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ABSTRACT
Dehydroepiandrosterone sulfate (DHEA-S) is one of the most widely circulating
hormones in the body, and adult men have higher DHEA-S levels compared to adult women.
Due to its unique lifetime rhythm (i.e., levels rise at 6-8 yrs, peak at 20-30 yrs, decline until
death) and purported protective role in the health effects of aging (e.g., cardiovascular disease,
dementia), DHEA-S has been studied as an anti-aging hormone. The antiglucocorticoid
properties of DHEA-S suggest that it may protect against the long-term health consequences of
chronic, stress-induced cortisol release. Little is known about the role of DHEA-S in the
biological stress response in humans, but a handful of studies suggest that DHEA-S levels
increase following intense physical stressors. This dissertation consists of 3 studies designed to
investigate DHEA-S responses to acute laboratory stress in healthy adults.
The first study was designed to 1) validate DHEA-S levels in saliva collected by
Salivette® vs passive drool, 2) confirm sex differences in DHEA-S levels and 3) compare
morning and late afternoon DHEA-S levels. Results validate salivary DHEA-S levels collected
via Salivette® and confirm that men have higher levels of DHEA-S than do women. Further,
DHEA-S levels are higher in the morning than in the late afternoon, which has not been reported
before.
The second and third studies measured DHEA-S levels in response to acute laboratory
stressors. Study 2 compared salivary and serum DHEA-S across 3 time points (baseline, stress,
recovery) in men and women in the luteal and follicular phases of the menstrual cycle. Results
indicate that stress reduces DHEA-S levels, and that DHEA-S levels among women in the luteal
phase rise above baseline levels during recovery. Study 3 expanded these results by measuring
salivary DHEA-S levels following a math stressor in men given 1 of 3 different doses of a
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known sympathomimetic, caffeine (i.e., 0, 200, or 400 mg). Results confirmed the Study 2
findings and indicate that stress, but not caffeine, reduce DHEA-S levels among men. This
dissertation ends with a discussion of the health implications of stress-induced changes in
DHEA-S, how these changes relate to cortisol and recommendations for future studies.
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INTRODUCTION
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A 2004 New York Times article estimated that workplace stress (one of the most
common forms of stress affecting the human population in the industrial world) costs the United
States over $300 billion dollars in health care, missed work and stress reduction training
(Schwartz 2004). An estimated 75-90% of all primary care visits to physicians are for stressrelated problems (Schwartz 2004). Defined broadly, stress is any type of physical or emotional
threat that causes a shift in the homeostatic balance of the body’s biological functions.
Dysregulation of the biological mechanisms of stress (i.e., cortisol) have been connected to
several disorders (i.e., diabetes, cardiovascular disease, obesity) (McEwen & Stellar, 1993).
Stressful early life events (e.g., sexual abuse) have been linked to a propensity towards
depression and other mental and physical health disorders later in life (Repetti, Taylor, &
Seeman, 2002).

Certain areas of stress research examines how to combat stress from a mental

perspective (i.e., coping and relaxation) whereas other areas focus on the consequences of
specific negative biological components of what happens in the body when undergoing chronic
stress. The understanding of the biological impact of stress on health is still in its infancy stage.
The glucocorticoid hormone, cortisol, has been the focus as a culprit in the negative health
effects of chronic stress with little focus on the positive mechanisms that allow the body to
counteract the destructive effects of cortisol. The following chapter sets the stage for an in depth
look into the body’s “positive” mechanism for balancing negative effects of cortisol with the
hormone, dehydroepiandrosterone-sulfate (DHEA-S), and how DHEA-S may interact with
cortisol to have protective effects against the health-damaging effects of stress.
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Stress System Overview
It is imperative to understand the specific biological components of the body’s response
to stress in order to identify a connection between stress and disease. The stress response
consists of two distinct biological pathways: the sympatho-adrenal-medullary axis (SAM axis),
and the hypothalamic-pituitary-adrenal axis (HPA axis). Considered a ‘fast acting’ response due
to the direct enervation from the brain to the adrenal medulla, the SAM axis involves the classic
stress response of “fight-or-flight,” described by Walter Cannon in the early 1930s (Cannon,
1932). When confronted with a life threatening stressor, the sympathetic branch of the nervous
system triggers an immediate release of the catecholamines epinephrine and norepinephrine from
the adrenal medulla (Cannon, 1932). These catecholamines in turn are carried through the
circulatory system throughout the body to prepare the body to flee from the threat or to turn and
fight the threat by increasing heart rate, increasing blood pressure, and constricting peripheral
blood vessels. Epinephrine also causes the pupils to dilate and increases the body’s perspiration
(Cohen, Kessler, & Gordon, 1997). Both norepinephrine and epinephrine also are
neurotransmitters that affect behavior, memory retention and perception when confronted with a
threat (Joca, Ferreira, & Guimaraes, 2007). An over-activation of the SAM axis possibly could
lead to immune suppression and cardiac hypertrophy (Rapacciuolo, et al., 2001; Elenkov &
Chrousos, 2006).
In the mid-1950’s Hans Selye described a non-specific stress response (1956). Labeled
the ‘General Adaptation Syndrome’ (GAS) this non-specific stress response consists of three
distinct phases: alarm, resistance and exhaustion. During the alarm phase, the stress system is
activated to prepare the body for the oncoming stressor. During the resistance phase, the body
expends energy (increase in corticosteroids to release and mobilize energy stores) to maintain
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homeostatic balance in the presence of an ongoing stressor. If the stressor is ongoing, or the body
fails to turn off the increase in corticosteroids resulting in a depletion of energy stores, the
exhaustion phase ensues and results in thymic involution, adrenal hypertrophy and gastric ulcers.
This phase consists of the body’s inability to mount another resistance phase which can result in
disease and ultimately death (Selye, 1956). The biological basis of this corticosteroid response is
now known as the HPA-axis (Cohen, Kessler, & Gordon, 1997).
The HPA-axis, considered the ‘slow’ stress response due to a few intermediate steps
between the first trigger in the brain and the ultimate release of cortisol, consists of a different
cascade of events. When the body perceives a stressor, neurotransmitters (i.e. epinephrine,
norepinephrine, serotonin) are sent to the specific brain region called the hypothalamus. The
hypothalamus releases corticotrophin releasing hormone (CRH) which stimulates the anterior
pituitary to release adrenocorticotrophic hormone (ACTH). ACTH in turn stimulates the adrenal
cortex to release the glucocorticoid, cortisol (in humans) or corticosterone (in rodents). Cortisol
is mainly a catabolic hormone that is effective in supporting the body’s response to stress,
including: mobilization and replenishment of energy stores, increased arousal, increase in
vigilance, increase in focused attention, increase in memory formation, inhibition of the growth
and reproductive system, and containment of the immune response (Gilbert, et al., 2000;
McEwen, 2002; Steiger, 2002; Southwick, Vythilingam, & Charney, 2005; Seematter, Binnert,
& Tappy, 2005; Christian, et al., 2006). Cortisol also helps regulate the HPA-axis activity by
dampening the release of ACTH and CRH from the pituitary and hypothalamus (respectively).
In the short term, these effects of cortisol are useful and aid in homeostatic regulation.
Sustained cortisol release under chronic stress, however, can lead to many negative health
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consequences including high blood pressure, cardiovascular disease, diabetes and obesity
(McEwen, 2001).
There are several other important components of the HPA-axis cascade. When CRH is
released from the hypothalamus, oxytocin (OT) and vasopressin (AVP) are co-released from the
posterior pituitary. A new theory proposes that the release of OT may play a role in defining sex
differences in responses to stress. Specifically, OT appears to support a “tend and befriend”
behavioral response to stress in females, which may have a better adaptive significance to female
biology when caring for offspring (Taylor, et al., 2000). OT also may produce a dampening
effect on the stress response to control the rapid cascade of physiological changes that occur in
response to the release of stress hormones (either catecholamines or cortisol). Females produce
more OT than do males. Both males and females have similar OT responses to stress, however
OT’s effects are enhanced in the presence of estrogen, creating a synergistic dampening of the
stress response in females (Taylor, et al., 2000).
In contrast, AVP aids in the release of ACTH from the anterior pituitary gland that
subsequently stimulates the release of glucocorticoids (i.e., cortisol) from the adrenal gland. The
negative feedback of cortisol to the hypothalamus to shut down CRH production also has a
similar effect on the release of AVP (Tilbrook & Clarke, 2006). However, AVP is not
completely shut down by the glucocorticoid negative feedback loop, and AVP may be released
in response to different types of stress. Specifically, AVP could contribute to the sensitization
of the pituitary during chronic stress, thus maintaining the body’s ability to respond to ongoing
stimuli instead of being suppressed (Tilbrook & Clarke, 2006; Bao, Meynen, & Swaab, 2008).
Both the HPA and SAM axes affect many biological systems, often overlapping in their
effects on the cardiovascular, immune and endocrine systems. McEwen and Stellar (1993)

