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Abstract 
 

The aim of this study was to examine the effects of delivering a lecture to 200 students on 
salivary Immunoglobulin-A (S-IgA), salivary lysozyme (s-lys) and the association of these 
responses with salivary markers of adrenal activation.  

From 26 female professors, a total of eight unstimulated saliva samples were collected on 
two different days, (on a working day with a lecture, and on a working day without a lecture 
- control). They also completed the trait version of the state-trait anxiety inventory (STAI) 
to assess the dispositional anxiety on the control day and the state section of the stai fifteen 
minutes before their lecture and at the same hour on the control day. 

The STAI-State was significantly higher than the one noted the control day. This STAI score 
was negatively correlated with s-lys reported just before the lecture. Lecturing resulted in a 
significant decrease in S-IgA and s-lys concentrations but did not affect the saliva flow rate. 
These changes appeared to be associated with an increase in the concentrations of the stress 
markers, alpha-amylase, CgA and cortisol. The mechanism that leads to modify the activity 
of salivary alpha-amylase, lysozyme and chromogranin-A due to stress is not entirely under-
stood and further investigations are needed to elucidate these mechanisms. 
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Introduction 
 
A number of studies have investigated the effects of stress 
on mental health and cardiovascular diseases and the rela-
tionship between stress and various components of the 
immune system. These studies have shown that chronic 
stress is associated with the suppression of a variety of 
immune parameters [1]. Salivary IgA (S-IgA) is a con-
venient and commonly used indicator of immune status. 
This parameter reportedly indicates the functional status 
of the entire mucosal immune system [2] and is consid-
ered to be an important immunological barrier of mucosal 
surfaces, complexing with luminal antigens and thus im-
peding penetration [3]. Early studies explored the rela-
tionship between S- IgA and long-term psychological 
stress or in individuals particularly prone to stress. Such 
studies consistently revealed stress-related down-
regulation of S- IgA [4], suggesting that prolonged psy-
chological stress can compromise certain aspects of im-
mune function. Paradoxically, acute responses to a psy-
chological challenge include a rise in S-IgA concentra-
tion. This mobilization of S-IgA has been reported in re-

sponse to acute laboratory psychological stress tests in-
cluding mental arithmetic tests [5]. Effects on S-IgA were 
also reported for academic stress, exposure to chronic 
environmental stress and stressful life [6,7,8,9,10]. How-
ever, few studies have examined the s-iga response to 
occupational stress [11].  
 
Another protein important in mucosal defence is ly-
sozyme. It is a low-molecular-weight cationic protein that 
is synthesized in and continuously released from mono-
cytes or macrophages, and widely distributed in human 
tissues and secretions [12]. Salivary lysozyme is primarily 
synthesized by the salivary glands [13].  It is considered 
to belong to a primitive defence system, known as the 
innate immune system. The relation between stress and 
lysozyme is not clear at present, because no significant 
correlation between self perceived stress levels and sali-
vary lysozyme in nurses was detected [14]. On the other 
hand, nurses, who reported a higher level of professional 
stress, showed significantly lower secretion rates of S-IgA 
and lysozyme compared to controls [13]. More recently, 
S-IgA and lysozyme were found to be inversely associ-
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ated with self-perceived occupational stress among the 
workers studied [15]. Perera, Uddin, and Hayes [16] re-
ported decreased salivary lysozyme after academic ex-
aminations in 39 students and suggested that this marker 
could be a promising marker of the effect of stress on 
non-specific immunity.  
 
Activation of the hypothalamo-pituitary-adrenal (HPA) 
axis and of the sympathetic-adrenomedullary (SAM) sys-
tem are major components of the stress. The activities of 
the hpa axis and sam system can be biochemically evalu-
ated by measuring catecholaminrs and cortisol, respec-
tively. It should be noted that cortisol has been shown to 
inhibit transepithelial transport of S-IgA [17]. Direct 
measurements of salivary adrenaline and noradrenaline 
seem not to reflect sam activity [18]. Salivary alpha-
amylase (sAA) concentrations have been suggested as an 
indirect marker for sam activity under a variety of stress-
ful conditions [19,20,21]. Alpha-amylase is produced by 
the serous acinar cells of the parotid and submandibular 
glands. It is one of the principal salivary proteins appear-
ing as a number of isoenzymes. Amylase accounts for 10-
20% of the total salivary gland-produced protein content 
and is mostly synthesized by the parotid gland.  
 
