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Recently, aggressive periodontitis was

redefined as a complex disease exhib-

iting microbial alteration and cellular

dysfunction, which differs from

chronic periodontal disease in the

underlying molecular mechanisms of

its pathogenesis. Aggressive periodon-

titis comprises a heterogeneous group

of periodontal diseases that affect

adolescents and young adults. It is

characterized by a very rapid loss of

periodontal tissue in otherwise clini-

cally healthy subjects (1); however,

aggressive periodontitis is compara-

tively rare in the general population

(0.1–5%; 2). Previous studies have

investigated some factors that may

increase host susceptibility to tissue
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Background and Objective: Biochemical parameters of crevicular fluid could pro-

vide evidence of periodontal tissue disease. The aim of this study was to analyze

enzymes in crevicular fluid in aggressive localized and generalized periodontitis.

Material and Methods: One hundred and twenty-four subjects were classified as

having localized (n = 36) or generalized aggressive periodontitis (n = 38) and

subclassified into moderate and severe groups. Controls were 50 periodontitis-free

subjects. Activities of the enzymes lactate dehydrogenase, neutrophil elastase,

alkaline phosphatase and aspartate aminotransferase were determined. Data were

analyzed using one-way ANOVA and Tukey�s test.

Results: Among the subjects with localized aggressive periodontitis, values of

lactate dehydrogenase and alkaline phosphatase increased notably in moderate

and severe periodontitis compared with control subjects. Values for aspartate

aminotransferase increased with the severity of the disease, and neutrophil elastase

was increased in the moderate and severe states. In generalized aggressive peri-

odontitis, lactate dehydrogenase showed higher values than in control subjects in

both periodontal subgroups. Alkaline phosphatase and neutrophil elastase showed

higher significant differences between moderate and severe periodontitis compared

with the control group. Aspartate aminotransferase showed differences between

the severe and moderate periodontitis groups compared with the control group. Of

all the enzymes analyzed, only lactate dehydrogenase showed higher values in

localized than in generalized aggressive periodontitis.

Conclusion: Lactate dehydrogenase may distinguish localized and generalized

aggressive periodontitis. Alkaline phosphatase increases from moderate to se-

vere states in both types of periodontitis. Aspartate aminotransferase and

neutrophil elastase only increase with strong evidence of periodontal

destruction.
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destruction in aggressive periodontitis,

including genetic factors, functional

defects of polymorphonuclear leuko-

cytes and monocytes, and high levels of

inflammatory mediators and cytokines.

Aggressive periodontitis is also associ-

ated with invasive pathogens, such as

Agregobacter actinomycetemcomitans

and Porphyromonas gingivalis, signifi-

cant reduction in polymorphonuclear

neutrophil chemotaxis, family history,

rapid progression and low plaque lev-

els (3); destruction of alveolar bone

insertion is marked, but episodic.

Aggressive periodontitis affects people

under 30 years old; however, patients

may be older (4). There is considerable

interest in studies aimed at under-

standing the etiology and pathogenesis

of this disorder. Aggressive periodon-

titis can be classified into localized and

generalized aggressive periodontitis

and, according to the quality of bone

loss, into moderate and severe aggres-

sive periodontitis (1). Localized

aggressive periodontitis is character-

ized by interproximal periodontal

destruction located on incisors or first

molars and with no more than two

additional teeth affected. Generalized

aggressive periodontitis affects at least

three additional teeth. Of the three

fluids found within the oral cavity

(gingival crevicular fluid, serum and

saliva) gingival crevicular fluid has

been the focus of most research in

recent years. It is an exudate that flows

into the oral cavity from periodontal

pockets. Its composition resembles

that of serum, and the intensity of its

flow has been shown to vary as a

function of gingival inflammation.

Several biochemical parameters of

gingival crevicular fluid have been

proposed as detectors or predictors of

periodontal disease activity (4,5);

however, it is difficult to determine

which parameter or group of parame-

ters would be the most appropriate for

use in clinical practice (6).