6
defined an umbrella concept, allostatic load, to aid in the complex conceptualization of how to
quantify the cumulative stress effects on the body over a lifetime. Sterling and Eyer (1988)
coined the term “allostasis” in the late 1980’s. Allostasis is an advancement of the idea of
homeostasis in that it means “maintaining stability through change,” and not just the body’s
ability to adapt to acute situations. Specifically, homeostasis refers to the regulation of the body
around a single set point. Allostasis expands on this idea incorporating a dynamic balance of
many different homeostatic set points to aid the body in response to a challenge. Allostasis
incorporates all of the body’s physiologic systems that regulate how the body reacts and
functions in its’ environment including (but not limited to): the cardiovascular system, the
immune system, the stress system (HPA and SAM), and autonomic nervous system (McEwen,
1998).
When the body undergoes an onslaught of allostatic changes, this can lead to permanent
changes in the body’s function resulting in disease over time. Allostatic load refers to this
cumulative effect of repeated stress on the different systems of the body, ultimately connected
with cardiovascular disease and other types of load bearing diseases in the aging body (McEwen,
1998). Allostatic load can be quantified by how numerous biological systems function and how
they respond to stress. An increase in allostatic load over time can result in negative health
outcomes (i.e. cardiovascular disease). The MacArthur Study of Successful Aging is the first
study to quantify allostatic load using 10 different parameters (Seeman, McEwen, et al., 1997;
Seeman, Singer, et al., 1997): 1) systolic blood pressure and 2) diastolic blood pressure as a
measure of cardiovascular activity; 3) waist to hip ratio- which is an index of chronic issues of
metabolism dysfunction; 4) serum high-density lipoproteins (HDL) and 5) total cholesterol
predicting the development of atherosclerosis; 6) blood plasma levels of glycosylated
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hemoglobin which is an index of glucose metabolism; 7) serum dehydroepiandrosterone sulfate
(DHEA-S)- recognized as a glucocorticoid antagonist; 8) overnight urinary cortisol excretionindex of 12 hour HPA axis activity; 9) overnight urinary norepinephrine and 10) epinephrine
excretion – an index of sympathetic nervous system activity. In order to determine a quantifiable
index, participants were put into quartiles such that the top quartile (i.e., highest levels) indicated
the greatest risk, and the lowest quartile (i.e., lower levels) represented the least risk. However,
for HDL and DHEA-S, these categories were switched where the lowest quartile (i.e., lower
levels) meant highest risk. Participants that were in the upper quartile (i.e., had the highest
levels) for the majority of the measures had the greatest allostatic load and worst health
outcomes (Seeman, McEwen, et al., 1997; Seeman, Singer, et al., 1997).

Dehydroepiandrosterone (DHEA) and Dehydroepiandrosterone-Sulfate (DHEA-S)
Another lesser known by-product of the stress response, but that has been included in the
quantification of allostatic load as a cortisol antagonist, consists of another adrenal steroid
triggered by the ACTH response: dehydroepiandrosterone (DHEA) and its sulfated form
(DHEA-S- both denoted together as DHEA/S). Though classically studied as an androgen
precursor, DHEA/S has a wide array of effects on the body including: memory and mood
enhancement, immune modulator, and influence on energy metabolism (Labrie, et al., 1998;
Wolf & Kirschbaum, 1999). Recent research has identified several antiglucocorticoid effects of
DHEA/S resulting in a new connection with the classic stress hormone, cortisol (Muller,
Hennebert, & Morfin, 2006).
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The Biology and Mechanism of Action of DHEA/S. DHEA/S are among the most widely
circulating hormones in the body, often found at levels 10 times higher than circulating cortisol
(Hucklebridge, 2005). DHEA/S metabolic pathway begins with cholesterol’s change to
pregnenolone which with the help of the enzyme 17-hydroxylase changes to 17hydroxypregnenolone (see Figure 1). This molecule has two different pathways that it could then
take. On one hand the down stream outcome is cortisol, on the other hand it converts to DHEA.
DHEA uses 3B-dehydrogenase to convert to androstenedione which is the precursor to
testosterone and estradiol. In peripheral circulation DHEA-S is found in higher concentrations
than DHEA (i.e. 500-1000 times higher), and acts as an intracrine reservoir for DHEA. Cells
take in DHEA-S, cleave off the sulfate via sulfotranserfase, use DHEA in downstream
applications, re-sulfate the molecule and push DHEA-S back into circulation. Similar to
cortisol, DHEA/S is synthesized and released from the adrenal cortex. However, DHEA/S is
produced in the zona reticularis, whereas cortisol is produced in the zona fasciculata. DHEA has
a shorter half life (10-15 minutes) than does DHEA-S (10-12 hours), and appears to show a
moderate diurnal rhythm where levels are higher in the morning and slowly decrease through out
the day reaching their nadir overnight (Orentreich, et al., 1984). Unlike cortisol, DHEA does not
show a drastic morning spike in levels. Due to a longer half-life (i.e., 10-12 hours), DHEA-S is
thought to display steady levels during the day (Goodyer, et al., 1997; Hucklebridge, et al.,
2005). Though no specific DHEA/S receptor has been identified, a recent study has shown that
DHEA does have an effect on androgen and estrogen receptors (Chen, et al., 2005). Specifically,
DHEA may have a unique direct activation of the beta-estrogen receptor and an antagonistic
effect on the androgen receptor separate from estrogen or testosterone. This is one of few studies
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that show evidence that DHEA/S in the periphery may be a stand alone steroid instead of only
exuding its effects as an androgen precursor (Chen, et al., 2005).

Lifetime Rhythm of DHEA/S. DHEA/S levels also show a unique pattern across the life span
with distinctive sex differences. DHEA/S levels are high in the circulating fetus due to a large
developing fetal zone in the adrenals (Charney, 2004). It is hypothesized that DHEA/S aids in
the development of steroids necessary for specific tissue development. Levels drop after 1-3
months in the post-natal period. Levels remain low until the onset of adrenarche between the
ages 6-8 (for boys and girls). Adrenarche is described as a maturing of the adrenal zona
reticularis ultimately releasing DHEA-S to aid in tissue development until the onset of puberty.
In a developmental aspect, DHEA-S has effects on many different physiological systems
including somatic growth and development (Arquitt, et al., 1991), neurological (reviewed in
Kroboth, et al., 1999), and the immune system (Chen & Parker, 2004). Adrenarche is a highly
specialized evolutionary process specific to human growth (Campbell, 2006). It is also
important to note that only humans and a few species of higher order primates (i.e., chimpanzees
and giant gorillas) have peripherally circulating DHEA/S (Roberts, 1999).
After the rise in DHEA/S during adrenarche, DHEA/S levels then continue to rise
consistently until the third decade of life. After peaking around 20-30 years, levels steadily
decline until the mid 70s, where levels remain at around 20% of peak concentrations (Orentreich,
et al., 1984). This unique lifetime rhythm has peaked interest in DHEA/S as a possible fountain
of youth (Roberts, 1999). Researchers have hypothesized that higher levels of DHEA/S during
aging may potentially provide a protective effect on subsequent gerontological diseases and
disorders (i.e., cardiovascular disease, diabetes, senile dementia) (Leowattana, 2001). Higher
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levels have also been connected with greater longevity in an aging population (Enomoto, et al.,
2008). Though the lifetime rhythm of DHEA and its sulfated form are similar, DHEA levels
show no detectable sex differences until levels reach their peak in the mid 20- 30s. At that time,
DHEA levels appear to be greater in females than in males. However, DHEA-S shows a
distinctive opposite sex difference with males having higher peripheral levels that do females
throughout the life span. Though the patterns of decrease in DHEA/S levels remain consistent
across the sexes, males have higher levels than do females even when DHEA-S is at its lowest
level which occurs around 70-80 years of age (Hucklebridge, et al., 2005; Orentreich, et al.,
1984).

DHEA/S as a Neurosteroid and a Neuroactive Steroid. Not only is DHEA/S produced in the
adrenals and released into peripheral circulation, it is also uniquely produced and metabolized in
the brain and circulates in the central nervous system. DHEA/S is thus considered a neurosteroid
and has specific effects in the brain as a GABA-A antagonist (Wolf & Kirschbaum, 1999). Wolf
and Kirschbaum (1999) have shown that, at a neuronal level, DHEA/S enhances memory
function and reduces corticosteroid induced fear, hence providing the basis of the
antiglucocorticoid effects of DHEA/S. It is important to note that many of the studies that
investigate the central nervous system effects of DHEA/S are done in rodents. DHEA/S is
released in very negligible levels from the rodent adrenals and thus makes it hard to extrapolate
the neurosteroid effects of DHEA/S to human behavior (Roberts, 1999). Other research has gone
on to show that DHEA/S in the periphery acts on the pro inflammatory immune response helping
to counteract an over production of the anti inflammatory effects of cortisol (Hechter, Grossman,
& Chatterton, 1997).
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Though no specific receptor has been found for DHEA/S, May and colleagues (1990)
have shown that DHEA/S has an antiglucocorticoid effect and thus has been considered an
antagonist to the HPA system with Muller and colleagues (2006) specifically identifying the
antagonistic effect at the cellular level (May, et al., 1990; Wright, et al., 1992; Muller,
Hennebert, & Morfin, 2006). This antiglucocorticoid effect of DHEA/S has lead research to
examine DHEA/S role in specific diseases and conditions that show an over production of
cortisol. A typical non-disease model of an over production of cortisol is chronic stress, whereby
levels of cortisol fail to return to normal values. Mommersteeg and colleagues have proposed
that DHEA-S is a moderator of the biological chronic stress response (2008).

