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Abstract
Salivary cortisol measurement has proved useful for the non-invasive study of the hypothalamic–pituitary–adrenocortical
axis, and salivary a-amylase has been suggested as a comparable marker for the sympathetic system. Despite some studies
showing an increase in salivary a-amylase after challenges that stimulate the sympathetic nervous system, questions remain
about interpretation. The aims of this study were to explore the stability of salivary a-amylase, its diurnal profile, response to
the cold hand test, and correlation with cortisol. Salivary a-amylase was stable following 5 days at room temperature, and five
freeze-thaw cycles. Its diurnal profile was opposite to that of cortisol. There was no salivary a-amylase response to the cold
hand stress test, in the morning (11am) or afternoon (3pm), unlike cortisol which showed a response in the afternoon in the
same samples. There was no correlation between salivary a-amylase and cortisol at any time. In conclusion, salivary a-amylase
is stable to a range of conditions. Its diurnal pattern is compatible with sympathetic stimulation. Lack of response to the cold
hand test suggests that secretion of salivary alpha-amylase is controlled by mechanisms more complex than sympathetic
regulation alone.
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Introduction

Measurement of salivary cortisol has proved useful

in a range of human studies of the function of the

hypothalamic–pituitary–adrenocortical (HPA) axis in

health and disease (e.g. Chandola et al. 2008).

Salivary cortisol exhibits a marked diurnal profile,

with a post-awakening rise, followed by declining

levels across the day (Pruessner et al. 1997). The acute

cortisol stress response has been well characterised.

Increases are consistently reported in response to

pharmacological (Schlotz et al. 2008), psychosocial

and physical stressors, (Kammerer et al. 2002; McRae

et al. 2006). Cortisol in saliva is stable and can be

stored for up to 1 week at room temperature, and at

least a year at 2208C (Garde and Hansen 2005).

More recently, salivary a-amylase has been pro-

posed as a comparable surrogate non-invasive marker

of sympathetic activity (Rohleder et al. 2004). This

enzyme, involved in starch digestion, is secreted into

the oral cavity from the acinar cells of the parotid

gland, under autonomic control (Nater et al. 2006;

Proctor and Carpenter 2007). Many psychological

and psycho-physiological stimuli associated with

sympathetic activation have been shown to increase

salivary a-amylase activity (Rohleder et al. 2004;

van Stegeren et al. 2008). Pharmacological studies

have shown that output is increased by yohimbine and

decreased by b-blockade, providing strong evidence

for its control by sympathetic activity (Ehlert et al.

2006; van Stegeren et al. 2006).

Comparisons between changes in salivary a-amy-

lase and cortisol measurements have largely focused

on acute psychological stress tests, such as the Trier

Social Stress Test (TSST; Rohleder et al. 2004;
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Gordis et al. 2008). The a-amylase response occurs

more rapidly, peaking 5–10 min post-stress, while the

cortisol response is generally observed at 20 min post-

task (Rohleder et al. 2004). A report of a positive

correlation between the two markers (Grillon et al.

2007) contrasts with a study indicating no

relationship (Nater et al. 2006), while others suggest

a dissociation of these markers during stress in some

individuals is of interest (Gordis et al. 2008).

Several questions remain concerning salivary

a-amylase measurement as a tool in stress research.

To be useful as a clinical marker, it needs to be

physically robust; no data on this issue have so far been

published. Other conditions that may affect its

activity, such as laboratory handling and sample

processing, have not been investigated. Finally the

salivary a-amylase response to simple physical stress,

such as the cold hand (pressor) test, which can be

easily used in a range of conditions, has not been

fully established (van Stegeren et al. 2008). The cold

hand test is a non-invasive acute physical stress test

which has been shown to elicit a salivary and plasma

cortisol (Kammerer et al. 2002; McRae et al. 2006),

plasma noradrenaline, and blood pressure response

( Jones et al 1996; Flaa et al. 2008).

In this study, we have examined the stability of

salivary a-amylase, the diurnal profiles of salivary

a-amylase activity and cortisol concentration,

together with the a-amylase and cortisol responses

to the cold hand test, including effects of the time of

testing responses.

Materials and methods

Participants

Twenty-one participants, (mean age ¼ 24.4 years,

SD ¼ 8.0 years, all female, non-pregnant) were

recruited in Switzerland, as a control sample for a

study of HPA axis function in pregnancy (Kammerer

et al. 2009). All participants were free from somatic

and psychiatric disorder, were non-smokers and

not taking illicit drugs or prescribed medication.

