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Introduction
Tobacco dependence is still the leading cause of avoidable mortality 

in the world [1]. The World Health Organization (WHO), estimated 
in 2005 that tobacco use killed 5 million of people at global level, half 
of which in the developing countries. According to forecasts for 2025-
2030, the death toll is expected to rise to 10 million people, including 7 
million in the developing countries [2]. 

Throughout the world, more than one billion of persons smoke 
everyday, i.e. about one quarter of the adults [3]. Tobacco dependence 
prevalence is 74% in male subjects and 11% in female ones [3,4]. 
Whereas tobacco dependence is on the decline in the developed 
countries, it keeps on increasing in the developing countries [5]. 82% of 
the smokers are living in the developing countries [3].

In 2009, a survey conducted by the Ministry of Health of Benin 
in cooperation with WHO revealed that prevalence of tobacco 
dependence at national level in youth from 10 to 19 years of age is 9.2%. 
The study on the comprehensive surveillance of tobacco dependence in 
youth from 13 to 15 years (GYTS) performed in 2003 in the Borgou and 
Alibori regions (Republic of Benin) showed a prevalence of 25.8%. In 
Borgou, out of one hundred persons, about eleven smoke tobacco and 
twenty-two consume smokeless tobacco either snuffed or chewed [6].

Tobacco is consumed in two forms: smoking tobacco through 
cigarette, pipe, narghile, cigar and smokeless tobacco consisting of snuff 
tobacco and chewing tobacco [7]. In Benin, tobacco is consumed smoked 
and smokeless for decades. If smoking tobacco is used throughout the 
country, smokeless tobacco (snuffed, chewed) represents the traditional 
consumption mode in vogue in the northern region. Chew is women’s 
privilege and snuff is a habit specific to men.

Alpha-amylase (EC 3.2.1.1) in animals is a major digestive enzyme 
with optimum pH of 6.7-7.0. It is secreted by the salivary gland and 

pancreas, and so present in saliva and serum. Alpha-amylase is a 
calcium-containing metalloenzyme that hydrolyzes the a 1,4 linkages 
of starch to glucose and maltose [8]. Serum alpha-amylase is commonly 
measured in the diagnosis of pancreatic disorders. Salivary alpha-
amylase has been used as a biomarker for stress that does not require a 
blood draw [9]. 

The noxious effects of tobacco dependence on human health are 
known. In fact, tobacco consumption is the cause of cardiovascular 
pathologies, pleuropneumonias and cancers [10]. In addition, tobacco 
consumption modifies several biological parameters, including alpha-
amylase [11]. Previous studies carried on tobacco dependence’s impact 
on the activity of serum and salivary alpha-amylase resulted in divergent 
viewpoints. For Nater et al. [12], smoking tobacco increases the value 
of alpha-amylase activity in serum and saliva. On the contrary, for 
other authors, smoking tobacco does not affect the value of serum and 
salivary alpha-amylase activity [13-15]. Nevertheless, investigations 
on the influence of smokeless tobacco consumption on alpha-amylase 
activity are very few. The research works done by Reddy et al. [16] found 
out an increase in salivary alpha-amylase activity in tobacco chewers. 

Except these few works carried out all over the globe on the effect of 
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Abstract
Introduction: Tobacco consumption alters many biological parameters, as well as α-amylase activity. This research 

work aims to study the activity of serum and salivary alpha-amylase in habitual adult tobacco consumers.

Methods: We carried out a cross-sectional descriptive and analytical study on 234 adults (54 smokers, 60 snuffers, 
60 chewers and 60 tobacco non-consumers). Serum and salivary alpha-amylase was measured using kinetic enzymatic 
method. ANOVA, and Kruskal-Wallis test were used to compare averages according to cases. Linear regression enabled 
to establish relationships between duration of consumption, quantity of tobacco consumption, as well as serum and 
salivary α-amylase activity.

