Simin Lesan, et al

Original Article

Salivary Levels of Uric Acid, Lactate Dehydrogenase, and Amylase in Smokers Versus Non-Smokers
Simin Lesan1 , Mandana Khatibi

, Sina Firoozan3

2

Oral Medicine Dept, Faculty of Dentistry,Tehran Medical Sciences, Islamic Azad University, Tehran, Iran.
Oral Medicine Dept, Faculty of Dentistry,Tehran Medical Sciences, Islamic Azad University, Tehran, Iran.
3
Private Practice, Tehran, Iran
1
2

ARTICLE INFO

ABSTRACT

Article History

Background and Aim: Smoking is a hazardous habit with numerous adverse effects
on oral health. It plays an important role in development of cancerous and precancerous lesions and periodontal disease. Saliva has an antioxidant system and several
enzymes. This study aimed to assess the salivary levels of uric acid (UA), lactate
dehydrogenase (LDH), and amylase in smokers versus non-smokers.
Materials and Methods: This descriptive, cross-sectional study was conducted on
60 individuals (30 smokers and 30 non-smokers) at the Dental School of Islamic
Azad University. The participants were requested to refrain from smoking, eating
and drinking prior to saliva sampling. A minimum of 1 cc of unstimulated saliva was
collected from each participant by the spitting method. The level of salivary LDH
was measured by the DGKC method, the level of UA was measured by the uricase
assay, and the level of amylase was quantified by the kinetic photometric method.
Data were analyzed by t-test, Chi-square test, Fisher’s exact test, and Mann-Whitney
test (P<0.05).
Results: The salivary level of UA was 1.35±1.2 mg/dL and 1.08±1.05 mg/dL in
smokers and nonsmokers, respectively with no significant difference (P=0.08). The
salivary levels of amylase and LDH were 44509±38062 U/L and 420±244 IU/L in
smokers and 47299±29659 U/L and 538±350 IU/L in non-smokers, respectively,
with no significant difference (P>0.05).
Conclusion: Despite the slightly higher level of salivary UA in smokers, the difference between smokers and non-smokers was not significant in any of the tested
parameters.
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Introduction

Smoking is a hazardous habit with numerous adverse effects on oral health. It plays
an important role in development of cancerous and precancerous lesions and periodontal
disease. Cigarette smoke includes toxic compounds such as aldehydes, carbon monoxide,
hydrogen cyanide, benzopyrene, and oxygen
radicals. These components can cause systemic
conditions such as cardiovascular and pulmonary
diseases. Oxygen free radicals may cause cytotoxic changes in the internal or external cellular
components such as lipids, proteins, and DNA,
and impair the cell function.(1,2)

The prevalence of squamous cell
carcinoma in smokers is 4-7 times the rate
in non-smokers.(3) According to the World
Health Organization, approximately one-third
of the world’s population over 15 years of age
have tobacco consumption.(4)
Saliva is the first body fluid exposed
to cigarette smoke, and is also the firstline defense mechanism against oxidative
stress.(5) The salivary antioxidant system plays
an important role in its anti-carcinogenic
property, and includes several enzymes
and molecules such as uric acid (UA) and
peroxidase system.
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Salivary levels of uric acid, lactate dehydrogenase,

UA, albumin, and ascorbic acid are the main antioxidants in the saliva.(6) Exposure of saliva to
cigarette smoke has shown some changes in the
salivary concentration of lactate dehydrogenase
(LDH), amylase, and UA both in vivo and in vitro; these factors are important antioxidants of the
saliva.(7)UA is one of the most important non-enzymatic antioxidants.(2,5,6,8) Also, it has been demonstrated that salivary enzymes such as amylase,
acid phosphatase, and LDH are affected by the
cigarette smoke.(2,4,9,10) Kanehira et al.(1) reported
that the salivary levels of thiocyanate and superoxide dismutase in smokers were higher than the
corresponding values in non-smokers.
Baharvand et al.(2) reported significantly higher
activity of superoxide dismutase in smokers than
non-smokers. Buduneli et al.(6) demonstrated a
reduction in total salivary glutathione of smoker
patients with gingivitis. Zappacosta et al.(8) found
no significant difference in the salivary level of
UA and entrapped radicals in smokers and nonsmokers. Reznick et al.(11) reported a significant
reduction in the activity of oral peroxidase in
smokers and non-smokers. Decreased activity
of oral peroxidase was associated with increased
carbonylation of salivary proteins, which served
as an indicator of oxidative damage of proteins.
The oral epithelium of heavy smokers cannot
be protected by oral peroxidase against the adverse effects of thiocyanate ions and hydroxyl
radicals generated by hydrogen peroxide. This
may lead to initiation or progression of tumorigenesis induced by cigarette smoke.(11) Evidence
shows the suppression of salivary antioxidant
protective system in smokers against the accumulated stresses in the oral cavity.(12) Some
studies found no significant difference in salivary level of UA and LDH between smokers and
non-smokers.(8,11,13)
Considering the existing controversy in the
results of studies,(8,11,13) this study aimed to assess
and compare the salivary levels of UA, LDH and
amylase in smokers and non-smokers presenting
to the Oral Medicine Department of Islamic Azad
University.