The protocol was approved by the Ethics committee of

the Canton of Zurich, Switzerland, and written

informed consent was obtained from all participants.

Saliva samples were collected using Salivettes

(Sarstedt, Germany). Subjects placed the cotton

swab in their mouths for approximately 2 min or

until saturated, before replacing the swabs in the

collection tube. Subjects were asked to abstain from

eating and drinking (except water) for 30 min, and

from caffeine or physical exertion for an hour prior to

sampling. Additional saliva samples for use in our

stability analyses were provided from randomly

selected participants (n ¼ 10) taking part in the

diurnal sampling or cold hand test protocol.

Stability of a-amylase

To determine the effect of different pre-freezer

treatments, saliva samples were centrifuged and then

placed in a commercial freezer at 2208C (off swab

treatment) or placed directly in the freezer without

centrifuging (frozen on swab treatment; n ¼ 10).

A subset of these samples (n ¼ 5) were re-frozen for a

further 24 h, thawed at room temperature for

approximately 20 min until liquid and re-assayed.

This process was repeated for a total of 120 h, totalling

five full freeze-thaw cycles and five assays.

To investigate the effects of storage at room

temperature on salivary a-amylase five participants

collected approximately 2 ml of saliva by passive drool

into a 20 ml universal container. These samples were

then absorbed onto threee cotton swabs from three

Salivettes for each participant. The first sample for

each individual was frozen immediately, while the

second and third samples were left at room

temperature for 3 and 5 days, respectively.

Diurnal variation. Subjects were asked to perform

diurnal sampling on two week-days, as close as

possible to day 10 of their menstrual cycle. Home

record forms were issued to each participant to record

time of waking and sampling. They were asked to

collect samples on waking (mean wake time: 07:08 h

SD: 58 min), 30 min post-waking (mean: 07:38 h, SD:

58 min) then at 3 (10:22 h, SD: 54 min) and 12 h post-

waking (mean 19:11 h, SD: 135 min). All samples

were refrigerated once taken, collected and returned

to the laboratory in cool-packs and then stored at

2208C until assayed.

Cold hand test. To investigate the a-amylase and

cortisol response to the cold hand test a subsample

completed the cold hand test (n ¼ 10, mean

age ¼ 25.3 years, SD ¼ 3.7 years). To evaluate the

effect of time of testing, the cold hand test protocol

was carried out on two separate occasions; once at

11.00 h and once at 15.00 h. These tests were carried

out in a random order and on different days.

Upon arrival, participants read for a 15-min period

of relaxation before baseline saliva collection. Partici-

pants then placed their non-dominant hand in the ice

cold water (48C) for 60 s. The second salivary sample

was taken at 5 min following the cold hand test and

then 10, 20 and 30 min post-test. Subjects were alone

throughout the experiment, and only supervised

during the stress test and saliva sampling. Conversa-

tion between the subject and the tester was kept to a

minimum. Subjects were also asked to refrain from

excessive movement or posture changes during the

experiment in order to limit the effect of movement

and orthostatic factors on sympathetic activity.
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Biochemical measures

All assays were carried out using commercially

available kits (Salimetrics, State College, PA, USA).

On the day of assay samples were thawed for 30 min

and centrifuged for 15 min at 1200g. For salivary

a-amylase activity, a kinetic enzyme assay was carried

out. The final assay consists of 0.5% saliva in diluent,

incubated with 320ml of chromogenic substrate

(2-chloro-p-nitrophenol linked with maltotriose).

Enzyme activity over 2 min results in a colour change

that can be measured at 405 nm. The inter- and intra-

assay coefficients of variance were 10.9 and 4.05%

respectively. Salivary cortisol was measured using an

immunoassay. This assay is based on the competition

for binding sites between cortisol in saliva, with

horseradish peroxidase labelled cortisol. The inter-

and intra-assay coefficients of variance were 7.9 and

8.9%, respectively.

Statistical analysis

All biochemical data were tested for normality. Both

a-amylase and cortisol showed a skewed distribution

and normalised by ln transformation. All statistical

analyses were therefore carried out using parametric

tests with ln transformed data with SPSS version 15

(Chicago, IL, USA).

Results

Stability of a-amylase

Salivary a-amylase was found to be generally highly

stable (Figure 1). Saliva samples, stored for up to

5 days at room temperature showed no significant

change in activity (F(1, 4) ¼ 0.45, n ¼ 5, ns, repeated

measures one-way ANOVA; Figure 1(a)). Similarly,

multiple freeze-thaw cycles did not affect the activity

(F(4, 16) ¼ 2.66, n ¼ 5, ns, repeated measures one-

way ANOVA; Figure 1(b)). Additionally, freezing

salivary samples collected on a cotton swab had no

effect on a-amylase activity, when compared with

samples frozen directly (t ¼ 20.19, n ¼ 10, ns).

