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Background. Severe periodontitis leading to tooth loss is found in 5–15% of most populations worldwide. Aim. The applicability
of salivary 𝛽-hexosaminidase (𝛽-HEX A%, percentage of 𝛽-HEX A isoenzyme to total 𝛽-HEX) and 𝛽-HEX B% (𝛽-HEX B/𝛽-
HEX) indexes was investigated as a possible marker of periodontitis. Methods. Thirty three alcohol-dependent smokers (AS) and
32 healthy controls (C) were enrolled in the study.The activity of 𝛽-HEXwasmeasured spectrophotometrically. Results. 𝛽-HEXA%
was significantly higher and 𝛽-HEX B% was lower in AS than in C group. We found a significant correlation between 𝛽-HEX A%
and gingival index (GI) and an inverse correlation between 𝛽-HEX A% and salivary flow (SF), in all groups. Salivary 𝛽-HEX A%
index in smoking alcoholics at 0.23 had excellent sensitivity (96%) and specificity (91%); the AUC for 𝛽-HEX A%was high (0.937).
There were no correlations between amount/duration-time of alcohol drinking/smoking and 𝛽-HEX A% or 𝛽-HEX B%.We found
significant correlations between the time period of denture wearing and GI, papilla bleeding index (PBI), and decayed missing
filled teeth index (DMFT) and between GI and the amount of smoked cigarettes per day. Conclusion. Bad periodontal state was
most likely due to the nicotine dependence. Salivary 𝛽-HEX A% is a promising excellent marker for the diagnosis of periodontitis.

1. Introduction

Periodontium is a group of specialized tissues that surround
and support the teeth andmaintain them in themaxillary and
mandibular bones, and it consists of four principal compo-
nents: gingiva, periodontal ligament, cementum, and alveolar
bone [1]. The inflammatory state of periodontium is called
periodontitis, which is one of the most common oral diseases

and is characterized by the loss of connective tissue attach-
ment and bone around the teeth in conjunction with the
formation of periodontal pockets due to the apical migration
of the junctional epithelium (gingival inflammation and alve-
olar bone resorption) [2]. Periodontitis is generally described
as a multifactorial irreversible and cumulative condition,
initiated and propagated by bacteria and host factors. Severe
periodontitis leading to tooth losswas found in 5–15%ofmost
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populations worldwide. It is known that the oralmucosal sur-
face is the home of numerous normal flora microorganisms
(more than 500 different bacterial species are able to colonize
the oral biofilm), being the portal of entry for the majority of
pathogens. It is also known that salivary proteins participate
in the protection of oral tissues, as well as upper digestive and
respiratory tracts, against a number of microbial pathogens.
Therefore, potential periodontal and salivary changes may
influence the general health [2–7].

Almost 4% of global deaths, 4.6% of diseases and injuries,
and 30% of health care costs are attributed to alcohol abuse
[8]. Alcohol drinking is the world’s third largest risk factor for
disease and disability, whereas in middle-income countries it
is the greatest risk [9]. About 2% of the worldwide population
is dependent on alcohol. Up to 90% of alcohol-dependent
patients are reported to smoke cigarettes [10, 11].

The association between alcohol addiction and poor den-
tal state, periodontal state, and oral hygiene is widely known
[12]. It was also found that persons addicted to alcohol with
poor dental status have double concentration of acetaldehyde
in the saliva, than those addicted to alcohol and taking care
of oral hygiene [13]. In alcohol abusers, reduced salivary flow
may lead to inflammatory states of the oral cavity, periodontal
diseases, or infections [14]. The association between cigarette
smoking and poor oral hygiene is also widely known [12,
15]. Cigarette smoking was observed as the strongest of the
modifiable risk factors for periodontal disease, second only
to bacterial plaque [16].

Analysis of saliva and gingival crevicular fluid (GCF)
may be especially beneficial in the determination of current
periodontal status [3]. There is a need to develop the non-
invasive, cost-effective, and easy-to-use diagnostic tests and
to analyze periodontal diagnosis with identification of these
markers for the risk of developing periodontitis, active peri-
odontal disease, tomanage patient and response to treatment,
to reflect the extent of periodontal destruction, and to predict
the future disease progression. So far, some salivary andGCF-
derived enzyme markers (e.g., elastase, 𝛽-glucuronidase, 𝛽-
hexosaminidase, and lysozyme) and nonenzymatic salivary
protein markers (e.g., platelet-activating factor, growth fac-
tors, fibronectin, lactoferrin, and immunoglobulins) have
been identified [3]. However, measuring probing depth and
clinical attachment level by calibrated periodontal probe and
assessing gingival inflammation by gingival index (GI) and
papilla bleeding index (PBI) are still the most reliable and
specific clinical periodontal parameters for periodontal diag-
nosis [2].