For periodontists, the progression of

the disease is difficult to predict.

However, the evolution of biochemical

parameters could help to detect tissue

behavior (7).

Sampling of gingival crevicular fluid

is relatively easy and noninvasive (8).

It can be collected with paper strips or

capillary tubes from the sulcus between

the tooth and the gingival margin.

Gingival crevicular fluid collected from

diseased sites has been shown to have

high levels of host-derived enzymes,

such as neutrophil elastase (NE),

alkaline phosphatase (AP) and aspar-

tate aminotransferase (AST; 9,10).

Neutrophil elastase, a neutral serine

proteinase of primary granules, cleaves

elastin and several other components

of the gingival tissue (11). A large

number of studies have demonstrated a

positive relationship between the

amount and activity of NE and the

amount of inflammation and attach-

ment loss (12,13). Alkaline phospha-

tase has been measured in gingival

crevicular fluid to examine the rela-

tionship between periodontal condi-

tions and disease activity (14,15).

Intracytoplasmic enzymes, particularly

lactate dehydrogenase (LDH) and

AST, are very active biochemical

markers in gingival crevicular fluid and

may contribute to monitoring the

progression of periodontal disease. The

levels of AST in serum have been used

for many years as an aid in the diag-

nosis of myocardial infarction and

other types of necrosis. At the peri-

odontal level, these markers could

change as a result of the disease itself

or as a result of the therapy used

(16,17).

The aim of this study was to com-

pare the values of enzymes present in

the gingival crevicular fluid of patients

with localized and generalized aggres-

sive periodontitis and their subclassi-

fied states, moderate and severe, as a

contribution to knowledge regarding

early clinical diagnosis of the disease.

Material and methods

Clinical parameters

Clinical considerations for patients

with periodontitis have been previously

published (18), method of examination

(19).

Clinical parameters were assessed at

six sites on each tooth (mesiobuccal,

mediobuccal, distobuccal, mesiolin-

gual, mediolingual and distolingual)

using a manual periodontal probe

(Hu-Friedy, Chicago, IL, USA). The

following parameters were included:

gingival index (20), plaque index (21),

bleeding on probing up to 15 s after

gentle testing, probing depth (distance

between the gingival margin and the

bottom of the sulcus/pocket) and clini-

cal attachment loss (distance between

the cemento-enamel junction and the

bottom of the sulcus/pocket). Bone

resorption in aggressive periodontitis

was established on the basis of the clin-

ical and radiographic criteria. Periapical

radiographs were taken using a stan-

dardized long-cone paralleling tech-

nique.

In addition, both forms of aggres-

sive periodontitis were subclassified as

exhibiting at least two sites per quad-

rant in localized aggressive periodon-

titis and four sites per quadrant in

generalized aggressive periodontitis of

the following clinical features: moder-

ate group, gingival index > 1, plaque

index > 1, bleeding on probing and

probing depth and clinical attachment

loss between 4.5 and 6 mm; severe

group, gingival index > 1, plaque

index > 1, bleeding on probing and

probing depth and clinical attachment

loss > 6 mm; and control subjects,

gingival index < 1, plaque index < 1,

no bleeding on probing, probing depth

and clinical attachment loss < 3 mm.

Study population

The study group consisted of 124

subjects, classified according to their

clinical diagnosis (18,19). The localized

aggressive periodontitis group (n =

36) consisted of 20 women and 16 men

aged 28.5 ± 7.09 years and the gener-

alized aggressive periodontitis group

(n = 38) consisted of 22 women and

16 men aged 33.6 ± 0.6 years. The

control group (n = 50) was composed

of 30 women and 20 men aged

35.9 ± 10.6 years.