Nakane, Asami , Yamada , Harada , Matsui , and Kanno 
[22] demonstrated that salivary chromogranin A (CgA) 
can be a quantitative index for monitoring the activity of 
the sympathetic nervous system too. CgA is a soluble 
protein that is stored and co-released by exocytosis along 
with catecholamines from the adrenal medulla and sym-
pathetic nerve endings. Dimsdale, O’Connor, Ziegler and 
Mills [23] reported that the plasma CgA level correlates 
with the noradrenaline release rate. This result indicates 
that the plasma CgA level may be an index of the activity 
of the sympathetic/adrenomedullary system. Salivary 
CgA was shown to be produced by the human subman-
dibular gland and secreted into saliva [24], and is consid-
ered to be a sensitive and reliable index for evaluating 
psychological stress. Yanaihara et al. [25] found that sali-
vary CgA is a sensitive marker of the initial psychological 
phase of the stress response. Further, a rapid and sensitive 
elevation of salivary cga has been reported in response to 
psychosomatic stressors such as public speaking and driv-
ing a car [22,26].  
 
All theses salivary biomarkers have made it possible to 
investigate the effect of stresses. Usually, academic stress 
research focuses on the effects of academic challenges 
(oral presentations, examinations) by students. There is an 
inconsistency in reports on the impact of teaching in aca-
demic staff.  Moreover, studies related to teaching-related 
stress have mostly been conducted using subjective ques-
tionnaire or interview methods [27,28]. Therefore, the 
aim of the present study was to investigate the S-Iga and 
s-lys concentrations and to assess the responses of non-

invasive salivary markers of adrenal activation in profes-
sors when they were lecturing to 200 students.  
 
Methods 
 
Participants 
 
Twenty six female professors from two universities (age: 
37.2 ± 3.0 years; height: 169.2 ± 3.5 cm; weight 59.2 ± 
4.0 kg; year of experience: 14.6 ± 1.9 years) volunteered 
to participate in this study. All study participants were 
healthy and free of cardiovascular diseases as assessed by 
their medical history. The answers of the questionnaire 
administered prior to the experiment indicated that no 
subjects had a physical or mental illness, were pregnant or 
taking corticosteroids or oral contraceptives.  
 
Participants received the saliva sampling materials along 
with both spoken and written instructions. Prior to data 
collection, according to the declaration of helsinki. The 
purpose of this study was explained thoroughly to each 
subject and informed consent was obtained from each 
individual. 
 
Procedure 
 
The study was carried out over two periods: 
 

• On the day of  the lecture (teaching day) 
• On a working day without a lecture (control day).  

As salivary cortisol, IgA, CgA or alpha-amylase activity 
showed a circadian rhythm 29, 30, 31, the experiment was 
performed between 10.00 a.m. and 12.30 p.m. 
 
Hormonal assay 
 
A written protocol on how to collect the saliva was given 
to the teachers. In addition, they were briefed on the col-
lection method. Saliva samples were collected using the 
salivette system (Sarstedt Co, Nümbrecht, Germany) and 
cotton was placed under the tongue for 4 min in each sub-
ject. Samples were taken at 10.00 a.m. (S1), 12.00 a.m. 
(S2), and 12.30 p.m. (S3) and at 8.00 p.m. (S4) on the con-
trol day.  
 
On the day of lecturing, saliva samples were also taken 
just before the lecture (10 a.m. S5), just after the lecture 
(12 a.m. S6), 30 min after the lecture (12.30 p.m. S7), and 
at 8 p.m (S8). 
 
To avoid contamination of saliva with blood, participants 
were instructed not to brush their teeth before the morning 
saliva samples. Additionally, smoking, eating, and drink-
ing beverages containing alcohol, caffeine, or fruit juices 
were not allowed for 60 min before sampling.  The sub-
jects were told not to undergo excessive physical activity 
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for the 48h prior to the experiment and to refrain from any 
sporting activities at all 24h before the study. Besides 
these restrictions, participants were free to follow their 
normal daily routines on the sampling days. 
 