DHEA/S and Stress. Four studies to date have reported on DHEA-S response to chronic stress.
In 3 out of the 4 cases, the stress included intense one week military training that consisted of
food and sleep deprivation while undergoing simulated psychological interrogation (Morgan, et
al., 2004; Gomez-Merino, et al., 2005; Taylor, et al., 2007). For all three studies involving
military stress, DHEA-S levels were higher at the end of the week-long training periods
compared to baseline levels. It is unclear whether the increase in DHEA-S was due to the
intense psychological stress or a combination of sleep and food deprivation. The 4th study by
Bouget and colleagues (2006) examined physiological training stress in female cyclists over the
course of 4 days. DHEA-S levels were found to be higher after undergoing a 122% increase in
workout intensity compared to baseline levels for the cyclists across the 4 days (Bouget, et al.,
2006). In all four studies DHEA-S levels were interpreted on their own and also in a
cortisol/DHEA-S ratio. Hechter, Grossman and Chatterton (1997) suggested that a
cortisol/DHEA ratio would perhaps describe more about the body’s ability to handle a stress
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related illness. A cortisol to DHEA ratio would show the catabolic to anabolic balance of the
body’s ability to handle biological stress. If the body were producing high amounts of cortisol
over a long period of time, DHEA/S levels would rise to help counter the negative effects of the
stress induced cortisol. Lower levels of DHEA-S in relation to cortisol could mean a disruption
in the adrenal hormone balance leading to a higher susceptibility to stress related diseases
(Hechter, et al., 1995). There are no studies to date to show how DHEA/S levels respond to
acute psychological stress.
The next logical step in the process of determining DHEA/S elusive roll in stress within a
healthy human population is to assess how DHEA/S responds to an acute stress setting
controlling for extraneous factors (i.e., time of day, concurrent diseases, harsh physical
conditions). Up to this point there have been no published studies that report DHEA/S levels in a
normal population under an acute stress setting.
In order to take the next step in understanding DHEA-S role in acute stress, the following
aims of this dissertation are to 1) confirm the sex difference in salivary DHEA-S levels; 2)
determine if salivary DHEA-S concentrations in circulation change from morning to evening; 3)
determine if levels of salivary DHEA-S are stable across a 90 min period in an acute laboratory
setting; 4) determine if DHEA-S responds to acute psychological stress, and if it does, in what
direction; 5) to determine if DHEA-S responds to stress and to see if it is affected by caffeine.
The following 3 papers were developed to address these 5 aims. The first experiment of
paper 1 examined male and female salivary DHEA-S levels during morning and evening
sessions to verify sex differences and to determine whether morning and evening salivary
DHEA-S levels differ. The 3rd aim of paper one was to validate DHEA-S levels in two types of
saliva collection methods: passive drool and Salivette (a commercially available saliva collection
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device). A second experiment of paper 1 determined if DHEA-S levels were stable across a 90min time period in the afternoon that corresponds to a typical laboratory stress session. Paper 2
was designed to determine if DHEA-S levels change in response to a laboratory stressor in male
and female participants. Paper 3 was designed to replicate the stress response in DHEA-S levels
and to see if this response changed in the presence of a sympathomemetic, caffeine, in a group of
young healthy men. Together, these papers and this doctoral dissertation will lay the ground
work for understanding how the antiglucocorticoid hormone, DHEA-S, responds to stress.
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CHAPTER II

VALIDITY OF MEASURING DHEA-S IN A
COTTON SALIVETTE: A METHODOLOGICAL APPROACH TO DETERMINE SEX
AND TIME OF DAY DIFFERENCES
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Introduction
Cortisol, a glucocorticoid released in response to stress, has been incorporated in field
and laboratory studies of stress because of the ease in which it can be measured reliably in saliva.
However, this measurement is not without controversy (Strazdins, et al., 2005; Poll, et al., 2007).
Researchers are still searching for the best approach to measure cortisol in different types of
saliva collection methods: passive drool (i.e., participant spits directly into a tube via a short
piece of straw) or a saliva collection device (i.e., cotton salivette). The reason for this search is
because different types of collection devices may interfere with hormone recovery (Shirtcliff, et
al., 2001; Kivilighan, et al., 2004; Gallagher, et al., 2006). Not only has this been an issue for
cortisol collection, but for other hormones in saliva as well. Certain hormones such as sex
steroids (e.g., testosterone and estrogen) that are detectable through saliva must be collected
through the passive drool method because they bind to the collection device and provide either
falsely inflated or deflated values (Lamey & Nolan, 1994; Groschl & Ruah, 2006; Groschl, et al.,
2008). Little is known regarding the validity of measuring another component of the stress
response in humans, dehydroepiandrosterone-sulfate (DHEA-S), in different types of saliva
collection methods.
Dehydroepiandrosterone sulfate (DHEA-S) is one of the most widely circulating
hormones in the body. Though research has connected DHEA-S with a multitude of actions (i.e.,
androgen precursor, neurosteroid) within the body, little is understood about the role DHEA-S
plays in the physiologic stress response. DHEA-S is released via the adrenal cortex similar to
cortisol (Hornsby, 1995). Interestingly, DHEA-S production can be altered in response to
chronic or acute stress (Kroboth, et al., 1999). Previous studies have shown a relationship
between DHEA-S and critical illness (i.e., burns) as a model for chronic biological stress effects

21
on the body (Lephart, Baxter, & Parker, 1987), however there is little literature on the role that
DHEA-S plays in the biological stress response among a normal healthy population.
Not only is it important to validate DHEA-S in different types of saliva collection
methods, but it also is important to understand how DHEA-S levels differ across sex and across
the day. DHEA-S levels show a life-time rhythm with values high at birth, a sharp decline
during the first year, a peak again in the mid 20-30s, and then a decline throughout the life span.
Males have higher levels of DHEA-S than do females (Orentreich, et al., 1984). Current
literature suggests that DHEA-S values are stable across the day due to a 10-12 hour renal
clearance rate (Hornsby, 1995; Goodyer, et al., 1996; for a review see Kroboth, et al., 1999).
However, another article suggests that DHEA-S has a rhythm during the day with serum levels
peaking in the afternoon around 1600 hrs (Zhao, et al., 2003).
DHEA-S typically is measured in blood serum, however, in order to measure DHEA-S in
response to a laboratory stressor, saliva collection is preferred. Blood collection in itself can be
considered a stressor which makes it difficult to delineate actual laboratory stress from the stress
of blood collection. Little is known about the impact of different saliva collection techniques on
DHEA-S assessment. The following two studies were conducted in order to examine the
viability of measuring DHEA-S in two types of saliva samples: 1) saliva collected via passive
drool and 2) saliva collected via the cotton salivette in a normal healthy human population of
young adult male and females. The first study examined salivary DHEA-S values in the morning
and in the evening to determine DHEA-S levels at two different time points across the day. The
second study specifically examined DHEA-S levels across a 90-min time period in the afternoon
when typical laboratory stressor studies begin. The reason for conducting these studies in the
afternoon is because this is when cortisol levels begin to decline (Smyth, et al., 1997). Typical
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stress studies begin in the afternoon when cortisol is in its daily decline period (Smyth, et al.,
1997) in order to attribute any rise in cortisol to the stressor and not just a product of the diurnal
rhythm of cortisol. Thus, we measured salivary DHEA-S in the typical time frame that cortisol
is measured to determine basal values of salivary DHEA-S across the same time period.

Study 1
Methods
Fifty-six (28 females and 28 males) participants between the ages of 18-30 (mean 21.77 ±
0.35 years) were recruited from The Pennsylvania State University Campus to take part in a 10minute lab session. Lab sessions were scheduled either between 0800-0900 hrs or 1600-1700
hrs. Each participant was asked to provide 2 saliva samples, one using a piece of straw to spit
into a Salivette® that has the cotton and plastic insert removed (passive drool) and one using the
Salivette® with the cotton swab device in place to collect saliva (Salivette®, Sarstedt, Newton,
NC). Following informed consent, participants were asked to think of their favorite food and,
using a straw, spit into a collection tube for 2 minutes. After the passive drool collection,
participants filled out a brief demographic survey that took approximately 5 minutes to complete.
This brief time interlude allowed a wash out period between passive drool and Salivette®
collection. The passive drool collection was taken first for all participants in order to minimize
cross contamination from the cotton Salivette® (Sarstedt, Newton, NC). Following the
demographic survey, participants placed a piece of cotton from a Salivette® (Sarstedt, Newton,
NC) in their mouths for 2 minutes. All tubes were weighed before and after saliva collection to
account for saliva volume (as per Harmon, et al., 2007). Participants were compensated $5.00
for their time. After both saliva samples were taken, collection tubes were placed in a -20 degree
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freezer and transferred to a -80 degree freezer within 24 hours for later assay. All procedures
were reviewed and approved by The Pennsylvania State University Institutional Review Board
(#21540).

Assay Procedure
All samples were brought to room temperature and spun for 5 minutes at 1500 x g to
separate mucin from clear saliva. Salivary DHEA-S levels were evaluated in duplicate with
sensitivity at 0.08 ng/mL by commercially available enzyme linked immunosorbent assay (EIA)
kits (DSL, Webster, TX; see Appendix A) in the core laboratory of The Pennsylvania State
University General Clinical Research Center. Samples were balanced across assay plates so that
each plate had the same number of morning/evening, male/female participants.