Materials and Methods

This descriptive analytical study was conducted on 30 smoker and 30 non-smoker individuals
that were selected among those presenting to the
http://www.jrdms.dentaliau.ac.ir

Oral Medicine Department of School of dentistry, Islamic Azad University.(2) The case group
included smokers who reported smoking 10 cigarettes daily for the past 5 years, and were systemically healthy.(6) The control group included
non-smokers who matched the smoker group in
terms of age, gender, plaque index, bleeding on
probing, clinical attachment loss, and medication
intake, and were also systemically healthy. Sampling was targeted, and data were collected by
clinical examination, interviewing the patients,
reviewing the medical records of patients, and
asking them to fill out an information form. The
Turesky, Gilmore, Glickman modification of the
Quigley-Hein plaque index was used to calculate
the plaque index of patients as follows:
Zero: No plaque
1: Separate areas of plaque at the cervical margin
2: A thin continuous band of plaque > 1 mm at the
cervical margin
3: A band of plaque with > 1 mm width covering
< 1/3 of the crown
4: Plaque covering 1/3 to less than 2/3 of the
crown
5: Plaque covering > 2/3 of the crown
Also, the clinical attachment loss was evaluated
to determine the periodontal status as follows:
Mild: Less than 2 mm
Moderate: 2-4 mm
Severe: > 4 mm (6)
Patients with grade 3 or higher clinical attachment loss were excluded.(6) The patients were informed about the study, and requested to refrain
from smoking for at least 1 h prior to saliva collection. They were also requested to refrain from
eating and drinking for 2 h prior to saliva collection. Saliva was collected between 9-10 a.m.
after rinsing the mouth with water, with patient
at resting position. A minimum of 1 cc of unstimulated saliva was collected by the spitting
method (14) and transferred to a laboratory within 24 h. The salivary level of LDH was measured by the DGKC method, which is based on
the conversion of pyruvate to lactase.(15) This is
an oxidation-reduction reaction. Two solutions
(1 cc) are mixed with 10 µL of the saliva, and
the optical density of the mixture is read at 340
nm wavelength at 37°C (normal value should
be 430 IU/L).(15) The salivary level of UA was
measured by the uricase assay using Accurex UA
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kit (India). Similarly, two solutions were mixed
with the saliva, and the optical density was read
at 500-530 nm (normal range is 3.6-8.2 mg/dL
in males and 2.3-6.1 mg/dL in females).(16) The
salivary level of amylase was measured by the
kinetic photometric enzymatic technique.
For this purpose, two solutions (1 cc) were
mixed with 10 µL of the saliva and the optical
density of he mixture was read at 405 nm wavelength (normal range is > 491 U/L in males and
> 447 U/L in females).(17) Data were analyzed
using t-test, Chi-square test, Fisher’s exact test,
and Mann-Whitney test at P<0.05 level of significance.

Results

This study evaluated 30 smokers and 30 nonsmokers. Table 1 presents the characteristics of
the two groups. As shown, the two groups were
similar regarding socioeconomic level (presenting to one center), age, sex, and periodontal status (gingival recession, bleeding on probing),
medication intake, and plaque index (P>0.05).
Table 2 shows the salivary levels of UA, LDH
and amylase. The results showed that the level of
UA in the case group was 0.3 mg/dL or 28.8%
higher than that in the control group (P=0.08).
The LDH and amylase levels were also slightly
higher in the case group but not significantly
(P>0.05).
Table 1. Characteristics of the two groups
Properties
Group
Control
group
(N=30)
Case
group
(N=30)
P value

Male

Female

Clinical
attachment
loss

32.8 ±
8.22

28
(93.3)

2
(6.7)

32.93
± 8.55

28
(93.3)

2
(6.7)

Age

0.9523

Gender

< 0.99

Bleeding on
probing
+

-

1.23 ±
0.43

21
(70)

9
(30)

1.23 ±
0.43

21
(70)

9
(30)

P < 0.99

Discussion

-

Table 2. Salivary levels of UA, LDH and amylase in
the two groups of smokers and non-smokers
Salivary
antioxidants
Group

Medication
intake

Plaque
index

0

91.83
±
12.06

0

94.17
± 8.52

-

P=
0.767

In this study, the salivary level of UA in
smokers was slightly, but not significantly,
higher than that of non-smokers, which was in
agreement with the results of Pullishery et al.(18) Zappacosta et al,(8) andAbdolsamadi et al.(13)reported no
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significant difference in level of UA in smokers
and non-smokers. Fatima et al.(14)showed that the
level of UA in smokers with periodontitis was
slightly, but not significantly, lower than that in
smokers without periodontitis. However, Greabu
et al.(19) reported that cigarette smoke significantly decreased the level of UA. The antioxidant
system of the saliva plays a fundamental role
in anti-carcinogenic capacity of the saliva, and
is mainly based on the UA. UA is a major salivary anti-oxidant.(8) Variations in the results are
probably due to the variations in methodology.
This study had an in vivo design, and saliva was
collected at least 1 h after smoking. This time
is sufficient for the release of saliva along with
anti-oxidant molecules into the oral cavity and
subsequent increase in the level of salivary UA.
However, Greabu et al,(16) in their in vitro study
and some others(4,20,21) reported significant reduction of UA in smokers. This difference may be
due to the fact that saliva was evaluated in this
study while the abovementioned studies evaluated the serum level of UA. It has been reported
that reduction in serum level of UA may be related to decreased protection against the oxidative
stress.(22)