Saliva samples were stored at -45°c until biochemical 
analysis.  Tubes were centrifuged for 10 min at 3000 rpm 
to obtain clear saliva. Saliva volume was estimated by 
weighing to the nearest milligram and the saliva density 
was assumed to be 1.0 g.ml-1 [32]. Saliva flow rate 
(ml.min-1) was determined by dividing the volume of sa-
liva by the collection time. The flow rate of saliva of valid 
samples should not be < 0.1 ml.min-1. Under basal condi-
tions, the rate of saliva production is 0.5 ml.min-1 [33]. 
The concentration of S-IgA (mg.l-1) was determined by an 
enzyme-linked immunosorbant assay (elisa) method as 
previously described by Li and Glesson [34]. Salivary 
CgA, cortisol, and alpha-amylase were assayed using kits 
(YK070 Human CgA EIA kit; Yanaihara Institute, Shizu-
oka, Japan; cortisol EIA kit and alpha-amylase assay kit; 
Salimetrics inc., State College, PA, USA, respectively). 
Intraassay maximal coefficients of variation were 8.15% 
for CgA, 6.7% for alpha-amylase, and 3.65% for cortisol. 
Interassay maximal coefficients of variation were 12.42% 
for CgA, 5.8% for alpha-amylase, and 6.41% for cortisol. 
Alpha-amylase activity was expressed as international 
units/ml of saliva (u.ml-1). Chromogranin A and cortisol 
concentrations were expressed as nmol.l-1. The salivary 
lysozyme concentration was assayed using human EIA kit 
(biomedical technologies inc, stoughton, usa). Intraassay 
maximal coefficient of variation was 5.3%; interassay 
maximal coefficient of variation was 7%. Lysozyme ac-
tivity was expressed as ng.ml-1. 
 
Psychometric assessment 
 
The state-trait anxiety inventory (STAI) was used to ass-
ess personal anxiety [35]. The test consisted of two sepa  
 
 
 
 
 
 

rate, self-reported scales for measuring the distinct conce- 
epts of state and trait anxiety. The STAI is one of the 
most commonly used scales to measure anxiety, and the  
trait anxiety reflects a predisposition to anxiety as deter-
mined by the personality pattern [36]. We used the Y-
version of STAI translation in French [37]. After infor-
med consent was obtained, each subject completed the 
trait section of the stai on the control day, and the trait 
anxiety score was calculated. Fifteen minutes before their  
lecture, the teachers completed the state section of the 
STAI, and the state section score was calculated. Each 
scale consists of 20 items. The teachers also completed 
the state section the control day at the same hour that the 
teaching day (9.45 a.m.). 
 
Statistical analysis 
 
Data analysis was performed using spss 16.0. Data are 
presented as means ± standard deviation (SD). A two-way 
repeated measures anova was used to compare the control 
and lecture data at 4 times [2 (day) x 4 (hour of sample)].  
 
We used post-hoc bonferroni test. To correct for spheric-
ity, greenhouse-geisser procedure was applied. Paired-
sample tests were used to compare the data of the state 
section of the stai. Pearson product-moment correlations 
were used to test the relationships between anxiety com-
ponents and biological parameters, and the relationships 
between biological parameters. An alpha-level of 5% was 
used in all the analyses. 
 
Results 
 
Psychological parameters 
 
The STAI-trait was 38.5 ± 0.4. The STAI -state evaluated 
on the day of lecturing was 41.26 ± 1.6. This STAI-state 
was significantly higher than the one noted the control 
day (33.1 ± 1.8) (p < .01). 

 
 
 
 
 
 
 
 

Figure 1: S-IgA concentrations (mg.l-1) measured on the day of lecturing and on the 
working day without lecture (n = 26) (means ± SD). * P < .05; control day vs day of 
lecturing. $  P < .05: post vs pre-lecture 
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Figure 2: S-lysozyme concentrations (mg.l-1) measured on the day of lecturing and on 
working day without lecture (n = 26) (means ± SD). * P < .05: control day vs lecturing 
day. P < .05: post vs pre-lecture ; 30 min post vs post lecture. 
 

 
 
 
 
 
 
 
 
 
 

Figure 3: Cortisol concentrations (nmol.l-1) on the lecturing day and on the working 
day without lecture (n = 26) (means ± SD). *** P < .001: control day vs day of lec-
turing; $$$ P < .001: post vs pre-lecture; $ P < .05: 30 min post vs post lecture. 