Statistical Analyses
Repeated-measures analysis of variance (RMANOVA) was used to determine differences
in “type” (passive drool vs Salivette®) of saliva collection. Time of day (i.e., morning vs.
evening participants) and sex were the independent variables, with levels of salivary DHEA-S
collected by passive drool (time 1) and Salivette (time 2) as the dependent variables. Further
analyses then were run to examine differences within each saliva collection type by performing
separate 2-way ANOVAs (with time of day and sex as independent variables) on the passive
drool collection and on the Salivette collection separately. Natural logarithmic transformations
were applied to the data because they were skewed; this transformation resulted in normal
distribution of the data. Transformed data were used for analyses. However, raw data are
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reported in Figure 1 for clarity. All tests were two-tailed and significance was determined at the
alpha = 0.05 value.

Results
DHEA-S levels were similar between passive drool and Salivette collection methods. As
expected, DHEA-S values among men were higher in both passive drool and Salivette saliva
samples compared to women [F(1,50)= 10.56, p<0.05] (see Figure 2). Further, DHEA-S values
were higher for both collection techniques in the morning compared to the afternoon [F(1,50)=
9.27, p < 0.05] (see Figure 1). There were no statistically significant two-way interactions
between saliva collection type and sex, saliva collection type and time of day, and no 3-way
interactions between saliva collection type, sex or time of day collected. Pearson productmoment correlation confirmed a significant positive correlation between DHEA-S levels
measured in passive drool and levels determined in saliva from the Salivette among all
participants [r(55)=+0.83, p < 0.001)]. Split by sex and time all four groups (i.e., morning male,
evening male, morning female and evening female) passive drool and Salivette collected DHEAS levels were also correlated within each group [(see figure 3) r(14) =+ 0.817; r(13) = +0.828;
r(13) = +0.953; r(15) = +0.952; p’s<0.001].
Saliva weights were not correlated with DHEA-S values, and were not significant
predictors of DHEA-S levels. Thus, saliva weights were not used as covariates in the above
analyses.

25

Figure 2. Average DHEA-S levels (ng/mL) (± SEM) collected by passive drool and Salivette®
in male and female participants.
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Figure 3. Average DHEA-S levels (ng/mL) (± SEM) collected by passive drool and Salivette®
in men collected in the morning (panel A) and in the late afternoon (panel B) and in
women collected in the morning (panel C) and in the late afternoon (panel D).
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Study 1 Conclusion
Results suggest that both Salivette® and passive drool collection result in similar DHEAS levels in the morning and late afternoon and among men and women. Post-hoc analyses were
run to determine any differences in correlations between each of the four groups (i.e., morning
males, evening males, morning females, and evening females). Despite several outliers (n = 16)
(i.e., 3 standard deviations above the mean) all correlations were statistically significant within
each of the four groups. Further, no differences could be detected in the demographics between
the outlier group and those within 3 standard deviations of the mean. Thus, the Salivette®
collection technique is an adequate collection method for determining DHEA-S in saliva.
Salivette® collection is a clean and easy method for collecting saliva, especially in field
collection studies for cortisol assessment (Strazdins, et al., 2005). Therefore, the results indicate
that field studies of daily cortisol that use the cotton Salivette® may reliably add DHEA-S
assessment to their protocols. Interestingly, results of this study also suggest that DHEA-S
values may not be stable across the day as typically assumed in the literature (Goodyer, et al.,
1996; Hucklebridge, et al., 2005). Further studies are needed to explore this potential time-ofday change in DHEA-S.

Study 2
Methods
Ten male and 10 female participants between the ages of 18-30 (mean 21.85 ± 0.62
years) were recruited via flyers from The Pennsylvania State University campus and surrounding
area. Participants arrived at the lab at 1300 hrs and, following informed consent, were asked to
provide two saliva samples, one via passive drool and one via Salivette®. Following the first

28
wet of saliva samples, participants remained seated quietly for 90-min. This 90-min time period
was chosen based on an average amount of time between “baseline” and “stress” sample
collections in laboratory-based stress studies to determine neuroendocrine responses to stress.
Participants were allowed to bring reading materials or homework to complete during this 90min rest period. Participants were asked to provide two more saliva samples at the end of the
rest period, one via passive drool the other via Salivette®. All tubes were weighed before and
after saliva collection to account for the amount of saliva taken (as per Harmon, et al., 2007).
Participants were compensated $10 for their time. After both saliva samples were taken at each
time point, collection tubes were placed in a -20 degree freezer and transferred to a -80 degree
freezer within 24 hours for later assay.

Assay Procedure
Samples were brought to room temperature and then spun for 5 minutes at 1500 x g to
separate mucin from clear saliva. Salivary DHEA-S levels were evaluated in duplicate with
sensitivity at 0.08 ng/mL by commercially available enzyme linked immunosorbent assay (EIA)
kits (DSL, Webster, TX; see Appendix A) in the core laboratory of The Pennsylvania State
University General Clinical Research Center. All samples were run on one plate.

Statistical Analyses
Paired t-tests were used to determine whether DHEA-S levels differed from the first
sampling time to the second sampling time. Paired t-tests were also used to determine
differences in DHEA-S values between saliva collected via passive drool versus saliva collected
via the cotton Salivette®. Independent t-tests were used to determine sex differences at each
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time point. Natural logarithmic transformations were applied to the data because they were
skewed; this transformation resulted in normal distribution of the data. Transformed data were
used for analyses. However, raw data are reported in Figure 2 for clarity. All tests were twotailed and significance was determined at the alpha = 0.05 value.

Results
Pearson product-moment correlation between the DHEA-S values collected via cotton
Salivette® at the first and second time point revealed a significant positive correlation [r(19) = +
0.914, p <0.05]. Paired T-test analysis revealed a significant difference between DHEA-S values
collected via cotton Salivette® measured at each time point (t = -2.10, p<0.05). DHEA-S values
were higher at the second time point (i.e., end of the 90-min rest period) compared to the first
time point (see Figure 4).
Independent t-test analyses were conducted at each time point to examine sex differences.
DHEA-S levels were similar between men and women at the first time point (t = 1.63, p = n.s.).
However, there was a significant main effect for sex at the second time point with DHEA-S
levels higher among males compared to females (t = 2.39, p <0.05).
Pearson product-moment correlation between the DHEA-S values collected via passive
drool at the first and second time point revealed a significant positive correlation [r(19) = +
0.821, p <0.05]. Paired T-test analysis revealed a significant difference between DHEA-S values
collected via passive drool measured at each time point (t = -4.70, p<0.05). DHEA-S values were
higher at the second time point (i.e., end of the 90-min rest period) compared to the first time
point (see Figure 5).
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Independent t-test analyses were conducted at each time point to examine sex differences.
DHEA-S levels were higher in men than in women at both time points (t = 2.63, p <0.05; t =
2.30, p<0.05).
Pearson product-moment correlation revealed a significant negative correlation between
DHEA-S levels in saliva collected via cotton Salivette® and saliva volume at the first and second
time points among all participants [r(19)= -0.63, p < 0.01 and r(19)= -0.51, p < 0.05,
respectively]. Pearson product-moment correlation revealed a significant negative correlation
between DHEA-S levels in saliva collected via passive drool for the first time point only [r(19) =
-0.83, p < 0.05). Thus, DHEA-S levels increased as saliva volume decreased within both
collection methods. Paired T-test analysis revealed a significant difference between saliva
weights at each time point. Specifically, saliva taken at the second time point weighed more than
did saliva taken at the first time point (t = -2.19, p <0.05).
Pearson product-moment correlations between DHEA-S values in saliva collected via
passive drool and Salivette® revealed a positive significant correlation at each time point [r(19)
=0.85, r(19) = 0.83, p’s <0.05].
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Figure 4. Average salivary DHEA-S levels (ng/mL) (± SEM) collected via cotton Salivette®
among male and female participants at baseline and following a 90-min rest period.
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Figure 5. Average salivary DHEA-S levels (ng/mL) (± SEM) collected via passive drool
among male and female participants at baseline and following a 90-min rest period.
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Study 2 Conclusion
Results suggest that salivary DHEA-S increases over a 90-min time period in the
afternoon. This result is also robust across different saliva collection methods. This increase
could be due to the participant’s ability to relax during the 90-min period, allowing time for an
increase in DHEA-S supply.
The lack of a sex difference at the first time point could be an artifact of the data in that
there were not enough participants to capture the difference, though the plots do seem to suggest
a trend toward the typical sex difference of males having higher levels of DHEA-S than do
females. Baseline stress levels were not measured and perhaps could have been used to explain
the lack of sex differences at the first time point.
Participants were given water to drink during the 90-min rest period, this could have been
the cause for the saliva weight differences between the first and second time points. Higher
saliva volumes may dilute DHEA-S concentrations which could be why there were significant
negative correlations between saliva volume and DHEA-S levels in both methods of saliva
collection.