Results and conclusion: The mean activity of serum (UI/L) and salivary (104 UI/L) alpha-amylase was respectively 
110.53 ± 73.35 and 17.34 ± 17 for smokers, 109.69 ± 58.20 and 9.90 ± 9.44 for snuffers, 92.63 ± 48.84 and 5.61 ± 5.38 
for chewers and 120.14 ± 71.99 and 8.73 ± 6.14 for tobacco non-consumers. A significant difference was observed 
as regards salivary alpha-amylase between smokers and chewers (p<0.001), and between snuffers and chewers 
(p=0.002). The mean activity of serum and salivary alpha-amylase was substantially higher in tobacco non-consumers 
than in chewers (p=0.01 and 0.02, respectively). Correlation was lower and significant in chewers between mean 
activity, salivary alpha-amylase and duration of tobacco consumption (r=0.35; inclination p=0.006). Serum and salivary 
alpha-amylase activity varies according to tobacco consumption mode. Subsequent studies are required to specify the 
mechanisms put at stake. 
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smoking and chewed tobacco on serum alpha-amylase activity, which 
are still arousing controversies, there are no studies on the impact of 
snuff tobacco on alpha-amylase activity. To the best of our knowledge, 
in Benin, except epidemiological and clinical studies on tobacco 
dependence [17,18], there are no studies on the impact of tobacco 
dependence on biological parameters in general, and on alpha-amylase 
activity in particular.

Our study aimed to: i) determine the activity of serum and salivary 
alpha-amylase in habitual adult tobacco consumers, ii) compare 
these activities between tobacco consumer populations, iii) compare 
these activities of tobacco consumers, with the ones of tobacco non-
consumers, iv) investigate the relationship between serum and salivary 
alpha-amylase activity and duration of tobacco consumption, on the 
one hand, and quantity of daily tobacco consumption on the other 
hand. 

Materials and Methods
Ethics

The institutional ethics committee approved this study.

Study site

Our study was conducted in the town of Parakou and in the 
village called Kpassa (District of Tchaourou) in the Republic of Benin, 
where the subjects were selected. The medical imaging unit and the 
biochemistry laboratory of Borgou Regional Hospital (CHD-B) were 
the facilities where ultrasound scans and samples handling were done, 
respectively.

Materials

The reagents used in the framework of this study were kits for 
the measurement of serum and salivary alpha-amylase. They were 
AMYLASE SL (ELITechClinical Systems laboratory, Sees, France).

The appliances used consisted of one Sivma centrifuge (MPW, 
Poland), one Microlab 300 spectrophotometer (Vital Scientific, Dieren-
The Netherlands), and one Mindray ultrasound scanner (Digiprincipe 
DP-8800 Plus, Hamburg, Germany).

Methods 

Nature and time period of study: We carried out a cross-sectional 
study with descriptive and analytical purposes, which covered the 
period from 1st June to 31 August, 2012. 

Study population: The subjects of this study were selected among 
the study setting’s population. Before, they gave their well-informed 
consent after the reading and approval of study purposes. 

Sampling 

We did a two-degree randomized survey. The first degree consisted 
in selecting some areas in the town of Parakou on the one hand, and 
households in the village of Kpassa. For this purpose, we proceeded 
to drawing without replacement. The second degree concerned with 
the selection of the subjects who comply with our inclusion criteria. 
Any subject complying with those inclusion criteria, and who is present 
the day of data collection was systematically taken into account. This 
sampling technique enabled us to select 234 subjects distributed as 
follows (Table 1). 

Were included in the study, as tobacco consumers, the adult 
subjects from both sexes, voluntary, aged 18 years old and more, 

habitual tobacco smokers, snuffers or chewers, and who freely agreed 
to participate to the study. As regards tobacco non-consumers, the 
inclusion criteria were: be aged 18 years old at least, not be an active 
or passive tobacco consumer and give one’s free and well-informed 
consent, or with impaired evolution of both glands. 

Definition of concept

Was considered as habitual tobacco consumer, any subject who has 
consumed tobacco once per day, whatever the consumption mode is, 
during at least thirty days.