Exclusion criteria for all subjects

included smoking in the past 6 months

(self-reported), systemic diseases, peri-

odontal therapy, and the use of

antibiotics, steroidal or nonsteroidal

anti-inflammatory agents in the

6 months prior to the study. Inclusion

criteria for all subjects were a mini-

mum of 20 natural teeth, excluding

third molars, and gingival index > 1,
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plaque index > 1, bleeding on probing,

probing depth and clinical attachment

loss ‡ 4.5 mm for patients; and gingi-

val index < 1, plaque index < 1, no

bleeding on probing, probing depth

and clinical attachment loss < 3 mm

for the control group.

All subjects were of mixed ethnicity

(European extraction andMestizo) and

similar socio-economic level accord-

ing to their higher educational level,

employment, housing and living area.

They were selected from those who

attended the Faculty of Dentistry, Na-

tional University of Tucumán. Written

informed consent was obtained from all

patients prior to their participation.

Sampling of gingival crevicular fluid

Gingival crevicular fluid was obtained

by a single calibrated investigator from

six to eight sites per patient, in order to

reach the sample volume for the

chemical determinations. Sites with the

highest probing depth were selected in

periodonitis patients, while upper

incisors and first molars were chosen

for sampling in the control group.

After isolating the tooth with a cotton

roll and drying with a gentle stream of

air to prevent saliva contamination,

supragingival plaque was carefully

removed with curettes. Gingival cre-

vicular fluid was collected by placing a

2 mm · 8 mm Whatman no. 1 filter

paper strip into the sulcus until mild

resistance was felt, and it was left in

place for 30 s, following the recom-

mendations of Lamster et al. (22).

Those with saliva or blood were

excluded. Strips were then removed

and placed in a preweighed Eppendorf

tube. The weight of the fluid of each

strip, expressed in migrograms, was

converted to volume in microliters by

assuming that the density of gingival

crevicular fluid is 1.0 mg/mL. Gingival

crevicular fluid was eluted from the

strips with 100 lL of bidistilled water

by a centrifugal method. All samples

from each patient were pooled and

used for chemical determinations. The

final concentration of the chemical

components was calculated considering

the total eluted volume of each pooled

sample and expressed per microliter of

gingival crevicular fluid.

Chemical determinations

Laboratory analyses were per-

formed blind to clinical diagnosis. The

hydrolysis of a specific peptide,

N-methoxysuccinyl-ALA-ALA-PRO-

VAL-p-nitroanilide, was used to mea-

sure NE following Nakashima et al.

(15). Briefly, 25 lL of the sample were

incubated for 2 h at 37�C with 6 mg of

the substrate in 1 mL of dimethyl

sulfoxide and diluted with 10 mL of

distilled water. The product of hydro-

lysis was determined at 405 nm. One

unit of NE is the amount of enzyme

that releases 1 lM product/min.

For the AP determination, 50 lL of

gingival crevicular fluid were added to

50 lL of the sodium phenylphosphate

substrate in alkalinity. The amount of

phenol released reacts with 4-amino-

antipirine and ferricyanide as an oxi-

dant agent. The developed color is

directly proportional to the enzymatic

activity at 520 nm.

Lactate dehydrogenase was deter-

mined by incubating 40 lL of

the eluted gingival crevicular fluid

with 1.3 mL of 300 mM DL-lactate

and 63 mM NaCl in 66 mM glycine–

NaOH buffer (pH 10.2). After 15 min

incubation at 37�C with 2,4-dini-

trophenylhydrazine, color is developed

at 505 nm.

The AST activity was evaluated by

incubating 100 lL of the gingival cre-

vicular fluid sample with 100 lL of

100 mM aspartate and 2 mM a-keto-
glutarate in 100 mM phosphate buffer

(pH 7.4). After 30 min incubation at

37�C with 2,4-dinitrophenylhydrazine,

color is developed at 505 nm.

Statistical analysis

The data were analyzed by an SPSS

system (SPSS Inc., v 13.0, Chicago,

IL,USA). Differences among groups

were analyzed by one-way ANOVA.

When the differences were significant,

Tukey�s test was used.