General Conclusion
Taken together, these results provide a basis for interpreting salivary DHEA-S values in a
laboratory setting. Laboratory stress studies that are scheduled in the afternoon to optimize the
cortisol response often collect saliva via cotton Salivettes®. The present studies provide
evidence that collecting saliva in a cotton Salivette® is a valid method in which to measure
DHEA-S as well. Also, these studies provide a baseline examination of DHEA-S levels across
the day, between sex, and across a 90-min rest period in the early afternoon. DHEA-S levels
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have been thought to be stable across the day compared to DHEA due to its longer half life
(Orentreich, et al., 1984). However, the present results suggest that DHEA-S is higher in the
morning than in the afternoon, and the decrease in DHEA-S levels occurs either before 1300 hrs
or after 1430 hrs because during the 90-min rest period, DHEA-S levels increased.
Controversy still surrounds the type of collection device in regards to measuring
hormones in saliva. Specifically, there are two issues: 1) low saliva volume may result in falsely
low levels of hormones (Harmon, et al., 2007) and 2) blood contamination due to mucosal
fissures of saliva samples could falsely inflate hormone values (Shirtcliff, et al., 2001;
Kivilighan, et al., 2004; Gallagher, et al., 2006). Study 1 was designed to test the validity of
DHEA-S in the Salivette®, however we also measured saliva volumes in order to record any
differences in DHEA-S levels in lieu of the amount of saliva provided. For the first study, there
were no correlations between DHEA-S values and saliva weights. For the second study, there
were actually negative correlations in that DHEA-S values were higher in lower samples and
lower in higher volume samples. This finding is opposite of what Harmon and colleagues (2007)
found in regard to collection devices and low volumes of saliva. In their study, low volume of
saliva resulted in low levels of measurable cortisol. They conclude with a warning about the
assessment of other hormones in saliva. Specifically, they caution that low volumes of saliva
may produce non-representatively low volumes of hormones that can be measured in saliva
(Harmon, et al., 2007). Post-hoc analyses were run on study 2 by regressing saliva weights onto
DHEA-S values at each time point. The standardized residuals were saved, and subsequently
used in a paired-T analysis as well as repeated measures ANOVA. Results suggest no main
effect for saliva weight in the model, and there were no changes in the results stated above.

35
Though future studies should measure saliva volume to account for these possible discrepancies,
for the current studies, low volumes of saliva did not result in low DHEA-S values.
Though blood contamination was not measured specifically in the current studies,
previous studies in our lab have detected low levels of blood contamination in saliva samples
collected in the field and that they do not appear to impact DHEA-S values (Klein, Whetzel,
Bennett, & Almeida unpublished data).
Taken together, the current findings suggest that DHEA-S can be measured reliably in the
cotton Salivette®. However the current findings also suggest there is one major issue that future
research will need to address: in the current study DHEA-S levels were higher in the morning
than in the evening suggesting that levels are not constant through out the day. Current literature
is conflicted regarding whether or not DHEA-S has a daily rhythm (Orentreich, et al., 1984;
Hornsby, et al., 1995; Goodyer, et al., 1996; Zhao, et al., 2003; Hucklebridge, et al., 2005;
Patacchioli, et al., 2006). Specifically, Orentreich and colleagues (1984) and Hornsby and
colleagues (1995) published research on serum DHEA-S values at different times of the day and
also assessed the molecular specifics of DHEA and DHEA-S. Both established that DHEA-S
has a longer half life (i.e., 10-12 hours) compared to DHEA (i.e., 30 min) and based on the
longer half life, DHEA-S levels remain constant through out the day. Both Goodyer and
colleagues (1996) and Hucklebridge and colleagues (2005) chose to use DHEA instead of
DHEA-S in regards to measuring a daily rhythm and in relation to daily cortisol based on the
previous research of Orentreich and colleagues (1984) and Hornsby (1997). Zhao and colleagues
(2003) measured daily serum DHEA-S in an older population of Taiwanese men. They found
that levels were not constant through out the day, and that levels reached a peak in the afternoon
and dropped through the evening. Patacchioli and colleagues (2006) measured DHEA-S at 2
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time points (i.e., 800 hrs and 1000 hrs) in a population of women suffering from chronic
migraine headaches and healthy controls. They found that morning levels of salivary DHEA-S
were higher than evening levels (Patacchioli, et al., 2006). Results from Study 1 replicate the
findings from Patacchioli and colleagues (2006) by demonstrating that levels are higher in the
morning than they are in the evening. Results from Study 2 suggest that, despite the decline in
DHEA-S levels from morning to the late afternoon DHEA-S levels increased over a 90- min
period in the mid-afternoon for both collection methods. This stability in the afternoon of
DHEA-S levels serves as a control for Chapter 3 and 4 of this dissertation. Based on these
results, future studies should be designed to address whether or not DHEA-S has a diurnal
rhythm. A diurnal rhythm of DHEA-S levels could be relevant to daily fluctuations of other
hormones such as cortisol. At the very least, timing of DHEA-S sampling should be recorded
and taken into account when addressing DHEA-S values and how they relate to different disease
conditions. Because the majority of the current literature believes that DHEA-S is stable across
the day, only one measurement is taken to relate to different types of disease courses (i.e.,
cardiovascular disease, asthma, and dementia). However, the results of this current study along
with Patacchioli and colleagues (2006) suggest that DHEA-S levels differ across the day. Future
studies need to measure DHEA-S levels at the same time of day in order for the results to be
comparable across disciplines.
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CHAPTER III

DHEA-S RESPONSE TO A LABORATORY STRESSOR IN MEN AND IN WOMEN IN
DIFFERENT PHASES OF THE MENSTRUAL CYCLE
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Introduction
The majority of biobehavioral stress research has focused on the deleterious health effects
of stress-induced cortisol. Study results often are mixed and suggest that our understanding of
the damaging effects of cortisol, a catabolic (i.e., destructive metabolism) hormone, may be
better understood when studied in combination with anabolic (i.e., constructive metabolism)
hormones, such as dehydroepiandrosterone (DHEA), which can buffer the damaging effects of
cortisol (Kalimi, et al., 1994). DHEA and its sulfated form dehydroepiandrosterone sulfate
(DHEA-S) are two of the most abundantly circulating hormones in humans (Nieschlag, et al.,
1973; Montanini, et al., 1988). Both forms of DHEA are found in peripheral and central
circulation with the non-sulfated form crossing the blood brain barrier freely (Guazzo, et al.,
1996; Parker 1999; Auchus & Rainey, 2004). This hormone is similar to cortisol in that it is
released in response to ACTH stimulation as part of the HPA-axis, making it a potential
moderator of the HPA-axis response to stress (Roberts, 1999). This is where the similarities
between cortisol and DHEA end, however. Unlike cortisol, DHEA/DHEA-S levels decrease
with age ( Orentreich, et al., 1984; Hornsby, 1995; Hucklebridge, et al., 2005) and because
DHEA/DHEA-S is found to have effects in the central nervous system, elevated DHEA/DHEAS levels may increase mood and protect against depression and age-related diseases such as
cardiovascular and Alzheimer’s disease (Carlson & Sherwin, 1999; Carlson, Sherwin, &
Chertkow, 1999; Wolf & Kirschbaum, 1999). These ideas have lead to a hypothesis that
DHEA/DHEA-S acts in the body as an “anti-cortisol” hormone. Though DHEA does not affect
cortisol at the gluccocorticoid receptors, in vitro and in vivo studies have demonstrated that
DHEA levels alter active circulating cortisol as a result of similar binding affinity for 11Bhydroxysteroid dehydrogenase type 1 (11B-HSD1) receptor which is responsible for converting
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the non-active form of cortisol, cortisone, into the active form (Muller, Hennebert, & Morfin,
2006). This binding in turn helps to reduce circulating active forms of cortisol in peripheral
blood flow and, as a result, could lead to a reduction of chronically elevated cortisol levels due to
stress.
Although DHEA/DHEA-S may act as a buffer against the health-damaging effects of
stress-induced cortisol, little is known about the effects of stress on circulating levels of
DHEA/DHEA-S in normal human populations. To date few articles assess values of DHEA-S
pre and post stress (Morgan, et al., 2004; Gomez-Merino, et al., 2005; Bouget, et al., 2006).
Although Morgan and colleagues (2004) evaluate DHEA-S levels in relation to cortisol, they use
an extreme form of stress (i.e., intense military survival training) and measure DHEA-S at
baseline- during classroom training, stress – 5 days after the start of training and after an intense
interrogation simulation which included 8 hours of sleep and food deprivation, and then again at
recovery – 24 hours after the interrogation simulation. Gomez-Merino and colleagues (2005) use
military stress in a similar approach. Military training stress involves not only physiological
stress (i.e., sleep deprivation, food deprivation etc) but psychological stress as well (i.e.,
interrogation, duress) making it hard to ascertain how DHEA-S levels would respond to acute
psychological stress. Bouget and colleagues (2006) use exercise training in female cyclists over
a four day period to assess DHEA-S levels before and after an intense increase in training. All
three models of acute stress report that DHEA-S increases in response to their respective
stressors. Despite these models of acute stress in specific populations, little is known about the
effects of laboratory stress on DHEA/DHEA-S levels in a normal population. Understanding
how DHEA-S responds to acute stress in a normal population will provide insight into the
anabolic/catabolic hormone balance and ultimately help to clarify the mechanism of how
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negative chronic stress effects are buffered by some individuals. The purpose of this current
study was to determine how DHEA-S levels respond (whether increases, decreases or stays the
same) to a laboratory stressor in young healthy men and women.