Data collection

A questionnaire was administered to each selected subject. 
Abdominopelvic (centered on pancreas, ovaries in women, liver and 
spleen) and salivary glands were scanned in each subject to eliminate 
any pathology affecting these organs likely to modify alpha-amylase 
activity. Blood sample was drawn and saliva collected from each 
subject, complying with the inclusion criteria. Different measurements 
were done on these blood and saliva samples. Two saliva and blood 
samples were collected at one month interval in each study subject. 

Collecting biological samples 

The blood samples (4 ml) were taken in the morning through 
superficial venous puncture on dry tubes, in subjects who had been 
on empty stomach for 10 hours. Saliva (5 ml) was also collected in the 
morning, on empty stomach. 

The day before taking samples, we got into touch with the target 
individuals. We first asked them not to eat after 8 p.m. (local hour). 
Then, we explain them the saliva collection conditions before giving 
them small sterile bottles. Finally, we notified them our coming back on 
the next day at 6 a.m. (local hour) to collect blood and saliva samples. 

Processing biological samples collected 

The blood samples collected were centrifuged at 500×g during five 
(5) minutes in order to get serums. The latter will be used the same day 
to determine alpha-amylase activity. Saliva samples collected were also 
centrifuged at 1000×g during five (5) minutes, and supernatant fluid 
was used to determine alpha-amylase activity during a maximum of six 
(6) hours after collection.

Determination of alpha-amylase activity

It was applied to both samples of serum and saliva of each subject 
collected at one month interval. Alpha-amylase activity was determined 
through kinetic enzymatic method, which uses CNP-G3 (2-chloro-4-
nitrophenyl-alpha-maltotriosid) [19] as substrate.

Study variables

The study variables were serum alpha-amylase activity, salivary 
alpha-amylase activity, quantity of tobacco smoked, snuffed or chewed 
daily, duration of tobacco consumption.

Table 1: Distribution of the study’s subjects. 

Smokers Snuffers Chewers Non-consumers
Number 54 60 60 60

Men 54 60 21 27
Women 00 00 39 33

Mean age 
(years) 37. 68 ± 9.65 37.95 ± 9.46 41.26 ± 11.37 38.54 ± 10.08
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Data analysis 

Data were analyzed with Excel and Epi Info 3.5.3 softwares. The 
quantity of daily tobacco consumption was determined by weighing 
one stick of ordinary cigarette, one ordinary snuff and one ordinary 
chew. The value of serum and salivary alpha-amylase activity in each 
subject was obtained by calculating the average of the values of the 
two determinations performed at one month interval. The qualitative 
variables were described using ratios, and quantitative variables were 
described using averages with their standard deviations. ANOVA 
test or Kruskal-Wallis test served to compare averages according to 
case. We used linear regression to investigate statistically significant 
relationships between duration of consumption, quantity of daily 
tobacco consumption and serum and salivary alpha-amylase activity. If 
p<0. 05, it was considered as statistically significant.

Results
Smokers had the highest values of salivary alpha-amylase activity, 

whereas chewers had the lowest values; the difference noted was 
significant (p<0.001) (Table 2). 

There was a significant difference for salivary alpha-amylase 
between smokers and chewers (p<0.001), and between snuffers and 
chewers (p=0.002) (Table 3).

The mean activity of serum alpha-amylase was higher in tobacco 
non-consumers than in consumers, with significant difference between 
chewers and non-consumers (p=0.01). Salivary amylase activity was 

lower in chewers than in non-consumers, with significant difference 
(p=0.02) (Table 4). In smokers, serum alpha-amylase activity rises as 
soon as duration of tobacco consumption becomes more important, 
with a correlation which is however poor and insignificant. The activity 
of serum and salivary alpha-amylase in snuffers declines as soon as 
duration of tobacco consumption becomes more important with, 
however, a poor and insignificant correlation (r=0.055; inclination 
p=0.63). In chewers, serum and salivary alpha-amylase activity rises 
as soon as duration of tobacco consumption becomes more important, 
with, however, a poor and significant correlation for salivary alpha-
amylase (r=0.35; inclination p=0.006) (Table 5).

