygen species and

antioxidants in inflammatory diseases.

J Clin Periodontol 1997;24:287–296.

4. Bullon P, Morillo JM, Ramirez-Tortosa

MC, Quiles JL, Newman HN, Battino M.

Metabolic syndrome and periodontitis: is

oxidative stress a common link? J Dent

Res 2009;88:503–518.

5. Chapple IL, Matthews JB. The role of

reactive oxygen and antioxidant species in

periodontal tissue destruction. Periodontol

2000 2007;43:160–232.

6. Takane M, Sugano N, Ezawa T, Uchiy-

ama T, Ito K. A marker of oxidative stress

in saliva: association with periodontally-

involved teeth of a hopeless prognosis.

J Oral Sci 2005;47:53–57.

7. Page RC, Offenbacher S, Schroeder HE,

Seymour GJ, Kornman KS. Advances in

the pathogenesis of implications and

future directions. Periodontol 2000 1997;14:

216–248.

8. Page RC, Kornman K. The pathogenesis

of human periodontitis: an introduction.

Periodontol 2000 1997;14:9–11.

9. Lamont RJ, Jenkinson LRJ. Life below

the gum line: pathogenic mechanisms of

Porphyromonas gingivalis. Microbiol Mol

Biol Rev 1998;62:1244–1263.

10. Hewitt C, McCormick D. The role of

cathepsin C in Papillon–Lefèvre syn-
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