 
Salivary parameters 
 
Salivary flow rates did not change significantly over time, 
neither on the day of lecturing nor during the control day 
and there was no differences between the two days (0.53 
± 1.7 and 0.54 ± 0.5 ml.min-1, respectively). 
 
Salivary lysozyme 
 
There was a main effect of sampling time [(F(3,75) = 
7.49; P = 0.01)] where s-lys decreased after the lecture 
(S6) returning to within pre-lecture levels by 30 minutes 
(Figure 2).  
 
We also noted a significant interaction effect for day and 
sampling [(F(3, 75) = 5.6; P = 0.002)] with lower s-lys 
concentrations at S2 during the lecturing as compared to 
the  day of lecturing. 
 
Stress markers 
 
The mean cortisol concentrations during the resting day 
were in the standards of those found in the literature and  

presents a pronounced diurnal rhythm in accordance with 
the results of Fiet, Guechot, Gourmel, Villette and Cath-
elineau  [30] (Figure 3).  
 
A significant main effect for day [(F(1,25) = 40.4; P < 
0.01)] was noted. A significant main effect for sampling 
time [(F(1,75) = 22.6; P = 0.03)] was also noted where 
cortisol concentrations increased after the lecture (S6). 
Cortisol concentrations noted 30 minutes after the lecture 
(S7) were higher than those noted just before the lecture.  
There was a significant interaction effect for day and 
sampling [(F(2,75) = 32.1; P = 0.03)]. Cortisol concentra-
tions measured on the day of lecturing were significantly 
higher than the control values except in the evening. 
 
Stastically analysis revealed a significant main effect for 
day [(F(1,22) = 35.4; P = 0.01) and a main effect for sam-
pling time [(F(3,66) = 15.23; P < 0.001)] where alpha-
amylase activity increased after the lecture (S6) returning 
to within pre-lecture levels by 30 minutes (Figure 4). We 
also noted a significant interaction effect for day and 
sampling [(F(3, 66) = 21.7; P = 0.02)] with lower alpha-
amylase activity at S2 during the control day as compared 
to the day of lecturing. 
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Figure 4: Alpha-amylase activity (u.ml-1) measured on the day of lecturing and on working day 
without lecture (n = 26) (means ± SD).** P < .01: control day vs lecturing day; $$$ P < .001: 

post vs pre-lecture; 30 min post vs post lecture. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 5: CgA concentrations (pmol.l-1) on the day of lecturing and on working day without lecture (n = 26) (means ± 
SD). * P < .05: control day vs day of lecturing; $ P < .05:  (significance differences within the day) 
 
CgA concentrations during the resting day showed a diur-
nal rhythm in accordance with the results of Den, Toda, 
Nagasawa, Kitamura, Morimoto [29] (Figure 5). Stastical 
analysis revealed a significant main effect for sampling 
time [(F(3,75) = 4.7; P =  0.04)] where CgA increased 
after the lecture (S6) returning back within the pre-lecture 
levels by 30 minutes. We also noted a significant main 
effect for day [(F(1,25) = 5.87; P =  0.02)].  There was a 
significant interaction effect for day and sampling time 
[(F(2,75) = 9.9; P = 0.01)] with lower S-IgA concentra-
tions at S2 during the control day as compared to the day 
of lecturing.  
 
Correlation between hormonal parameters  and the stai-
scores 
 
On the day of lecturing, s-lys concentrations noted at S5 
were negatively correlated with the STAI-state score (r = 
- 0.42; P < 0.05). We also reported at S5 a postive correla-
tion between alpha-amylase activity and the STAI -State 
score (r =  0.81; P < 0.01). 

No correlations were found between cortisol and the other 
biological parameters. 
 