The activity of serum and salivary alpha-amylase in tobacco 
consumers groups (smokers, chewers and snuffers) increased as soon 
as the quantity of daily tobacco consumption is more important with, 
however, a poor and insignificant correlation (r=0.005; inclination p ≥ 
0.26) (Table 6).

Discussion
We studied the activity of serum and salivary alpha-amylase in 

habitual adult tobacco consumers. However, our research work has 
some limits. Actually, we were not able to perform a case-control study 
due to the difficulty in matching individuals according to age and sex. 
Nevertheless, the representative sample, the sampling mode and the 
statistical methods used allowed us to get results which contribute to 
set up a database.

The mean activity of serum alpha-amylase of tobacco non-

Table 2: Average values (± standard deviation) of salivary and serum alpha-amylase activity of the study population.

Smokers (n=54) Snuffers (n=60) Chewers (n=60) Non- consumers (n=60) p
Salivary α-amylase (x 104UI/L) 17.34 ± 17.00 9.90 ± 9.44 5.61 ± 5.38 8.73 ± 6.14 <0.001
Serum α-amylase (UI/L) 110.53 ± 73.35 109.69 ± 58.20 92.63 ± 48.84 120.15 ± 71.98 0.1

m ± Et: average ± standard deviation
Table 3: Comparison of serum (UI/L) and salivary (104 UI/L) alpha-amylase activity between tobacco consumers groups.

Smokers (n=54) Snuffers (n=60) p Smokers (n=54) Chewers (n=60) p Snuffers (n=60) Chewers (n=60) p
Serum α-amylase (m ± Et) 110.53 ± 73.35 109.69 ± 58.20 0.94 110.53 ± 73.35 92.63 ± 48.84 0.23 109.69 ± 58.20 92.63 ± 48.84 0.08
Salivary α-amylase (m ± Et) 17.34 ± 17 9.90 ± 9.44 0.059 17.34 ± 17 5.61 ± 5.38 <0.001 9.90 ± 9.44 5.61 ± 5.38 0.002

m ± SD: average ± standard deviation
Table 4: Comparison of serum (UI/L) and saliva (104 UI/L) alpha-amylase activity between tobacco consumers and non-consumers.

Smokers (n=54) Non-consumers (n=60) % increase % decline p
Serum α-amylase (m ± SD) 110.53 ± 73.35 120.14 ± 71.99 8.00 0.48
Salivary α-amylase (m ± SD) 17.34 ± 17 8,73 ± 6.14 98.62 0.04

Snuffers (n=60) Non-consumers (n=60)
Serum α-amylase (m ± SD) 109.69 ± 58.20 120.14 ± 71.99 8.70 0.38
Salivary α-amylase (m ± SD) 9.90 ± 9.44 8,73 ± 6.14 13.40 0.98

Chewers (n=60) Non-consumers (n=60)
Serum α-amylase (m ± SD) 92.63 ± 48.84 120.14 ± 71.99 22.90 0.01

Salivary α-amylase (m ± SD) 5.61 ± 5.38 8.73 ± 6.14 38.37 0.02

Legend: Y=Activity of serum and salivary alpha-amylase; x=Duration of tobacco consumption (in year); r2=Correlation coefficient; NS=Insignificant; S=Significant
Table 5: Correlation between serum and salivary alpha-amylase activity and duration of tobacco consumption (in year).

Chewers (n=60) Smokers (n=54) Snuffers (n=60)
Serum α-amylase Salivary α-Amylase Serum α-amylase Salivary α-Amylase Serum α-amylase Salivary α-Amylase

