
Introduction
Presently, about 1.25 billion people are known to be

smokers, worldwide and approximately 5 million deaths are
attributed to smoking each year.1 It has been reported that
cigarette smoke (CS) contains over 4000 different chemicals
which influence various organs both locally and systemically.2
One the body systems that is affected by smoking is the
immune system.3 The principle function of the immune
system is defence against infections and killing of tumour
cells.4 It has been reported that cigarette smoking influences
both cell mediated and antibody mediated immune responses.3
Accordingly, cigarette smoking was considered as a risk factor
for cancers and bacterial-and viral infections.5,6 Although,
there is convincing evidence that the CS-contained
carcinogens have a direct role in tumorigenesis6 and other
mechanisms such as CS-induced immunosuppression may
also contribute to increased cancer risk in smokers.

However, it should be noted that there is never a direct
exposure between CS and the oral mucosa. Saliva, washes the
oral cavity to the larynx and therefore, CS must first interact
with saliva before it reaches to the mucosa. Recently, it has
been reported that the interaction between CS and saliva may
be harmful (instead of protection) and results in the rapid
destruction of salivary biological macromolecules, such as
enzymes and other proteins.7 In vitro studies have also
demonstrated that the saliva has lethal effects on human
lymphocytes in the presence of cigarette smoke.8,9 Moreover,

a genotoxic activity has been observed in the smokers salivary
samples.10

The results of some studies in active smokers or
subjects passively exposed to CS, have shown significant
alteration in the cellular and humoral immune parameters.3,11
In addition to direct CS-induced immunosuppression, indirect
mechanisms may also contribute to immune system disorders.
This study conducted for the first time to investigate the
effects of CS-exposed stimulatory saliva and CS-exposed non
stimulatory saliva on cellular and humoral immune responses
in an animal model is to clarify any association.

Materials and Methods
Totally ten healthy non-smoking volunteers (5 males

and 5 females, age range 21-27 years) were enrolled in the
study. All participants were basically healthy. Subjects with
medical history of recurrent infections, acute diseases, history
of asthma, allergy, atopic diseases, any suspected
immunological disorder and chronic illnesses were excluded
from this study. Informed consent was obtained from the
participant before enrollment. Moreover, this study was
evaluated and approved by the Research Committee of
Rafsanjan University of Medical Sciences.

Non-stimulatory and stimulatory saliva were collected
from all participants. All saliva samples were collected in the
morning between 10 a.m. and 11 a.m to reduce possible
circadian interference. Before collecting the saliva, the
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subjects had no eating or drinking for at least 1 hour. For un-
stimulated saliva collection, subjects were asked to generate
saliva in their mouths and to spit into a wide test-tube for 10
minutes. Following collection under resting conditions, a
stimulated collection of saliva was performed, for which a 2%
citric acid solution was applied to the tongue dorsum
bilaterally at 30 seconds intervals. The saliva samples were
placed on ice and then centrifuged for 15 min at 10,000 gm to
remove squamous cells and debris. The resulting supernatant
was used for the analysis. It should be noted that we used the
combined non-stimulatory and combined stimulatory saliva of
subjects for investigation. 

The cigarettes used in this study were commercial
Winston cigarettes containing 16 mg of tar and 1.1 mg of
nicotine (Camel, Winston-Salem, USA). The in vitro exposure
of saliva samples to CS has been done according to a method
as previously described12 with some modifications. Saliva
samples (20 ml of stimulatory saliva or non-stimulatory
saliva) were placed in 24-well microplate as 1 ml/well. A
Winston cigarette, in which the filter tip was removed, was
attached to a vacuum system to draw gasphase cigarette
smoke inside sealed 300cm3 flask that the microplate was held
in it. After the cigarette smoke was employed, the flasks were
incubated for 20 or 80 minutes at 37°C. 

Eight weeks male Balb/c mice were purchased from
Pasteur Institute, Tehran, Iran. They were given sterilized
water and autoclaved standard mouse chow throughout the
study. In order to assess the effect CS-exposed saliva on the
immunological parameters, mice were divided into 7 groups
including control (not exposed to saliva), only stimulatory
saliva, only non-stimulatory saliva, 20 minutes CS-exposed
stimulatory saliva, 20 minutes CS-exposed non-stimulatory
saliva, 80 minutes CS-exposed stimulatory saliva and 80
minutes CS-exposed non-stimulatory saliva.  Each groups of
animal consisted of 5-7 mice. 

Sheep red blood cells (SRBC) were obtained from the
Pasteur Institute, Tehran, Iran and preserved in sterile
Alsevers' solution. After 3 times washing, the necessary
suspension was prepared for priming the animals. 