Methods
Participants
Thirty-six healthy women and 20 men, 18-30 years of age (mean 21.05 + 0.37 years), were
recruited to participate in a study examining hormonal responses to challenge. Potential
participants were recruited through advertisements in the local newspaper, and flyers posted in
the local community and on The Pennsylvania State University campus. A trained research
assistant interviewed potential participants over the telephone to review their health history. The
telephone questionnaire was used to help determine eligibility for participation in the study (see
Appendix B). Specifically, the telephone interviewer asked potential participants questions that
document significant health problems and the use of medications or drugs that may affect
interpretation of neuroendocrine or cardiovascular data, including: a history of smoking, angina,
arrhythmia, medications for blood pressure, diagnosed insulin-dependent diabetes, beta-blocker
medication use, inhaled beta agonist use, history of stroke or other focal brain lesion, or a history
of other neurological disorders. Likewise, anyone on oral or injected corticosteroids within three
months, or with a diagnosed history of depression was excluded. No individuals using
psychotropic medications within the previous eight weeks or with psychiatric hospitalization
within the past year were included, as were individuals with severe obesity (greater than 140% of
ideal body weight). This body weight exclusion was determined by body mass index (BMI;
weight/height2) as given by the individual over the telephone. Due to dramatic neuroendocrine
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changes associated with pregnancy, women who reported that they may be pregnant or who were
attempting to get pregnant also were excluded. In addition, women with a partial or complete
hysterectomy, tubal ligations, history of menstrual irregularities (e.g., non-predictable menstrual
cycles), and women who have been pregnant or lactating within the past 12 months were
excluded from the study. Finally, no women using birth control pills were included in the study.
Women came to the laboratory during the late luteal (N=19) or follicular (N=17) phase of their
menstrual cycle. Specifically, once a potential participant was interviewed by telephone,
participant eligibility was confirmed, and the next onset of the luteal and follicular phases was
determined by self-reported date of last menstrual period. Baseline blood samples were assayed
for progesterone (P) and estradiol (E2) levels to confirm menstrual cycle phase [see Appendices
C and D, respectively, for assay details]. One-way analysis of variance (ANOVA) revealed a
significant difference in P levels between luteal (17.47 ± 3.29 ng/mL) and follicular (4.40 ± 0.82
ng/mL) groups [F(1,35) = 13.41, p<0.05] with luteal phase values of P higher than follicular
phase values of P as expected. One- way ANOVA also revealed a significant difference in E2
levels between luteal (123.69 ± 21.49 pg/mL) and follicular (49.31 ± 6.13 pg/mL) groups
[F(1,35) = 10.03, p <0.05] with luteal phase values of E2 once again higher than follicular phase
E2 values as expected. Together, these data confirm that women came to the lab in the
appropriate phase of the menstrual cycle.
Weight and height were measured for each participant at the beginning of the laboratory
session and body mass indices calculated. Mean BMI did not differ across experimental groups
(i.e., cycle phase groups- men, women in the follicular phase and women in the luteal phase) (see
Table 1). Seventy one percent of the participants were Caucasian (N=40), 7% were African
American (N=4), 7% were Asian (N=4), 3.5% were Hispanic (N=2), and 10.7% were self-
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described as “other” (N=6). All but 1 participant were high school graduates; 78% had some
college education, and 22% of the participants had more than a college education.

Experimental Design
Eligible participants arrived at The Pennsylvania State University General Clinical
Research Center at 1300 hrs and were met by a trained research assistant who first obtained
informed consent (see Table 2 for timeline of experiment). Next participants briefly were
interviewed by a certified nurse practitioner to confirm their health status and study eligibility.
Participants were then asked to complete several mood questionnaires [i.e., Speilberger StateTrait Anxiety Inventory (STAI), mood (Symptoms Check List, SCL-90), Profile of Mood States
(POMS)], and hostility (Cook-Medley Hostility Scale) results reported elsewhere]. Following
completion of the questionnaires, a standard blood pressure cuff was placed on the participant’s
dominant arm, and a trained nurse inserted an indwelling catheter in the non-dominant arm using
standard antiseptic techniques.
After a 10-minute acclimation period, participants were asked to sit quietly for 15 minutes
while 5 baseline blood pressure readings were taken automatically (Dinamap compact blood
pressure monitor, Critikon, Tampa, FL). Next, a blood sample (20cc) was drawn and
participants were asked to give a saliva sample using a cotton Salivette® (Sarstedt, Inc., Newton,
NC).
Next, participants were asked to undergo the Trier Social Stress Task (Kirschbaum, Pirke,
& Hellhammer, 1993) that consisted of preparing a 3 ½-minute speech, which they were told
would be recorded on videotape for later observation by a panel of psychologists. In the speech,
they discussed a personal failure that had a negative consequence on their life. Participants were
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given 10 minutes to prepare the speech, and then they took 3 ½ minutes to deliver the speech in
front of a video camera. No recording actually was made of the speech and participants were
debriefed about this deception at the completion of the laboratory session. Following the speech,
participants were asked to complete a serial subtraction task across a 15-minute period (i.e.,
counting backwards by 7’s and then by 13’s). This challenge session took 30 minutes to
complete.
In addition to the baseline measures, neuroendocrine responses to the challenge protocol
were taken 15 minutes following completion of the serial subtraction task, and 60 minutes later
to measure recovery. At each time point 20cc of blood was drawn and participants gave a saliva
sample via cotton Salivette®. Blood pressure was recorded every 2 minutes throughout the
challenge and recovery periods. Participants also were asked to complete several post-task
measures of mood at the end of the study. Participants were paid $30 for their time, following
removal of the catheter and debriefing about the video-taping procedure. All procedures were
reviewed and approved by the Pennsylvania State University Institutional Review Board
(#00M0314).

Blood and Saliva Sample Handling
Blood was drawn into separate collection tubes that contained either no additive, for preparation
of serum, or chilled ethylenediaminetetraacetic acid (EDTA) for preparation of plasma. Serum
tubes were allowed to sit at room temperature for 15 minutes before centrifugation (1500 x g at
4°C for 15 minutes). EDTA tubes were immediately centrifuged at 1500 x g at 4°C for 15
minutes. Following centrifugation, plasma and serum were immediately aliquoted into 500 uL
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microtubes and frozen at –80 °C for later assay. Saliva samples immediately were placed on ice
and then frozen at –80 °C for later assay.

Assay Procedure for Saliva Samples
Saliva samples were brought to room temperature and then spun for 15 minutes at 1500 x g to
separate mucin from clear saliva. Salivary DHEA-S and cortisol levels were evaluated in
duplicate with sensitivity at 0.08 ng/mL and 0.011 μg/dL (respectively) by commercially
available enzyme linked immunosorbent assay (EIA) kits (DSL, Webster, TX; see Appendices A
and E for EIA procedures) in the core laboratory of the Penn State University General Clinical
Research Center. All samples were tested in duplicate in a single assay batch. All plates were
balanced by cycle phase (male, female: luteal, follicular). Duplicate test values that varied by
more than 5% error were subject to repeat testing. The average of the duplicate tests is reported.

Assay Procedure for Serum Samples
Serum samples were brought to room temperature and then vortexed briefly in order to ensure
uniformity through out the sample. Serum DHEA-S and cortisol levels were evaluated in
duplicate with sensitivity at 0.005 μg /mL and 0.10 μg/dL (respectively) by commercially
available enzyme linked immunosorbent assay (EIA) kits (DHEA-S: ALPCO, Salem, NH; see
Appendix F; Cortisol: DSL, Webster, TX; see Appendix G) in the core laboratory of the Penn
State University General Clinical Research Center. All samples were tested in duplicate in a
single assay batch. All plates were balanced by cycle phase (male, female: luteal, follicular).
Duplicate test values that varied by more than 5% error were subject to repeat testing. The
average of the duplicate tests is reported.
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Blood Pressure Determination
Blood pressure was averaged for baseline, stress and recovery. Average baseline systolic (SBP)
and diastolic blood pressure (DBP) along with baseline heart rate (HR) were calculated by taking
the average of 6 measurements taken every 2 minutes during the baseline resting period in the
beginning of the laboratory session. Stress SBP, DBP and HR were calculated by averaging the
6 readings collected during speech preparation, 2 readings collected during the speech delivery
and the 7 recordings collected during the math task. Likewise, recovery SBP, DBP and HR were
calculated by averaging the 12 readings taken every 5 minutes during the recovery period at the
end of the laboratory session.

Statistical Analyses
Repeated-measures analysis of variance (RMANOVA) for three time points (baseline, stress and
recovery) with cycle phase as the independent variable were used to determine changes in
multiple dependent variables: salivary and serum DHEA-S values, salivary and serum cortisol
values, the ratio between DHEA-S and cortisol (D/C), SBP, DBP, HR and self-reported stress.
Separate ANOVAs at each time point were used to distinguish any cycle phase effects. DHEA-S
and cortisol values were significantly skewed, thus all values were natural log transformed (LN)
to create a normal distribution. LN values were used in the statistical analyses, whereas raw data
values are graphed for clarity. DHEA-S and cortisol values were also converted to nmol/L in
order to calculate the D/C ratio. Conversion factors are ug/dL x 27.59 for cortisol and ng/mL x
2.71 for DHEA-S. All statistical analyses were two-tailed with an α = 0.05. Tukey’s b post-hoc
analyses were used when appropriate to explore statistically significant interactions.
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Results
Stressor Confirmation
Systolic Blood Pressure. Figure 6 presents the mean systolic blood pressure (SBP) for men and
for women in the luteal and follicular phases of the menstrual cycle during baseline, stress and
recovery. There was a main effect for time [F(2,106)= 210.77, p<0.05] and a marginal time by
cycle phase interaction [F(4,106)= 2.45, p=0.05]. Separate one-way analysis of variance
(ANOVA) at each time point revealed a significant difference in baseline and recovery time
points for cycle phase [F(2,55) =6.53, p<0.05, and F(2,55)= 4.61, p<0.05 respectively] with men
displaying significantly higher baseline SBP levels than did women in either the luteal or
follicular phase of the menstrual cycle. Men also had higher SBP levels during recovery than did
women in the follicular phase but had similar levels as did women in the luteal phase. Women in
the luteal phase did not recover back to baseline levels F(1,18) = 6.0, p <0.05].