Since𝛽-HEXB%highly improved the sensitivity of serum
𝛽-HEX, for example, in the diagnosis of alcohol abuse [17], we
investigated the salivary index of𝛽-HEXA%or𝛽-HEXB% to
be a useful potential method to increase the salivary 𝛽-HEX
sensitivity and specificity, as markers of periodontitis.

2. Materials and Methods

2.1. Participants. 65 individuals, participated in the study
comprised of 33 alcohol-dependent smoking individuals (9
females and 24 males) (mean age ± SD; 44 ± 0.3), recruited

from the Alcohol Detoxification Unit of the Psychiatric Hos-
pital in Choroszcz, Poland, and the control group consisted
of 32 healthy social drinkers (10 females and 22 males) (mean
age 41 ± 7.0) with no history of alcohol abuse or smoking.
The chronic alcohol intoxication ranged from 3 to 90 days
(mean 23); they drank an average of 232 (100–700) g of
alcohol/day. Alcohol-dependent individuals met the criteria
for the alcohol and nicotine dependence according to ICD-10
and DSM-IV criteria.The average time of dependence was 13
years for the alcohol and 21 years for the smoking. Alcoholics
smoked an average of 18 cigarettes daily.

The study was approved by the Bioethical Committee of
theMedicalUniversity of Bialystok, Poland. Informedwritten
consent was obtained from all the subjects after explanation
of the nature, purpose, and potential risks of the study.

Data and Sample Collection.Material from persons admitted
to the Detoxification Unit was collected at the second day of
the abstinence period.The subjects were instructed to refrain
from smoking, food, and beverages, except water, for 2 hours
before saliva collecting. All salivary samples (3mL of resting
whole saliva) were collected in plastic tubes placed on ice
by spitting method, under standardized conditions [18, 19],
between 8:00 am and 9:00 am, to minimize the influence of
circadian rhythms. The samples were centrifuged at 3,000×g
for 20 minutes at 4∘C, to remove cells and debris. The
resulting supernatants were divided into 200𝜇L portions,
frozen, and kept at −80∘C, until analyzed. Salivary flow (SF)
was calculated by dividing the volume of saliva by the time
of its collection. In all samples, the activity of total 𝛽-HEX,
𝛽-HEX A and 𝛽-HEX B, was assayed in duplicate, and the
means of the duplicate results were used as final values.

Gingival status was assessed using gingival index (GI)
and papilla bleeding index (PBI). GI scores the marginal
and interproximal tissues separately on the basis of 0 to 3.
The criteria are 0—normal gingiva; 1—mild inflammation,
slight change in color and slight edema but no bleeding on
probing; 2—moderate inflammation, redness, edema, and
glazing and bleeding on probing; 3—severe inflammation,
marked redness and edema and ulceration with a tendency
to spontaneous bleeding.The intensity of any bleeding in PBI
is recorded as 0—no bleeding; 1—a single discreet bleeding
point; 2—several isolated bleeding points, or a single line
of blood appears; 3—the interdental triangle is filled with
blood shortly after probing; 4—profuse bleeding occurs after
probing; blood flows immediately into the marginal sulcus.
Good periodontal health and dental health were interpreted
as follows: <1 for PBI and GI and <20 for DMFT (decayed,
missing, or filled teeth). The DMFT index was used to assess
the dental state.

2.2. Analytical Methods. Activities of total 𝛽-HEX and its
isoenzymes in supernatants of saliva were determined by
the colorimetric method [20]. The indexes of 𝛽-HEX A%
and 𝛽-HEX B% were calculated by dividing, respectively, the
activity of 𝛽-HEX A and 𝛽-HEX B by the total activity of
𝛽-HEX.
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2.3. Statistical Analysis. Statistical analysis was performed
with Statistica version 10.0 (Statsoft, Cracow, Poland). The
comparisons between groups were made using Mann-
Whitney U test with appropriate adjustment to the criti-
cal value of 𝑃. Descriptive characteristics are presented as
means ± 1 SD, whereas the results of the nonparametric anal-
ysis are presented as least square means ± 1 SEM (standard
error of the mean). Spearman’s rank correlation coefficient
was used to measure the statistical dependence between two
variables in alcohol-dependent persons. A receiver operat-
ing characteristic (ROC) analysis, calculations of specificity,
sensitivity and area under the ROC curve (AUC), and AUC
comparisons (for paired samples)were performedusing STA-
TISTICA Rapid Deployment of Predictive Models. Statistical
significance was assumed at 𝑃 < 0.05.