DTH responses was evaluated by priming the mice
with 1×108 SRBC injected subcutaneously in the back on day
0. The sensitized animals were challenged with 1×108 SRBC
injected subcutaneous on the left hind footpad on day 5. Foot
thickness was measured 24 hours later with a Mauser dial
caliper and the results expressed as percent of increased foot
thickness.13,14 0.2 ml/day of CS-exposed saliva samples
(stimulatory or non-stimulatory saliva samples that exposed to
CS for 20 min or 80 min) were injected intraperitoneally (i.p.)
to each mouse at days 0 to 5. 

The antibody responses were assessed by priming
mice with 1×109 SRBC injected i.p at day 0. The mice were

then bled by intracardiac puncture on day 5 and the antibody
responses were assessed. Two fold dilutions of the sera were
made in phosphate buffered saline with a total volume of 0.2
ml. Then 0.2 ml volumes of 3% v/v washed SRBC were added
to 96 well Nunc microtitre plate. Plates were then incubated at
37°C for one hour and observed for haemagglutination under
an inverted microscope. Results were expressed as Log2
titer.13,14 0.2 ml/day of CS-exposed saliva samples
(stimulatory or non-stimulatory saliva samples that exposed to
CS for 20 min or 80 min) were injected i.p to each mouse at
days 0 to 5.  

The total cell counts were made by haemacytometer
(T-890, Culter USA). Gimsa-stained blood slides were used
for differential counts.

Differences in variables were analyzed using t-test,
ANOVA, Mann-Whitney U and Kruskal-Wallis tests as
appropriate and P values of less than 0.05 were considered
significant. All data were analyzed by a computer programme
(SPSS, Chicago, IL, USA).

Results
As demonstrated in Figure-1, the mean of DTH

responses in animal groups received 20 minutes CS-exposed

stimulatory saliva group or 20 minutes CS-exposed non
stimulatory saliva group were significantly lower than that
observed in control group (P<0.0001 and P<0.001,
respectively). Similarly, the mean of DTH responses in animal
groups administrated 80 minutes CS-exposed stimulatory
saliva group or  80 minutes CS-exposed non stimulatory saliva
group were significantly lower as compared to control group
(P<0.00001). No significant differences were observed
between the DTH responses of both unexposed-stimulatory
saliva group or unexposed-non stimulatory saliva group in
comparison to control group. 

The mean titer of anti-SRBC antibody were
significantly lower in animal groups that received 80 minutes
CS-exposed stimulatory saliva or 80 minutes CS-exposed
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Figure-1: The effects of CS exposed-saliva on the DTH response.



non-stimulatory saliva as compared to control group (P<0.04
and P<0.002, respectively). The differences of the mean titer
of anti-SRBC antibody of animal groups that received 20 min
CS exposed-stimulatory saliva or 20 minutes CS-exposed
non-stimulatory saliva were not significant from that observed
in control group. No significant differences were observed
between only stimulatory saliva group or only non-
stimulatory saliva group and control group regarding the
means titer of anti-SRBC antibody (Figure-2). 

The differences of the mean counts of WBC in animal
groups received 20 minutes CS-exposed salivary samples or
80 minutes CS-exposed salivary samples was not significant
from that observed in control group, although this parameter
was lower in animal groups that received CS-exposed saliva
samples. No significant differences were also found between
only stimulatory saliva group or only non-stimulatory saliva
group and control group regarding the mean counts of WBC.  

The mean counts of blood lymphocytes in animal groups
received 20 minutes CS exposed-saliva samples or 80 minutes
CS exposed non-stimulatory saliva sample were lower than that
observed in control group but the differences were not
statistically significant.  However, the mean counts of blood
lymphocytes in 80 minutes CS exposed-stimulatory saliva group
(2346 ± 339 cells/mm3) was significantly lower as compared to
control group (5038 ± 999 cells/mm3, P<0.05). No significant
differences were also found between only stimulatory saliva
group or only non-stimulatory saliva group and control group
regarding the mean counts of blood lymphocytes.

The mean serum concentration of TGF-β in animal
groups received 80 minutes CS-exposed non stimulatory saliva
group (128 Pg/ml ± 50.25) was significantly lower than that
observed in control group (294.12 Pg/ml ± 49.6; P<0.05). No
significant differences was also observed between the mean
serum concentrations of TGF-β in animal groups received 80
minutes exposed-stimulatory saliva (276.72 Pg/ml ± 52.3), 20
minutes exposed-stimulatory saliva (291.02 Pg/ml± 27.84) or

20 minutes exposed-non stimulatory saliva (301.92 Pg/ml ±
22.8) as compared to control group. The mean serum
concentrations of TGF-β was similarly expressed in only
stimulatory saliva group (233.7 Pg/ml ± 56.37) or only non-
stimulatory saliva group (238.8 Pg/ml ± 32.6) in comparison to
control group.  