Results

The clinical parameters of the selected

test sites for both forms of aggressive

periodontitis are shown in Table 1

(localized aggressive periodontitis) and

Table 2 (generalized aggressive peri-

odontitis). Clinical parameters gradu-

ally increased from moderate to severe

in both localized and generalized

aggressive periodontitis subgroups.

Plaque index, gingival index, bleeding

on probing, probing depth and clini-

cal attachment loss were statisti-

cally higher (p < 0.001) in moderate

and severe groups than in the control

group for both forms of aggressive

periodontitis. All parameters were

mostly higher in generalized than in

localized aggressive periodontitis.

Table 1. Clinical parameters of patients with localized aggressive periodontitis

Clinical parameters

Moderate

(n = 17)

Severe

(n = 19)

Control

(n = 50)

Plaque index 1.6 ± 0.3 1.7 ± 0.5 0.6 ± 0.2

Gingival index 1.9 ± 0.7 1.9 ± 0.5 0.5 ± 0.2

Bleeding on probing (%) 64.7 ± 3.8 76.0 ± 1.5 0

Probing depth (mm) 5.2 ± 0.5 6.6 ± 0.5 2.1 ± 0.5

Clinical attachment loss (mm) 5.3 ± 0.7 6.8 ± 0.8 2.0 ± 0.7

Table 2. Clinical parameters of patients with generalized aggressive periodontitis

Clinical parameters

Moderate

(n = 15)

Severe

(n = 23)

Control

(n = 50)

Plaque index 1.5 ± 0.9 1.8 ± 0.5 0.6 ± 0.2

Gingival index 1.8 ± 0.6 2.3 ± .0.6 0.5 ± 0.2

Bleeding on probing (%) 77.6 ± 6.4 86.7 ± 1.7 0

Probing depth (mm) 5.3 ± 0.5 6.8 ± 0.5 2.1 ± 0.5

Clinical attachment loss (mm) 5.3 ± 0.5 7.0 ± 0.8 2.0 ± 0.7
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Among patients with localized

aggressive periodontitis, values for

LDH and AP were notably higher in

moderate and severe groups than in the

control group (p < 0.001), and signif-

icant differences (p < 0.001) were also

found when the moderate group was

compared with the severe group

(Fig. 1A,B). Values for AST increased

significantly (p < 0.001) with the

severity of the disease when the severe

group was compared with the control

and moderate groups (Fig. 1C); no

significant difference (p > 0.001) was

detected between control and moderate

groups. The level of NE also increased

with the severity of the periodontitis

(Fig. 1D), and statistically significant

differences (p < 0.001) were observed

between the control group and patients

with a diagnosis of moderate or severe

periodontitis.

In the generalized aggressive peri-

odontitis subgroups, LDH values were

higher (p < 0.001) in the moderate and

severe groups when compared with the

control group (Fig. 2A). Alkaline phos-

phatase values were higher (p < 0.001)

inbothgroupsofpatientscomparedwith

the control group, and significant dif-

ferences (p < 0.001) were also found

when themoderategroupwascompared

with the severe group (Fig. 2B). Differ-

ences were found in NE (p < 0.001)

when moderate and severe groups were

compared with the control group and

when themoderategroupwascompared

with the severe group at p < 0.05

(Fig. 2C). Significant differences were

found for AST when the moderate and

severe groups were compared with the

control group (p < 0.001; Fig 2D).

Enzyme levels determined in gingi-

val crevicular fluid were similar

between localized and generalized

aggressive periodontitis, except for

LDH, which was higher in the local-

ized form. For AST, the value in the

severe subgroup was also higher in

localized than in generalized aggressive

periodontitis.

Discussion

Although various studies (4,6,10) have

demonstrated that a local imbalance of

host-derived intracytoplasmic enzyme

response may lead to periodontal tissue

destruction, none of them has investi-

gated the role of these enzymes in

localized and generalized aggressive

periodontitis with different degrees of

periodontal disease.