Diurnal profiles

Figure 2 shows the diurnal profiles of salivary

a-amylase activity and cortisol concentration. Salivary

a-amylase showed a distinctive diurnal profile (F(3,

80) ¼ 3.13, n ¼ 21, p , 0.05, one-way ANOVA),

opposite to that of cortisol. Salivary a-amylase

demonstrated a reduction in activity 30 min after

waking. By 3 h post-waking a-amylase activity had

increased above waking levels, and continued to rise

until 12 h post-waking. In contrast, salivary cortisol

concentration showed a positive awakening response,

peaking at 30 min post-waking, followed by a steady

decline over the course of the day, (F(3, 84) ¼ 16.4,

n ¼ 21, p , 0.001, one-way ANOVA).

There was no correlation (Pearson) between

a-amylase activity and cortisol concentration at any

of the time points.

Figure 1. The stability of salivary a-amylase activity (A) following exposure to room temperature over 5 days ( p ¼ ns, n ¼ 5) and a series of

five freeze-thaw cycles ( p ¼ ns, n ¼ 5) (B).

Figure 2. The diurnal profile (mean ^ SEM) of salivary a-amylase

activity and cortisol concentration. There was a significant effect of

time for both salivary a-amylase ( p , 0.05, n ¼ 21) and cortisol

( p , 0.001, n ¼ 21).
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The cold hand test

We found that salivary a-amylase showed no

significant response to the cold hand test in the

morning or the afternoon (Figure 3(a)). By contrast,

there was a significant time-of-day effect for the

cortisol response to the cold hand test (Figure 3(b)).

Cortisol reactivity was marked in the afternoon

(15.00 h, F(4, 36) ¼ 4.62, n ¼ 10, p , 0.01, one-

way ANOVA) but absent in the morning (11.00 h,

F(4, 36) ¼ 1.63, n ¼ 10, p ¼ 0.19, one-way ANOVA).

There was no correlation between a-amylase

and cortisol levels at any time point during the cold

hand test.

Discussion

Our data indicate that a-amylase activity is a stable

salivary marker with a distinctive diurnal pattern, with

opposite phase to that of cortisol. In contrast to

cortisol, the cold hand test did not elicit a significant

increase in salivary a-amylase activity in either

morning or afternoon.

We found a-amylase activity was not significantly

affected by storage at room temperature for up to

5 days. Thus saliva may be returned by post without

affecting activity. The stability of a-amylase following

five freeze-thaw cycles facilitates multiple analyses of

samples, and shows that archived samples may be

assayed for a-amylase.

The diurnal profile of a-amylase activity observed

here replicates the earlier studies which found a

decrease upon waking and rising levels throughout the

day (Rohleder et al 2004; Nater et al 2007). Another

study has found little change across the day but does

report significantly higher a-amylase activity in the

evening (Yamaguchi et al. 2006). The unchanged

morning levels reported in that study may be due to the

absence of a 30-min post-waking sample (Yamaguchi

et al. 2006).

It is of interest to consider the regulation of the

diurnal pattern of salivary a-amylase. The pattern we

report is similar to the previously reported urinary

noradrenaline profile (Hansen et al. 2001), with a

morning dip followed by a rise evident in both. One

well controlled study also found a decline in plasma

noradrenaline level on waking, in contrast to adrena-

line level, which increased (Dodt et al. 1997).

The diurnal pattern of salivary a-amylase activity is

thus compatible with the hypothesis that basal levels of

a-amylase are an index of noradrenergic sympathetic,

although not of adrenergic activity.

While the cortisol diurnal profile has been described

to be altered in a number of pathological conditions,

similar studies with a-amylase levels are only just

beginning. Increased salivary a-amylase output has

recently been reported in generalised social anxiety

disorder (Van Veen et al. 2008). Conversely chronic

stress in asthmatic children was associated with

lower basal a-amylase levels (Wolf et al. 2008).

These studies suggest psychological stress or anxiety

may be associated with altered diurnal patterns of

a-amylase.