Equation Y 0.5977 x+71.359 1213.1 x+10672 0.7083 x+98.532 -940.95 x+189377 -0.3097 x+114.1 -1553.6 x+121098
r² 0.039 0.1219 0.0082 0.0027 0.003 0.0284
P (of inclination) 0.13 0.006 0.51 0.71 0.67 0.19
Interpretation Poor correlation
Degree of significance NS NS NS NS NS NS
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consumers and smokers in our study is respectively higher and lower 
than the one reported by Onyeson et al. [20] (68.3 ± 11.3 and 131.2 
± 17.0 UI/ L). On the contrary, it is higher than the one reported by 
El Garen et al. [21] (15.42 ± 4.97 UI/L and 22.79 ± 9.15 UI/L). The 
mean activity of salivary alpha-amylase of tobacco non-consumers and 
smokers is much higher than the one noted by Onyeson et al. [20] in 
their research work (133.5 ± 8.6 UI/L and 241.8 ± 23.6 UI/L). These 
differences noted at the level of salivary alpha-amylase activity may 
be caused by several factors that the different studies did not take into 
account. Some of those factors, such as physical exercise and stress, 
activate the sympathetic nervous system [10,22]. Others are known 
for their influence on the other stress systems, e.g. sex, age, sleepiness 
and wake up time [10]. Actually, salivary alpha-amylase activity has an 
increased nyctohemeral rythm with high values in the hour following 
wake up, and keeps on increasing till the evening [10]. In addition, 
stress and increased age elevate salivary alpha-amylase activity [10].

The mean activity of serum and salivary alpha-amylase was higher 
in smokers than in chewers with a significant difference at the level 
of salivary alpha-amylase. This result confirms the one of Girja et al. 
[23], who reported that chewed tobacco substantially reduces salivary 
alpha-amylase activity compared with smoking tobacco. Tobacco 
non-consumers showed a mean activity for serum amylase higher 
than the one of the study carried out by Callegari and Lami [10], and 
the ones conducted by Nasrallah and Martin [24]. On the contrary, 
our result is different from the one reported by Onyeson et al. [20], 
El Garen et al. [21] and Badlin et al. [25] who found out that serum 
alpha-amylase activity was more elevated in smokers than in tobacco 
non-consumers with a statistically significant difference. We noted a 
rate of decline of 8%. On the contrary, Onyeson et al. [20] found out a 
rate of increase of 84.3%. In our investigative study, the mean activity 
of salivary alpha-amylase was lower in tobacco non-consumers than in 
smokers with significant difference. Our result agrees with the one of 
Onyeson et al. [20]. An increase of 98.62% in the salivary alpha-amylase 
activity was noted in smokers compared to non-consumers. There is 
a discrepancy between this observation and previous studies which 
suggest a significant inhibition of salivary alpha-amylase activity after 
smoking a stick of cigarette [26]. In vitro studies showed those 3 hours 
after exposure to cigarette smoke, one observes a significant reduction 
of 33.8% of alpha-amylase activity in saliva [23]. Some research works 
report that unsaturated aldehydes contained in the cigarette smoke 
cause, in conjunction with reactive nitrogen species, the inhibition of 
salivary alpha-amylase by diminishing its activity [11,27,28]. The mean 
activity of salivary alpha-amylase was lower in chewers compared 
with tobacco non-consumers, and a significant difference is noted 
(p=0.02). Reddy et al. [16] made the same remark. They reported 
that salivary alpha-amylase concentrations are lower in tobacco 
chewers; this is probably associated with an increase in salivary flow 
[29]. It is due to the fact that chewing compresses tooth periodontal 
membrane [30], and thus, activates the mechanoreceptors of the 
same membrane [31,32]. The activation of these mechanoreceptors 

induces salivary hypersecretion, which comes with a decline in salivary 
alpha-amylase activity through dilution effect [33]. One or many 
of the following factors had been mentioned by Reddy et al. [16], in 
the increase of salivary flow in tobacco chewers: nicotine or tobacco 
effect on other chew components, hyperplasia of salivary glands or 
chronic hypertrophy of muscles of mastication. On the contrary, for 
Gregory et al. [34], smokeless tobacco consumers experience a decline 
in salivary flow which may be significant. According to Taylor [35], the 
mechanism associated with the decline in salivary flow rate is probably 
due to the harmful effects of nicotine on exocrine glands secretion. 
Nicotine has an initial stimulating effect, followed by an inhibition of 
saliva production. It is evident that nicotine, the major component 
of tobacco, is also responsible for salivary stimulation in chronic 
consumption of chewed tobacco [34]. Nevertheless, chewed tobacco 
may have many other additional factors that influence salivary flow. 
The precise substance which increases salivary flow and the way it is 
induced, are not clearly known. 