Diastolic Blood Pressure. Figure 7 presents mean diastolic blood pressure (DBP) for men and for
women in the luteal and follicular phases of the menstrual cycle during baseline, stress and
recovery. DBP changed significantly over time [F(2,106)=211.14, p<0.05] such that DBP
increased from baseline to stress and decreased from stress to recovery. Recovery DBP returned
to baseline levels among females in the follicular phase only [F(1,16) = 3.51, p = n.s.]. Women
in the luteal phase and men did not recover back to baseline levels [F(1,18) = 16.40, p <0.05, and
F(1,19) = 21.78, p<0.05, respectively]. There were no time by cycle phase interactions.

Heart Rate. Figure 8 presents mean heart rate (HR) for men and for women in the luteal and
follicular phases of the menstrual cycle during baseline, stress and recovery. There was a main
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effect for time [F(2,106)= 148.12, p<0.05]. There also was a time by cycle phase interaction
[F(4,106)= 2.77, p<0.05].
Separate RM-ANOVAs were conducted to determine the source of the time by cycle
phase interaction. Results indicated that heart rate decreased from stress to recovery [F(1,53)=
169.04, p<0.05] and that there was a significant time by cycle phase interaction [F(2,53)= 5.12,
p<0.05]. Specifically, heart rate among women in the luteal phase of the menstrual cycle did not
return to baseline compared to women in the follicular phase or men.

Self-Reported Stress. Figure 9 presents mean self-reported stress among participants (7 pt Likert
Scale of mood assessment: 1 being not at all stressed and 7 being very much stressed; see
Appendix H). There was a significant main effect for time [F(2,102) = 23.14, p<0.05], with selfreported measures increasing during stress and decreasing during recovery [F(1,51) = 23.93, p <
0.05]. There also was a significant time by cycle phase interaction [F(4,102) = 2.59, p<0.05].
Specifically, women in both cycle phases reported higher stress levels during the stressor than
did males (p < 0.05).

Neuroendocrine Markers
Serum/Saliva Correlations for Cortisol. Pearson product-moment correlations between serum
and saliva cortisol were conducted at baseline, stress and recovery for all participants. Average
serum and saliva cortisol values were positively significantly correlated (r = +0.61, p<0.05).

Salivary Cortisol. Figure 10 presents mean salivary cortisol values for men and for women in
the luteal and follicular phases of the menstrual cycle during baseline, stress and recovery. There

51
was a main effect for time [F(2,104) = 9.92, p<0.05]. Salivary cortisol values decreased in a
linear fashion across all 3 time points. There was no time by cycle phase interaction [F(4, 104) =
n.s.]. There also was a main effect for cycle phase [F(2,52) = 4.71, p<0.05]. Post hoc analysis
revealed that salivary cortisol values for women in the luteal phase were lower than men or
among women in the follicular phase of their menstrual cycle.

Serum Cortisol. Figure 11 presents the mean serum cortisol values for men and for women in
the luteal and follicular phases of the menstrual cycle during baseline, stress and recovery. There
was a main effect for time [F(2,102)= 9.55, p<0.05]. Cortisol values decreased in linear fashion
across all 3 time points. There was no time by cycle phase interaction [F(4,102)= n.s.]. There
also was a main effect for cycle phase [F(2,51) = 8.34, p <0.05]. Post hoc analysis revealed that
salivary cortisol values among women in the luteal phase were lower than cortisol values among
men. However, there were no significant differences in cortisol values between women in the
luteal or follicular phases. Women in the follicular phase of the menstrual cycle also had
salivary cortisol levels that were similar to men.

Serum/Saliva Correlations for DHEA-S. Pearson product-moment correlations between serum
and saliva DHEA-S were conducted at baseline, stress and recovery for all participants. Average
serum and saliva DHEA-S values were significantly positively correlated (r = +0.62, p <0.05).

Salivary DHEA-S. Figure 12 presents salivary DHEA-S levels for men and for women in the
luteal and follicular phases of the menstrual cycle during baseline, stress and recovery. There
was a significant main effect for time [F(2,104)= 3.17, p<0.05] and a time by cycle phase
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interaction [F(4,104)= 2.54, p<0.05]. Specifically, DHEA-S levels dropped from baseline to
stress [F(1,53) = 6.58, p<0.05] and increased significantly through recovery for the luteal phase
women only [F(2,36) = 8.05, p<0.05]. There was no main effect for cycle phase. Salivary
DHEA-S decreases in response to stress for all groups and trends towards returning to baseline
values with the exception for the luteal phase females whose DHEA-S values return to above
baseline values [F(1,18) = 4.51, p<0.05].

Serum DHEA-S. Figure 13 presents serum DHEA-S values for men and for women in the luteal
and follicular phases of the menstrual cycle during baseline, stress and recovery.
Similar to the salivary DHEA-S, there was a significant main effect for time [F(2,102)= 4.134,
p<0.05] and a time by cycle phase interaction [F(4,102)= 3.48, p<0.05]. Specifically, following
the same pattern as salivary DHEA-S, serum DHEA-S values dropped from baseline to stress
[F(1,52) = 7.29, p<0.05] and increased significantly through recovery for the luteal phase women
only [F(2,34) = 3.29, p<0.05]. Serum DHEA-S values for men continued to decrease across all 3
time points [F(2,36) = 5.65, p <0.05]. Men had higher DHEA-S levels at baseline and during the
stressor than did women in the follicular phase of the menstrual cycle [F(1,51) = 4.20, p<0.05].
Serum DHEA-S values decreased in response to stress for all groups and continued to decrease
through recovery for men only. DHEA-S values returned to baseline levels among women in the
luteal phase of the menstrual cycle [F(1,17) = 1.40, p = n.s.].

Salivary DHEA-S/Cortisol Ratio. Figure 14 presents the salivary DHEA-S/cortisol (D/C) ratio
for men and for women in the luteal and follicular phases of the menstrual cycle during baseline,
stress and recovery. There was a main effect for time for the (D/C) ratio [F(2,104) = 10.15, p<
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0.05]. Specifically, the D/C ratio was similar from baseline to stress (p = n.s.) and then increased
from stress to recovery for all groups [F(1,52) = 16.55, p < 0.05]. There was no main effect for
cycle phase and no time by cycle phase interactions.

Serum DHEA-S/Cortisol Ratio. Figure 15 presents the serum DHEA-S/cortisol (D/C) ratio for
men and for women in the luteal and follicular phases of the menstrual cycle during baseline,
stress and recovery. There was no main effect for time, and no time by cycle phase effect.
However, there was a main effect for cycle phase [F(2,51) = 3.47, p <0.05]. Post hoc analyses
revealed that women in the luteal phase and men had a higher serum D/C ratio than did women
in the follicular phase of their menstrual cycle.
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Table 1: Age and body mass index (BMI; kg/m2) among men and women in the luteal and
follicular phase of the menstrual cycle (means ± SEM).

Age (± SEM) years
BMI (± SEM) (kg/m2)

Male
(N = 20)
21.00 ± 0.72
23.81 ± 0.74

Female- Luteal
(N = 19)
20.21 ± 0.30
23.17 ± 0.64

Female- Follicular
(N = 17)
22.06 ± 0.76
23.23 ± 0.80
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Table 2: Experimental timeline.

Baseline Period
75 Minutes

15

Informed
Consent
Health

45

Insertion of
catheter

Baseline Self
Report Measure
“Stress”