3. Results

3.1. Differences between Controls and Smoking Alcoholics.
There were no statistical differences in age between controls
and smoking alcoholics.

The mean 𝛽-HEX A% values in C and AS groups were,
respectively, 11.5 ± 19.6 and 45.5 ± 16.8. In AS group, 𝛽-
HEX A% was significantly higher than in C group (𝑃 <
0.001).Themean 𝛽-HEXB% values in C andAS groups were,
respectively, 87.9 ± 19.5 and 54.8 ± 17.3. In AS group, 𝛽-HEX
B% was significantly lower than that in C group (𝑃 < 0.001)
(Figure 1).

We did not find any significant correlations between
amount/duration-time of alcohol drinking/smoking (or time
of alcohol/smoking dependence) and 𝛽-HEX A% or 𝛽-HEX
B%. There were significant correlations between 𝛽-HEX A%
and GI (𝑟 = 0.479, 𝑃 = 0.001) and inverse correlations
between 𝛽-HEX B% and DMFT index (𝑟 = −0.309, 𝑃 =
0.038) as well as between 𝛽-HEX B% and GI (𝑟 = −0.433,
𝑃 = 0.005). We found also a significant inverse correlation
between 𝛽-HEX A% and SF (𝑟 = −0.501, 𝑃 < 0.001) and a
positive correlation between 𝛽-HEX B% and SF (𝑟 = 0.526,
𝑃 < 0.001). An inverse correlation was also found between
𝛽-HEX A% and 𝛽-HEX B% (𝑟 = −0.987, 𝑃 < 0.001).

3.2. Associations between Variables in Control Group. We
found significant correlations betweenGI and PBI (𝑟 = 0.840,
𝑃 = 0.0000), as well as between DMFT index and age
(𝑟 = 0.448, 𝑃 = 0.021). There were significant correlations
between 𝛽-HEX B% and PBI (𝑟 = 0.409, 𝑃 = 0.037) and GI
(𝑟 = 0.421, 𝑃 = 0.031).

3.3. Associations between Variables in Alcohol-Dependent
Persons. We found significant correlations between DMFT
index and PBI (𝑟 = 0.522, 𝑃 = 0.021), the time period
of denture wearing (𝑟 = 0.463, 𝑃 = 0.022), and age (𝑟 =
0.448, 𝑃 = 0.021). We found also significant correlations
between GI and the time period of denture wearing (𝑟 =
0.743, 𝑃 = 0.0004), DMFT index (𝑟 = 0.652, 𝑃 = 0.002),
PBI (𝑟 = 0.721, 𝑃 = 0.0007), and the amount of smoked
cigarettes per day (𝑟 = 0.627, 𝑃 = 0.009). There was also
a significant correlation between PBI and the time period of
denture wearing (𝑟 = 0.530, 𝑃 = 0.023).
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Figure 1: Comparisons between 𝛽-HEX A% (a) and 𝛽-HEX B% (b)
values between controls and smoking alcoholics.

3.4.Diagnostic Accuracy of the SalivaryTotal𝛽-HEXA%Index
in Smoking Alcohol-Dependent Persons. Obtained by ROC
analysis, 𝛽-HEX A% cut-off values showed that the measure-
ment of 𝛽-HEX A%, in the saliva of smoking alcoholics, at
0.23 has excellent sensitivity (96%) and specificity (91%).The
AUC for 𝛽-HEX A% was of high diagnostic value (0.937 ±
0.029) (Figure 2).

3.5. Oral Cavity Parameters. The salivary flow (SF) was sig-
nificantly lower inAS group than in the controls (Table 1).The
mean decayed, missing, and filled teeth index (DMFT) had
a tendency to be higher, and gingival index (GI) and papilla
bleeding index (PBI) were significantly higher in smoking
alcoholics (AS) than in controls (C).

4. Discussion

During periodontitis state, white blood cells, of which the
most troublesome and abundant are polymorphonuclear



460 Disease Markers

0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.2

0.4

0.6

0.8

1.0

Se
ns

iti
vi

ty

1 − specificity

𝛽-HEX A%

Figure 2: Receiver operating characteristic curves for the 𝛽-HEX
A% index in smoking alcoholics.