Discussion 
 
While sufficient reports are available on chronic stress in 
lecturers, yet very little work related to acute stress, spe-
cifically on lecturers has so far been conducted. This is 
the first study examining the evolution of salivary IgA, 
cortisol, lysozyme, CgA concentrations and alpha-
amylase activity during the day of lecturing in relation 
with anxiety. The findings of this study demonstrate spe-
cific psychological and physiological responses to lectur-
ing. Regarding psychological responses, the pattern of 
findings suggests that lecturing to 200 students is emo-
tionally challenging. In fact, the state of anxiety was sta-
tistically higher (+17%) during lecturing compared to the 
control situation. Regarding physiological processes, two 
different components within the response pattern could be 
identified. First, lecturing to 200 students resulted in a 
significant decrease in S-IgA and s-lys concentrations but 
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did not affect the saliva flow rate. These changes ap-
peared to be associated with increases in the secretion of 
the stress markers alpha-amylase, cortisol and CgA. Sec-
ondly, there were anticipatory responses which could be 
identified by comparing the concentrations of the two 
different situations (lecturing day versus control day).  
Lecturing in front of 200 students did not affect the saliva 
flow rate and these values are in agreement with those of 
Guyton [33]. It has been shown that psychological fac-
tors, such as anxiety, perceived stress, and emotional state 
are associated with low saliva flow [38,39]. However, any 
evidence of the association between psychological factors 
and the flow of saliva is somewhat contradictory. While 
some studies seem to support that academic examination 
stress is associated with a reduction in unstimulated saliva 
flow rate [40], others reported that stress is associated 
with an increase in saliva flow [41]. In our study, it is not 
surprising that saliva flow rate does not show detectable 
changes when salivettes are used, as also reported by 
Guinard, Zoumas-Morse and  Walchak [42], who as-
sumed that the use of salivettes leads to a rather uniform 
stimulation of salivary flow due to tactile stimulation by 
the presence of the cotton roll in the oral cavity.  
 
STAI was used to assess the personal anxiety and the 
state score of anxiety just before the lecture. Our results 
indicated that this state score was raised more than one 
observed on the control day (41.26 ± 1.6 vs 33.1 ± 1.8), 
suggesting that the lecturers perceived a higher level of 
anxiety before the lecture than the day of work without 
lecture.  
 
Acute and chronic stresses have been reported to increase 
the activity of HPA axis with subsequent rise in cortisol 
concentrations [43]. In our study, adrenocortical re-
sponses to the lecturing situation were found to increase 
for the sample. Cortisol concentrations remained elevated 
30 minutes after the lecture, showing that the return of 
cortisol to baseline, as reported by Webb, Weldy, Fabi-
anke-Kadue, Orndorff, Kamimori, and Acevedo [44] , can 
take some times after the stressor. Moreover, salivary cor-
tisol concentrations were noted to be higher prior to and 
after the lecture than those noted in the control day at the 
same time. These results are in line with previous studies, 
which reported increased cortisol concentrations during 
anticipation of stressful experiences such as academic 
examinations, dental procedures and public speaking [45].  
Giving a lecture to 200 students influences the secretions 
of proteins in mucosal immunity. In fact, the present 
study revealed that lecturing decreased significantly the 
concentrations of salivary IgA and lysozyme. S-lys is part 
of the innate immune system and is a cationic protein 
with wide antimicrobial activities [46]. Perera et al.[16] 

have indicated s-lys as a promising marker of the effects 
of stress in non-specific immunity, demonstrating nega-
tive relations between perceived stress and s-lys. In our 
study, the salivary lys concentrations noted after the lec-

ture indicated a negative correlation with the STAI state 
scores (r = - 0.42; P< 0.05). Until now the mechanisms 
responsible for regulating the concentrations of s-
lysozyme have not been elucidated. A few authors have 
attributed the reduction in s-lys concentrations in response 
to psychological stress to an increased secretion of gluco-
corticoids [16,47]. In the present study, no correlations 
were observed between cortisol and lys concentrations. 
Thus, we can put forward the hypothesis that the de-
creases are unlikely to be attributable to glucocorticoids. 
Further investigations are needed to understand the rela-
tion between anxiety and lysozyme and the mechanisms 
responsible for regulating s-lys.  
 
Secretory IgA in saliva, the main immunological defence 
of mucosal surfaces, had repeatedly been shown to be 
sensitive to psychological variables [48]. Changes in sa-
liva IgA concentration in response to psychological stress 
also appear equivocal, with some workers reporting de-
creases, some reporting increases and others no effect 
[10,41,49]. Our results show that the lecture activates the 
hypothalamic-pituitary-adrenocortical and sympatho-
adrenomedullary systems. It has been shown that in-
creased secretion of cortisol and alpha-amylase inhibit 
both cell-mediated and humoral immunity. IgA and ly-
sozyme are the main factors in humoral and mucosal im-
munity. Thus, it is biologically plausible that lecturing to 
the students may cause a decrease in the production of 
secretory IgA and lysozyme. 
 