Control group
(N=30)
Case group
(N=30)
P value

U.A
(mg/dl)

LDH
(U/L)

Amylase
(U/L)

1.05 ± 1.08

538± 350

47299 ± 29659

1.35 ± 1.2

420± 244

44509 ± 38062

P=0.08

P=0.1352

P=0.7526

LDH is an enzyme that catalyzes the lactate
products by reducing pyruvate in the process of
aerobic glycolysis. Nuclear magnetic resonance
analyses in metabolic studies have shown that
LDH is highly active even in highly oxygenated
tissues.(10) Assessment of plasma LDH has an important clinical value to find different pathological conditions or determine their severity. The
main source of salivary LDH is the oral mucosal
epithelium. Epithelial cells release LDH into the
saliva. Thus, changes in the salivary level of LDH
are likely due to pathological changes of the oral
epithelium, and saliva may be used for monitorhttp://www.jrdms.dentaliau.ac.ir

Salivary levels of uric acid, lactate dehydrogenase,

ing of the LDH level similar to plasma. Cigarette
smoke can degrade the LDH isoenzymes, and
significantly decrease the activity of LDH.
The salivary level of amylase is an indirect marker of the sympathetic adrenomedullary system,
and the salivary level of alpha amylase is measured as a marker for the activity of the sympathetic nervous system.(3)
LDH and amylase are two important salivary
enzymes that decrease in the process of oxidative stress. In the present study, the levels of LDH
and amylase in the case group were lower than
the corresponding values in the control group,
but not significantly. The present results regarding amylase were in line with those of Nater et
al,(23) Duskova et al,(3) and Ahmady Motamayel
et al,(24) who showed that smoking had no significant effect on the salivary level of amylase.
Nagler et al,(10,25,26) and Greabu et al.(19) reported
a significant reduction in level of LDH and amylase due to smoking, and showed that cigarette
smoke decreased the concentration of important
salivary enzymes. Also, Weiner et al.(27) indicated
a significant reduction in salivary amylase and
Avezov et al.(28) demonstrated a significant reduction in the activity of LDH due to exposure to
cigarette smoke. Zappacost et al.(29) demonstrated
that cigarette smoking significantly decreased the
level of amylase and LDH. However, the level
of these enzymes increased again after 60 min.
Some of the abovementioned studies had an in
vitro design and reported the results following
exposure to cigarette smoke. However, in the present study, the patients refrained from smoking
for 1 h prior to saliva collection, and by secretion of new saliva into the oral cavity, the concentration of UA, LDH, and amylase probably
increased again. Also, periodontal status affects
the salivary antioxidant system, which was standardized in the two groups in the present study.
This was a strength of this study, and has not been
performed in any previous study.
The salivary antioxidant system has gained
the spotlight in the recent years.(11) Antioxidants maintain the oral health by fighting free radicals.(8) Cigarette smoke has over
4000 chemical agents; out of which, 400 are
carcinogenic.(30) Also, cigarette smoke has free
radicals, which cause tissue damage by reacting with poly-unsaturated fatty acids in the
http://www.jrdms.dentaliau.ac.ir

cell membrane and nucleotides in the DNA
structure.(8) Such adverse events in the oral
environment and in presence of cigarette
smoke can play an important role in development and progression of malignant and premalignant oral lesions.(10)
Cigarette smoke contains hydrogen cyanide, which is metabolized by the liver into the
saliva thiocyanate, which is broken down in
the plasma and is secreted into the oral cavity
by the parotid gland.(7) The level of saliva thiocyanate can be measured to estimate oxidative stress.(1) The salivary antioxidant system
is an important host immunity mechanism and
particularly attacks the free radicals of cigarette smoke and prevents oral cancer.(11) The
anti-carcinogenic activity of the saliva against
oral cancer is such that saliva can inhibit
mutations due to known risk factors for oral
cancer such as cigarette smoke, 4NQO, and
benzopyrene.(11) A preliminary study showed
that cigarette smoke may impair the protective
effect of salivary antioxidants.(30) In the present
study, lack of a significant difference in the
measured parameters between smokers and
non-smokers may be due to the compensatory
activity of the human body to confront harmful
agents. Poor cooperation of some patients was
a limitation of this study.
Conclusion
This study did not show any significant difference in the salivary levels of UA, LDH, or
amylase between smokers and non-smokers.
Future studies are required to measure the salivary levels of these enzymes immediately after
smoking and for some time after it.
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