Serum alpha-amylase activity increases in smokers as soon as 
duration of tobacco consumption becomes more significant, with 
a correlation, which is however, poor and insignificant (Table 5). 
This result agrees with the one of El Garen et al. [21], who observed 
insignificant poor correlations between serum alpha-amylase activity 
and duration of tobacco consumption (r=-0.159 and inclination p>0.5). 
Onyeson et al. [20] made the same observation. On the contrary, the 
mean activity of salivary alpha-amylase declines as soon as duration 
of tobacco consumption becomes more significant with a correlation, 
which is however, poor and insignificant (Table 5). Our result is similar 
to the one reported by Onyeson et al. [20] who noted that duration 
of tobacco consumption did not significantly influence salivary alpha-
amylase activity. Activity of serum and salivary alpha-amylase in 
chewers rises as soon as duration of tobacco consumption becomes 
more significant; correlation is however poor and significant for salivary 
alpha-amylase (r=0.35; inclination p=0.006). Our result confirms the 
one of El Garen et al. [21] for serum alpha-amylase, whereas the results 
found by Reddy et al. [16] are contrary to the ours as regards salivary 
alpha-amylase (duration of tobacco mastication did not influence 
salivary alpha-amylase activity).

The activity of serum and salivary alpha-amylase increased with the 
quantity of daily tobacco consumption, with a correlation, which is, 
however, poor and insignificant in smokers (Table 6). This outcome 
is identical with the one of Onyeson et al. [20], who reported that the 
quantity of daily tobacco consumption did not significantly influence 
the activity of serum and salivary alpha-amylase. The activity of serum 
and salivary alpha-amylase increased in chewers, as soon as the quantity 
of daily tobacco consumption is more significant, with a correlation 
which is, however, poor and insignificant (Table 6). This finding agrees 
with the one of Reddy et al. [16], who stated that the daily quantity of 
chewed tobacco did not significantly influence salivary alpha-amylase 
activity. The values of salivary alpha-amylase activity collected in 

Legend: Y=Activity of serum and salivary alpha-amylase; x=Quantity of daily tobacco consumption (in gram); r2=Correlation coefficient; NS=Insignificant
Table 6: Correlation between serum and salivary alpha-amylase activity and quantity of daily tobacco consumption (in gram).

Chewers (n=60) Smokers (n=54) Snuffers (n=60)
Serum α-amylase Salivary α-Amylase Serum α-amylase Salivary α-Amylase Serum α-amylase Salivary α-Amylase

Equation Y 1.39 x+83.83 0.04 x+5.08 -0.14 x+111.78 0.012 x+17.23 0.58 x+107.02 -0.26 x+11.08
r² 0.01 0.0009 0.0002 0.00003 0.002 0.015
P (of inclination) 0.40 0.77 0.92 0.94 0.74 0.26
Interpretation Correlation: poor or nil
Degree of significance NS NS NS NS NS NS
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chewers enable us to state the following hypothesis: the more salivary 
alpha-amylase activity declines, the longer duration of chewed tobacco 
consumption is. 

Conclusion
This research work mainly aims to study the activity of serum and 

salivary alpha-amylase in habitual adult tobacco consumers. It has 
resulted in miscellaneous remarks. The activity of serum and salivary 
alpha-amylase is higher in smokers, followed by snuffers and chewers. 
Serum alpha-amylase activity is higher in tobacco non-consumers than 
in consumers. Salivary alpha-amylase activity is lower in chewers than 
in non-consumers. There is a poor and significant correlation between 
mean activity of salivary alpha-amylase and duration of tobacco 
consumption in chewers.

Therefore, the activity of serum and salivary alpha-amylase varies 
according to mode of tobacco consumption. Subsequent studies are 
required for specifying the mechanisms involved or put at stake.
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