In the present study, we evaluated alpha-amylase and 
CgA to reflect changes in sympathetic activity [20,50]. 
Moreover, salivary CgA is considered to be a sensitive 
psychological stress markers in the adults [51] .We noted 
in our study a significant increases in alpha-amylase ac-
tivity and CgA concentrations in response to the lecture 
(Figures 4 and 5). It was reported that the concentrations 
of cga were elevated during mental arithmetic tasks, ex-
amination or oral presentations [10,22]. These studies 
revealed that, in short-term stressful situations, such as an 
oral presentation, salivary CgA concentrations increase 
and peak immediately before, and decrease immediately 
after the event. Even if there are some studies that shown 
the interest of cga as psychological marker of stress, no 
studies have dealt with the association of IgA, cortisol, 
and CgA with stress before and after giving a lecture to 
200 students.  
 
Studies also reported results according to the effect of the 
sam system activities on salivary constituents such as al-
pha-amylase. Early studies also show that salivary alpha-
amylase is responsive to various types of situations in-
cluding socially and cognitively oriented laboratory tasks 
and physical exercise [21,52,53]. However, the data are 
controversial. In fact, Borgeat, Chagon and Legault [54] 
noted no effect of stress on salivary alpha-amylase activ-
ity in a laboratory situation, using mental arithmetics as a 



Effect of lecturing on salivary markers of adrenal activation  
 
stressor. Bosch, Brand, Ligtenberg, Bermond and  Hoog-
straten  Amerongen [41] reported higher levels of alpha-
amylase 30 min before an examination compared with 
baseline, which has been explained by an anticipation of 
the stressor beforehand. Van Stegeren, Wolf and Kindt 
[55] also reported increased alpha-amylase activity during 
anticipation of stressful experiences. These discrepancies 
could be explained by the different experimental designs 
used [21]. In our study as in the one of Nater et al. [56], 
participants were monitored in real life during the day 
whereas in other studies as in the one of Van Stegeren et 
al. [55], subjects were tested in a laboratory in the after-
noon. Moreover, in this last study, the participants came 
to the laboratory for a psychological experiment, and 
knew that they were going to be emotionally challenged. 
These two differences might contribute to the discrepancy 
of our data and their findings.  
 
The few studies that focused on a joined response be-
tween cortisol and saa levels in a stress paradigm did not 
find any significant correlation. In fact, Chatterton et al. 
[52] did not find a correlation between these variables 
after physiological stress induction (exercise and expo-
sure to heat and cold). Nater, Rohleder, Schlotz, Ehlert 
and  Kirschbaum [21] also reported no relationship be-
tween cortisol and saa using a psychological employed in 
a controlled laboratory environment. In line with these 
studies, we did not find correlations between alpha-
amylase activity and cortisol concentrations.  
 
The lack of correlations between these two parameters 
suggests that alpha-amylase reflects the reaction of a dif-
ferent system than the HPA axis. However, it is clear that 
the hpa axis and the sympathetic nervous system (SNS) 
work in coordination to generate the physiologic changes 
associated with the stress response [57]. Nevertheless, the 
mechanisms that lead to increased activity of salivary al-
pha-amylase due to the stress are not entirely understood 
[53] and further research is needed to elucidate these 
mechanisms.  
 
In conclusion, this study found specific emotional re-
sponses and physiological response patterns of different 
physiological systems to deliver lecture as compared to a 
control condition (working day without lecture). This 
study was restricted to lecturers working in the university 
since 15 years. Therefore, results may not generalize to 
other populations. Data were obtained over a single work-
ing day, and patterns may vary with more sustained 
measurement. However, it appears that the biomarkers 
evaluated in this study might be useful as putative mark-
ers of stress. Lecturing to 200 students results in tempo-
rary decreases in S-IgA and s-lys without affecting the 
saliva flow rate. These results seem to be associated with 
increases in alpha-amylase activity, cortisol and CgA 
concentrations. the mechanism that leads to modify activ-
ity of salivary alpha-amylase, chromogranin A, and ly-

sozyme due to stress are not entirely understood and fur-
ther research is needed to elucidate these mechanisms. 
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