Table 1: Comparisons of salivary flow (SF), decayed, missing, filled,
and teeth index (DMFT), gingival index (GI), and papilla bleeding
index (PBI) in controls (C) and smoking alcohol-dependent persons
(AS).

Variable C AS 𝑃 value
SF (mL/min) 0.64 ± 0.34 0.24 ± 0.26 <0.001
DMFT 18.2 ± 5.31 21.1 ± 5.73 0.064
GI 0.26 ± 0.45 1.20 ± 0.82 <0.001
PBI 0.38 ± 0.57 0.90 ± 0.80 0.007
Values are expressed as mean ± SEM; 𝑃 value < 0.05 was considered statisti-
cally significant.
𝑃 value: C to AS group.

leukocytes (PMNs), signal for more and more white cells to
be recruited to the bacteria site.The congregation of toomany
PMNs leads to overproduction of noxious agents which are
intended to fight the bacteria but overinduce inflammation
of healthy tissue and encourage the progression of bone loss
and periodontal disease [6]. Neutrophils play a destructive
role in the periodontal tissue breakdown process due to high
levels of lysosomal enzymes, generation of superoxides, and
reactive oxygen species (ROS). In periodontitis, bacterial
virulence factors result directly in degradation of host tissues
or cause the release of biologic mediators from host tissue
cells (proteinases, cytokines, and prostaglandins) that lead to
host tissue destruction [3].

Ethanol, which is directly toxic to the mucosa of the oral
cavity (including periodontium), mouth, throat, esophagus,
and the stomach, diffuses rapidly into saliva and oral tissues
and immediately after drinking its salivary concentration
is temporarily much higher than that in plasma [21, 22].

After alcohol intake, acetaldehyde is locally formed in the
oral cavity oxidation system through oral mucosal alcohol
dehydrogenase and oral microflora. As further metabolism
of acetaldehyde to acetate via oral bacteria is limited, the
level of salivary acetaldehyde is 10–100 times higher than that
in the blood. Acetaldehyde in smoking alcohol-dependent
persons comes not only from the metabolism of ethanol
but also from tobacco smoke. Besides acetaldehyde, tobacco
smoke is a source of oxidative stress and contains up to 3000
different toxic substances such as nicotine, nitrosamines,
carbon monoxide, and other aldehydes that may potentially
damage the oral tissues [22, 23]. In addition, ROS gener-
ated during drinking and smoking, as well as nonoxidative
metabolites of ethanol (e.g., fatty acid ethyl esters, FAEEs) and
the ethanol-water competitionmechanism,might potentially
be involved in the oral (periodontal) tissue damage [8, 12, 22–
26]. It is generally known that chronic ethanol consumption
leads to fat accumulation in salivary glands, acinar cell
swelling, and atrophy and to reduction in weight and protein
content of the parotid gland. Chronic drinking also reduces
salivary flow rate, some of salivary proteins and glycoproteins
levels (e.g., amylase), and sodium, bicarbonate, and chlorine
concentrations [12, 27–30]. A diffuse infiltration of salivary
gland stroma by mononuclear inflammatory cells and their
concentration around the salivary ducts were also reported
[31]. Epithelial atrophy was also observed with a decrease in
basal cellular size following chronic ethanol consumption.
As compared to transient oral mucosa damage depending
on the concentration of alcohol in acute alcohol ingestion,
chronically intoxicated mucosa by the alcohol had dysplastic
changes with the keratosis (atrophy with associated hyper-
regeneration) [21, 29]. In chronic cigarette smokers, swollen
secretory cells of the salivary glands and decreased secretion
of total salivary proteinswere described [26, 32, 33]. Acetalde-
hyde from cigarette smoke has been shown to inactivate the
most important antioxidant enzyme in the saliva-peroxidase
[34]. Even in people chewing and snuffing tobacco, decreased
levels of lysozyme and lactoferrin and increased secretion of
immunoglobulin A in the saliva were found [33]. Although
decreased secretion of total salivary proteins was described
in smokers, significantly higher stimulated secretion of the
saliva in smokers is due to the irritating effect of tobacco
smoke on the oral mucosa [35]. In alcoholics who were active
smokers, there were described decreased salivary flow and
output of salivary acquired and innate immune proteins [8,
26, 36, 37].