The findings of the present study,

performed on groups of similar eth-

nicity and socio-economic characteris-

tics, confirm the association of elevated

levels of certain gingival crevicular fluid

components with the severity of the

periodontitis. Bastos et al. (3) found

significant differences between plaque

index, gingival index, bleeding on

probing, probing depth and clinical

attachment loss in moderate and severe

forms of localized and generalized

aggressive periodontitis patients, as in

the present study. In a previously pub-

lished paper, we concluded that the

release of high levels of lysosomal

enzymes by neutrophils, proteolytic

enzymes, such as collagenases, or

intracytoplasmic enzymes, such as

LDH and AST, can be equally useful to

monitor the progression of periodontal

disease (23). In the present study, LDH

in patients with localized aggressive

periodontitis was higher than in

patients with generalized aggressive

periodontitis, and both forms of

aggressive periodontitis had higher

values in the severe group than in the

moderate and control groups. Our

conclusion, based on previous work, is

that LDH increases when cell death

begins, reaches a maximum after some

time, and then begins to decline (24).

Regarding PA activity, our data in

localized aggressive periodontitis agree

with a previous study that reported

higher PA values in inflamed than in

healthy gingiva (15). However, Chap-

ple et al. (25) reported the development

A B

C D

Fig. 1. Lactate dehydrogenase (A), alkaline phosphatase (B), neutrophil elastase (C) and

aspartate aminotranferase levels (D) in gingival crevicular fluid of control (C), moderate (M)

and severe (S) localized aggressive periodontitis patients. *p < 0.05; **p < 0.001. Units for

NE are: U/mL.
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of a chemiluminescent assay for the

determination of AP, which is capable

of quantifying the enzyme in submi-

croliter volumes of gingival crevicular

fluid and serum. In this study, PA

notably increased in gingival crevicular

fluid of patients with moderate and

severe degrees of both forms of

aggressive periodontitis compared with

the control group. We suggested, in

agreement with Nakashima et al. (6),

that the combination of several bio-

chemical parameters in gingival cre-

vicular fluid could provide more

information for predicting future clin-

ical attachment loss.

In our previously published study, in

patients with chronic periodontitis, the

chemical determination of AST in gin-

gival crevicular fluid of periodontally

healthy control subjects and patients

with different states of periodontal

disease showed a substantial relation-

ship between AST levels and the clini-

cal indices, demonstrating that only

patients with more severe periodontitis

had higher AST levels (24). This enzyme

showed significant differences when the

moderate and severe groups were com-

pared with the control group, suggest-

ing that it could be used to determine

stages in generalized aggressive peri-

odontitis (26–28). Other authors dem-

onstrated that high levels of AST were

present at sites that did not subse-

quently exhibit disease progression. The

high prevalence of AST-positive sites

due to gingival inflammation dimin-

ished the test�s ability to discriminate

between progressive and stable but

inflamed sites. The site specificity AST

levels in periodontal disease was further

demonstrated.

Regarding NE, major differences

were observed between the control

group and patients diagnosed with

severe periodontitis. Similar results

were obtained in other investigations,

where high levels of NE were found in

patients with chronic periodontitis

(29). A longitudinal study demon-

strated that this enzyme might serve as

a predictor for future clinical attache-

ment loss (30), can reflect the risk and

the clinical status of periodontal

lesions, and can serve to monitor dis-

ease activity (12,13).

Our work shows, through quantita-

tive biochemical methods, differences

in the gingival crevicular fluid enzyme

levels in patients with localized and

generalized aggressive periodontitis,

which could contribute to the diagnosis

and monitoring of the disease. Lactate

dehydrogenase and PA could be used

to evaluate different states of aggres-

sive periodontitis, both localized and

generalized aggressive, whereas AST

and NE only appear when there is

greater periodontal destruction. Lac-

tate dehydrogenase levels >7000 UI/

mL could also distinguish severe and

moderate localized aggressive peri-

odontitis from severe and moderate

generalized aggressive periodontitis.

Furthermore, prospective studies and

an adjusted analysis are required to

find out whether these enzymes could

be used to monitor the progression of

periodontal disease.
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