Discussion
Saliva is armed with various protective mechanisms

such as various enzymes, immunological parameters and
antioxidant factors that neutralize dangerous substance and
therefore provides a protective partition between harmful
agents and the mucosal lining of the mouth.15 It has been
reported that some components of CS such as unsaturated and
saturated aldehydes could interact with thiol-rich substance of
saliva, resulting in structural and functional modification of
these molecules.16

The results of the present study in an animal model
showed that CS-exposed saliva suppresses both cellular and
humoral immune responses. These observations are consistent
with some immunological disorders reported in cigarette
smokers.3 It has been demonstrated that smoking reduces
serum levels of immunoglobulins including IgG, IgA and
IgM.17 The suppressive effects of smoking on cell mediated
immune responses have been also reported.3 It should be
noted that the specific immunological functions is mediated
by T and B lymphocytes.18 The results of some studies have
demonstrated that number of T cell subgroups and the
CD4+/CD8+ cells ratio is lower in smokers.19 CS-induced
damage to lymphocytes has also been described as anergy,
inhibition of some cell functions, genomic deletions and other
DNA injuries such as increasing the number of micronuclei
formation.20,21 The results of the present study represents that
CS may also influence the immune system through indirect
mechanisms such as interaction with saliva components.
Accordingly CS-induced modifications in salivary
components could contribute to CS-related immune disorders.
However, the exact mechanism responsible for the
immunologic abnormalities induction by CS-exposed saliva
remains to be elucidated. 

The results of the present study showed that the counts
of WBC and blood lymphocytes decreased in CS-exposed
saliva groups (especially 80 min CS-exposed stimulatory
saliva group). These observations are consistent with other in-
vitro studies in which the lethal synergistic effects of CS and
saliva on the survival rate of lymphocyte has been reported.8,9
In our previous study, we observed that following 80 minutes
exposure of human lymphocytes to CS in the presence of
medium supplemented with 30% (v/v) non-stimulatory saliva
or stimulatory saliva, the lymphocytes viability  significantly
decreased to 28.78% and 22.6%,  respectively (data not
published). Accordingly, it seems that the induction of
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Figure-2: The effects of CS exposed saliva on the humoral immune response.



immunosuppression by CS-exposed saliva may be partly due
to CS-exposed saliva induced lymphopenia. Interestingly, the
results of our previous and present studies demonstrated that
the stimulatory saliva was more cytotoxic as compared to non-
stimulatory saliva. One explanation may be that the
concentrations of most antioxidant components such as
peroxidase, superoxide dismutase and uric acid are lower in
stimulatory saliva compared to non-stimulatory saliva which
demonstrated by Nagler et al.22 Accordingly, the injurious
agents cannot be neutralized by stimulatory saliva and are
more cytotoxic. Moreover, it has been shown that human
stimulatory saliva contains much higher concentration of iron
in comparison to non-stimulatory saliva.22 The higher
concentrations of iron in stimulatory saliva could help to
explain some of its higher cytotoxicity compared to non-
stimulatory saliva. It has been shown that the redox active
metals such as iron, in the presence of H2O2 could participate
in the Haber-Weiss and Fenton reactions in which harmful
reactive hydroxyl free radicals are produced.8 Accordingly it
seems that metals may be responsible for the CS-exposed
saliva cytotoxicity. Moreover, it has been reported that the
addition of potent iron chelator to the saliva prior to exposing
the cells to CS, prevented some cellular damages at late
phase.23 It has been proposed that an earlier aldehyde attack
paves the way for the later metal-related pathways of attack.
However, higher toxicity of stimulatory saliva has been
attributed to its higher concentrations of iron in comparison to
non-stimulatory saliva.22

Both types of saliva were found to have no significant
influence on the immunological parameters, alone, if there
was no CS exposure. This is not surprising, because saliva is
considered as a protective medium against harmful agents
such as bacterial, viral, carcinogenic and oxidative
substance.15,22

The results of this study also showed that the mean
serum concentration of TGF-β of 80 minutes CS exposed-non
stimulatory saliva group was significantly lower that that
observed in control group. TGF-β produces by a subset of T
cells namely regulatory T cells (Treg) that suppress the
immune responses.24 These results represent that the CS-
exposed saliva induced immunosuppression is a Treg-
independent phenomenon. However, the 80 minutes CS-
exposed stimulatory or non stimulatory saliva may
differentially influence the expression of TGF-β. 

In summary, these results showed that the CS-
exposed saliva samples have profound suppressive effects
on both cellular and humoral immune responses in a mouse
animal model. The CS-exposed saliva induced
immunosuppression may be partly due to lymphopenia

rather than activation of Treg cells.  
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