Salivary enzymes, including exoglycosidases, come from
gland cells, oral microorganisms, PMNs, and macrophages
entering the gingival sulcus, as well as from epithelial cells,
plasma, and dietary constituents. In particular, GCF out-
flow to the oral cavity is an important contributor to the
enzyme pool in the whole saliva [7, 38]. 𝛽-HEX is the most
active of exoglycosidases that degrades tissue glycoconjugates
including gingival tissue glycoconjugates. It was observed
that the activity of 𝛽-HEX, which hydrolyses glycosidic link-
ages, decreased as a result of periodontitis treatment [4, 6].
Therefore, 𝛽-HEX was suggested as a possible periodontitis
marker. Another exoglycosidase, 𝛽-glucuronidase, that is a
widely accepted periodontitis marker has a total predictive
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value that ranged from 83% to 88%, with sensitivity ranged
from 65% to 77% and specificity ranged from 85% to 89% [7].

Our study showed the significant increase in the salivary
index of 𝛽-HEX A% and decrease in 𝛽-HEX B% in smoking
alcoholics, as compared to the control group. As the activity
of 𝛽-HEX A in body fluids is an inflammatory mediator,
secreted into extracellular space by the inflammatory cells
such as mast cells, basophils, macrophages, eosinophils, and
neutrophils [29, 39, 40], increased 𝛽-HEX A% (𝛽-HEX
A/total 𝛽-HEX ratio) in our study seems to be due to
the gingivitis. We found significant correlations between
𝛽-HEX A% and GI. It is consistent with other studies in
which the salivary 𝛽-HEX activities correlated with the
degree of periodontal inflammation anddecreased alongwith
periodontal healing after treatment [4–6]. Increased 𝛽-HEX
A% ratio may also be due to the inflammatory state of the
whole mucosa of the oral cavity and/or salivary glands and
their subsequent hyperregeneration. A diffuse infiltration of
the salivary gland stroma bymononuclear inflammatory cells
and their concentration around the salivary ducts were earlier
reported [31]. The periodontal inflammatory etiology of the
high 𝛽-HEX A% levels seems also to be confirmed by the
significantly worse periodontal state in smoking alcoholics,
reflected not only by higher periodontal inflammatory index,
GI but also by higher papilla bleeding index, PBI, than in
controls (Table 1).

The increased ratio of 𝛽-HEX A% may also be due to
the decrease in the salivary flow (SF) in alcoholics, as we
found significant inverse correlations between SF and 𝛽-
HEX A%. Salivary flow (SF) was significantly lower than
that in the control group, which confirms the literature
data of chronic alcohol studies [27, 41]. Mostly, morpho-
logical changes of the salivary glands are considered to be
involved in the SF reduction in people addicted to alcohol;
other mechanisms involve risen liquidity of cell membranes,
decreased secretory cell function, severe stress of the absti-
nence syndrome with accompanying sympathetic system
arousal, hypercortisolemia, fluid diet and reduced chew-
ing stimulation, decreased amount of muscarinic receptors,
or deregulated secretion in the paracrine transmitters and
gastrointestinal hormones, for example, cholecystokinin,
somatostatin, and PP peptide [12, 26]. A higher secretion of
stimulated saliva in smokers is known [12, 35]; hence, the SF
reduction in alcohol-dependent smokers in our study seems
to be rather the result of alcohol consumption than smoking.

Increased ratio of 𝛽-HEX A/total 𝛽-HEX (𝛽-HEX A%)
indicates the increase in the 𝛽-HEX A isoenzyme activity, as
shown in earlier study [12]. The increased 𝛽-HEX activity in
the body fluids including saliva may occur in smoking alco-
holics via many mechanisms, for example, increased lysoso-
malmembrane permeability, delayed removal of the enzymes
from the fluid, impaired trafficking of lysosomal hydrolases
to organelles, enhanced synthesis of the enzyme by activated
leucocytes, or leakage from damaged cells [12, 24, 25, 39].
Therefore, during periodontitis, the lysosomal and cellular
membranes may be damaged, and proteases, together with
glycosidases (including𝛽-HEX),may be translocated into the
cytosol fraction, the intercellular space, and to the body fluids
(e.g., to the saliva) [6, 42, 43].

Very high salivary levels of acetaldehyde derived from
ethanol (10–100 times higher than in the blood) and cigarettes
may be the reason of the lack of correlation of drink-
ing or smoking with 𝛽-HEX B% or 𝛽-HEX A%. Besides
acetaldehyde, many other toxic substances such as nicotine,
nitrosamines, carbon monoxide, and other aldehydes, [12,
22, 23] in saliva of smoking alcohol-dependent persons may
potentially be the reason of decreased ratio of 𝛽-HEX B% due
to 𝛽-HEX B inactivation. Although 𝛽-HEX A is a generally
more labile isoenzyme than 𝛽-HEX B for high temperature,
𝛽-HEX Bmay be potentiallymore sensitive to highly concen-
trated acetaldehyde or other toxic compounds of the cigarette
smoke. However, high correlation between GI and amount of
smoked cigarettes per day may point to smoking as the main
inductor of the bad gingival (periodontal) state.