The cold hand test failed to elicit a consistent

a-amylase response, in either the morning or after-

noon. The lack of an a-amylase response contrasts

with previous work employing psycho-social stressors,

which have found a clear response during late-

morning/afternoon testing (Gordis et al. 2008). Our

data appear to contrast with the one other study

describing the a-amylase response to the cold hand

test. However, Van Stegeren et al. (2008) measured

the response to the cold hand test following a

psychological stressor. Salivary a-amylase levels did

not increase but failed to return to baseline. Unlike

our study, the salivary a-amylase response to the cold

Figure 3. The time of testing effect on salivary a-amylase and cortisol reactivity (mean ^ SEM) to the cold hand test. BL ¼ baseline, times

(m) are min after hand immersion in cold water for 60 s. Cold hand test was at 11.00 h (am) or 15.00 h (pm). Salivary a-amylase am and pm

both p ¼ ns for stressor effect. Salivary cortisol, BL versus post-stressor: am p ¼ ns, n ¼ 10; pm, p , 0.01 n ¼ 10.
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hand test alone was not measured (van Stegeren et al.

2008). This study does suggest that a psychological

stressor may be a more potent stimulator of salivary

a-amylase giving rise to a marked increase in levels

(van Stegeren et al. 2008).

The possibility that our stressor lacked potency is

unlikely, as a robust cortisol response was observed in

the afternoon. It is likely that the greater cortisol

response observed in the afternoon is due to a lower

baseline at that time. This is similar to a previous

study using psychological stressors during pregnancy

(de Weerth et al. 2007), but contrasts with another

paper indicating no time of day effect in healthy non-

pregnant individuals (Kudielka et al. 2004). It is

noteworthy that unlike our study, Kudielka et al.

(2004) used a psychological stressor (TSST) and did

not test the same individuals across days, instead a

composite sample was drawn from five independent

studies carried out at different times of the day

(Kudielka et al. 2004).

Previous studies have shown a significant plasma

noradrenaline response to the cold hand test indicative

of sympathetic activation (Willemsen et al. 1998;

Flaa et al. 2008). Despite this we found no change

in salivary a-amylase activity in response to the cold

hand test. A possible explanation is the selective

activation of a-adrenergic responses elicited by the

cold hand test (Willemsen et al 1998; Flaa et al. 2008).

Psychological stressors can result in greater b-adre-

nergic activation (Willemsen et al. 1998), which may

involve the b-adrenoceptors of the parotid gland,

necessary for the release of salivary a-amylase

(van Stegeren et al. 2006). The lack of response we

observed suggests the salivary a-amylase response is

stressor specific.

Another factor to consider is the action of the

parasympathetic system. Animal work indicates that

parasympathetic activity is involved in regulation of

both flow rate and protein content of saliva (Proctor

and Carpenter 2007). A recent study in humans

suggests the heart rate response to the cold hand test is

complex, in some cases involving co-activation of

sympathetic and parasympathetic systems (Mourot

et al. 2008). Speculatively, the absence of a salivary

a-amylase response as we report, might reflect more

complex control, possibly including the parasympa-

thetic system. Both autonomic systems may act

together to modulate the cardiac, and potentially the

salivary a-amylase, response to acute stress (Mourot

et al. 2008). This possibility is yet to be investigated.

Recently, increases in a-amylase activity have been

found to be independent of saliva flow rate (Rohleder

et al. 2006). However, the role of the parasympathetic

system in the control of salivary a-amylase output is

yet to be fully determined. Pharmacological blockade

studies, targeting the parasympathetic system, may

help to clarify the specificity of salivary a-amylase as a

marker of sympathetic activity.

The current study has certain limitations. Our

sample was small and consisted of females only.

The data concerning the stability of a-amylase are not

expected to be affected by such factors. Also gender

has not been found to affect salivary diurnal a-amylase

activity (Nater et al. 2007), nor responsivity to a

combined psychological and cold hand task

(van Stegeren et al. 2008).

Future studies would benefit from the parallel use of

other indices of sympathetic activity.

In conclusion, our data show that salivary a-amy-

lase activity is a stable biomarker with a marked

diurnal profile. Its diurnal pattern is consistent with

control by sympathetic activity. However we found

that a potentially useful physical stressor, considered

to be associated with sympathetic activation, failed to

elicit a consistent salivary a-amylase response despite

a significant increase in salivary cortisol concentration.

These findings suggest the salivary a-amylase

response to acute stress may be dependent on the

nature of the stressor investigated. Further work is

required to clarify the regulation of salivary a-amylase,

and particularly the role of the parasympathetic

system. Even though there is good evidence that

salivary a-amylase can be increased by sympathetic

activity, importantly, it may also be subject to other

influence, and be more sensitive to some types of stress

than to others.
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