The high value of the area under the curve (AUC) for
𝛽-HEX A% index (0.937) in AS group, excellent sensitivity
(96%) and specificity (91%) of 𝛽-HEXA%, and its correlation
with GI point to the high value of 𝛽-HEX A% as an excellent
periodontitis marker. Since a spectrophotometric method
gives the same results as an immunoassay method to distin-
guish the activities of the𝛽-HEX isoenzymes [17], the salivary
𝛽-HEXA%determinationmay be a cheap and usefulmethod
for the detection of periodontitis in smoking alcoholics.
Beta-HEX A% index may be even a possible marker of
periodontitis in a vast majority of the population, as we
found correlations between 𝛽-HEX A% and GI in smoking
alcoholics together with controls. Although there are some
limitations for our study, such as a lack of equal female-
male representation in C and AS groups and no group of
periodontitis patients without history of alcohol and nicotine
dependence, our study clearly shows that the salivary 𝛽-HEX
A% that correlates with gingival index has an excellent sensi-
tivity and specificity. However, further studies need to check
if there are similar high sensitivity and specificity of 𝛽-HEX
A% as a periodontitis marker in patients suffering from clear
periodontitis (without substance dependence syndrome) and
other pathological conditions.

As we noticed a tendency to the worse dental state
(reflected by lower DMFT index) and significantly worse
periodontal state (reflected by high GI and PBI indexes)
(Table 1) in smoking alcoholics than in the controls, accord-
ing to earlier studies, we confirmed the association between
alcohol and nicotine addiction and poor dental state, peri-
odontal state, and oral hygiene [12–15]. We also confirmed
an earlier study [16] stating that cigarette smoking is a strong
modifiable risk factor for periodontal disease. As we found a
correlation of DMFT index and age, we confirmed data from
the literature that the tooth loss is associated with increasing
age [44]. It is also known that bad periodontal state worsens
dental state [3], which we confirmed by a correlation of
PBI and GI with DMFT index. Therefore, denture wearing
seems to be a natural consequence of bad periodontal and
subsequently bad dental states. We found high significant
correlations between the time period of denture wearing and
GI, PBI, and DMFT indexes. However, wearing of dentures
is also a known major risk factor of periodontitis and caries,
due to the poor oral hygiene, increased plaque and calculus
accumulation, and transmission of excessive forces to the
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periodontal structures from occlusal surfaces of the frame-
work of dentures [45, 46].

In conclusion, the increased salivary 𝛽-HEX A% index
may be a possible excellent marker of the periodontitis.
Smoking alcohol-dependent persons have worse periodontal
state than controls, mostly due to the smoking-induced
inflammatory state of the periodontium, as reflected by the
high salivary 𝛽-HEX A% index.
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“Glycoconjugates in the detection of alcohol abuse,”Biochemical
Society Transactions, vol. 39, no. 1, pp. 365–369, 2011.

[25] N. Waszkiewicz, S. D. Szajda, A. Zalewska et al., “Alcohol
abuse and glycoconjugate metabolism,” Folia Histochemica et
Cytobiologica, vol. 50, no. 1, pp. 1–11, 2012.

[26] N. Waszkiewicz, A. Zalewska, S. D. Szajda et al., “The effect of
chronic alcohol intoxication and smoking on the activity of oral
peroxidase,” Folia Histochemica et Cytobiologica, vol. 50, no. 3,
pp. 450–455, 2012.

[27] S. K. Dutta,M.Orestes, S. Vengulekur, and P. Kwo, “Ethanol and
human saliva: effect of chronic alcoholism on flow rate, compo-
sition, and epidermal growth factor,” The American Journal of
Gastroenterology, vol. 87, no. 3, pp. 350–354, 1992.

[28] B. L. Slomiany, J. Piotrowski, and A. Slomiany, “Chronic alcohol
ingestion enhances tumor necrosis factor-𝛼 expression and
salivary gland apoptosis,” Alcoholism, vol. 21, no. 8, pp. 1530–
1533, 1997.

[29] F. Riedel, U. Goessler, and K. Hörmann, “Alcohol-related dis-
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