Stress Period
30 Minutes

55

30

70

Baseline Blood
Draw and
Saliva
Baseline
SBP, DBP,
HR

Recovery Period
60 Minutes

15

Stress Self
Report
Measure

TSST
SBP, DBP, HR

20

55

Recovery
SBP, DBP, HR

Stress Blood
Draw and
Saliva

Recovery
Blood Draw
and Saliva,
Self Report
Measure
“Stress”
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Figure 6. Average systolic blood pressure (mmHg) (± SEM) for men and for women in the
luteal and follicular phase of the menstrual cycle during baseline, stress and recovery.
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Figure 7. Average diastolic blood pressure (mmHg) (± SEM) for men and for women in the
luteal and follicular phase of the menstrual cycle during baseline, stress and recovery.
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Figure 8. Average heart rate (beats/minute) (± SEM) for men and for women in the luteal and
follicular phase of the menstrual cycle during baseline, stress and recovery.
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Figure 9. Average level of self-reported stress (± SEM) for men and for women in the luteal
and follicular phase of the menstrual cycle during baseline, stress and recovery.
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Figure 10. Average salivary cortisol levels (nmol/L) (± SEM) for men and for women in the
luteal and follicular phase of the menstrual cycle during baseline, stress and recovery.
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Figure 11. Average serum cortisol levels (nmol/L) (± SEM) for men and for women in the luteal
and follicular phase of the menstrual cycle during baseline, stress and recovery.
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Figure 12. Average salivary DHEA-S levels (nmol/L) (± SEM) for men and for women in the
luteal and follicular phase of the menstrual cycle during baseline, stress and recovery.
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Figure 13. Average serum DHEA-S levels (nmol/L) (± SEM) for men and for women in the
luteal and follicular phase of the menstrual cycle during baseline, stress and recovery.
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Figure 14. Average salivary DHEA-S/cortisol levels (± SEM) for men and for women in the
luteal and follicular phase of the menstrual cycle during baseline, stress and recovery.
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Figure 15. Average serum DHEA-S/cortisol levels (± SEM) for men and for women in the luteal
and follicular phase of the menstrual cycle during baseline, stress and recovery.
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Discussion
The purpose of this study was to measure salivary and serum DHEA-S and cortisol levels
in response to stress in men and in women in different phases of the menstrual cycle (i.e., luteal,
follicular). To our knowledge this is the first study to report that both salivary and serum
DHEA-S levels drop in response to an acute laboratory stressor.
Cardiovascular measures confirmed that the stressor was effective with significant
elevations in systolic blood pressure (SBP), diastolic blood pressure (DBP) and heart rate (HR).
These results are consistent with typical cardiovascular responses to an acute laboratory stressor
(al’Absi, et al., 1995; al’Absi, et al. 1997; al’Absi & Wittmers, 2003; Kudielka, et al., 2004).
Cardiovascular responses to stress differed across the menstrual cycle. Specifically, SBP, DBP
and HR levels among women in the follicular phase of the menstrual cycle returned to baseline
but they remained elevated among women in the luteal phase. These findings are inconsistent
with reports that women in the luteal phase of the menstrual cycle have blunted cardiovascular
responses to stress, possibly due to circulating estrogen levels (Kajantie & Phillips, 2006). There
is no current research to explain a lack of recovery effect in cardiovascular measures for women
in the luteal phase of the menstrual cycle. Men had higher SBP at baseline and recovery than did
women in either cycle phase, which is consistent with earlier reports in the literature (Girdler &
Light, 1994; Lawler, et al., 1995).
Cortisol results were less clear in that both serum and salivary cortisol levels decreased in
response to stress. This result is contrary to previously reported studies in the literature that
report an increase in cortisol in response to the Trier Social Stress Task (TSST) (Dickerson &
Kemeny, 2004; Kirschbaum, et al., 1995). To explore this result further, the salivary cortisol
data were split into cortisol responders and non-responders as per Kunz-Ebrecht and colleagues
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(2003), and repeated measures analysis of variances were run with cortisol response group and
cycle phase as the independent variables. The self-reported stress, cardiovascular measures and
salivary and serum DHEA-S levels did not differ by cortisol response group, nor were there any
statistically significant interactions. These results also were similar for serum cortisol. When the
participants were reclassified into “increaser”, “decreaser” or “stable” cortisol responders as per
Susman and colleagues (1997), there also were no main effects or interactions for cortisol
response group on any of the dependent variables. Recent research by Roy (2004) suggests that
a lack of increase in salivary cortisol response to a laboratory stressor could be the result of
experiencing recent stress outside of the lab. Specifically, firefighters who had experienced
more stress in the past week did not show a salivary cortisol increase in response to the TSST
(Roy, 2004). To explore these results further, statistical analyses were conducted on a perceived
stress questionnaire (Perceived Stress Scale; Cohen, et al., 1983) that participants filled out
during their laboratory session to provide a baseline for current stress levels to measure if daily
stress might have affected these cortisol results (see Appendix I). The Perceived Stress Scale
contained questions regarding how the participant felt in the last month regarding items such as
how stressed they felt, how they were able to cope with situations, and how under control they
felt (Cohen, et al., 1983). One-way ANOVAs were run with cortisol responder group as the
independent variable and total perceived stress as the dependent variable. There were no
statistically significant differences in levels of perceived stress between different cortisol
responders. It could be that the college population from where the participants were recruited
did not differ in their daily stress levels and that any increase or decrease in cortisol levels in
response to the TSST was due to individual differences in cortisol reactivity when already under
a certain amount of stress. It could also mean that the TSST is not effective stressor for this
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population. However, serum cortisol was significantly positively correlated with baseline, stress
and recovery SBP, and baseline and stress DBP (r’s < +0.37, p’s < 0.05), and salivary cortisol
was correlated with baseline and stress SBP and with stress DBP (r’s < +0.31, p’s <0.05). These
findings suggest that stress-induced cardiovascular changes are associated with cortisol levels
during a stressor. Further studies are needed across different types of stressors to help delineate
the contexts under which cortisol may or may not change in response to stress.
The novel finding in this study was the reduction in DHEA-S levels in response to the
TSST. Specifically, our study demonstrated that DHEA-S decreased from baseline to stress.
This stress-induced DHEA-S decrease was replicated in both serum and saliva. There have been
no published data to date on DHEA-S values in response to an acute laboratory stressor. DHEAS levels measured in saliva have been in question due to the purported low correlation between
serum and saliva (Lac, et al., 1993). However, our results do coincide with Krause and
colleagues (2002) who demonstrated a significant correlation between serum and saliva DHEA-S
levels. Not only were serum and saliva levels of DHEA-S significantly correlated, but both
values also dropped in response to acute stress. In regard to the influence of cycle phase on
DHEA-S responses to stress, only DHEA-S levels for women in the luteal phase of the menstrual
cycle returned to baseline levels. This increase in DHEA-S values for the women in the luteal
phase of the menstrual cycle could be due to DHEA-S having a greater protective effect on
neuroendocrine stress recovery than on cardiovascular reactivity provided or that estradiol and
progesterone affect cardiovascular and neuroendocrine measures differently in response to stress
(Taylor, et al., 2000). Previous reports have revealed that DHEA-S is stable across menstrual
cycle phases (Salonia, et al., 2008). This is the first study to show a strong recovery effect in
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DHEA-S values for women in the luteal but not follicular phase of the menstrual cycle in
response to an acute laboratory stressor. Further studies are needed to confirm this finding.
Menstrual cycle phase variation in levels of DHEA-S need to be interpreted in light of the
close tie between DHEA-S and testosterone production. Testosterone (T) has been found to
increase in response to acute challenge stress for men (for a review see Chichinadze &
Chinchinadze, 2008). DHEA-S decrease could be directly related to the increase in testosterone
levels because DHEA-S is a precursor and essentially a reservoir for testosterone and other sex
steroid production (Roberts, 1999). However this connection is speculative because the increase
of T in response to acute stress is consistent only in men, and DHEA/S is a precursor for only
50% of T production in men as well, leaving the other half of T production highly dependent on
individual factors separate from DHEA/S (Kroboth, et al., 1999). Measuring DHEA-S may
provide a more universal measure of adrenal function and androgen production than measuring T
alone. More research is needed, however, to explore these neuroendocrine relationships further.
The ratio of DHEA-S/cortisol (D/C) was calculated to express the relationship in the
balance of these adrenal hormones in response to stress (Hechter, et al., 1997, Morgan, et al.,
2004). Higher D/C ratios have been postulated to have protective effects on cortisol potentiated
diseases (i.e., osteoporosis, diabetes) (Hechter, et al., 1997). Because of the lack of cortisol
increase in response to stress, the significance of calculating the ratio in response to acute stress
is hard to determine. Overall, salivary and serum cortisol and DHEA-S values performed in a
similar matter in response to stress, however, because of several differences in cycle phase
interactions, the ratios for D/C in serum and saliva produced different results. In saliva, the D/C
ratio had a main effect for time with values decreasing from baseline to stress and increasing
from stress to recovery. In serum, there was no main effect for time. It appears that the assay for
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serum cortisol and DHEA-S demonstrated a higher average co-efficient of variance, resulting in
a wider range in hormone levels which could be the reason for the lack of clear time effects when
calculating the D/C ratio.
Taken together, the present results suggest that DHEA-S is a valid measure in saliva due
to a significant correlation with serum levels and the fact that serum and saliva DHEA-S
performed in a similar matter in response to acute stress. This is the first study to examine
DHEA-S levels in response to an acute stressor in male and female participants. Previous studies
of serum DHEA-S levels in response to stress have shown an opposite effect. Morgan and
colleagues (2004) demonstrated that DHEA-S levels increased to a prolonged psychological and
physiological stress in men undergoing intense military training. Gomez-Merino and colleagues
(2005) and Bouget and colleagues (2006) both found that DHEA-S increased after intense
physical and mental stress in men and women. The discrepancy between the current study and
previous reports may revolve around the length and type of stressor. Perhaps in an acute stress
setting DHEA-S levels decrease, but after a longer period of stress, DHEA-S would increase to
help counter the high levels of cortisol. DHEA-S has been shown to have antiglucocorticoid
effects in certain elements of Cushing Syndrome, a product of overactive cortisol, without
affecting the anti-inflammatory response of cortisol (Hechter, et al., 1997). In this manner,
DHEA-S and cortisol intertwine in a delicate manner, the extent to which is still unknown. The
data presented here are inconclusive in describing an uncoupling or coupling effect between
DHEA-S and cortisol in regard to a stress response. Future studies should assess the time course
of DHEA-S levels through a recovery period to determine if DHEA-S levels return to baseline
for males and females. Future studies should also explore whether or not DHEA-S and cortisol
respond to different types of stressors (i.e., psychological vs. physical) in different ways.
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Not only was this the first study to demonstrate that DHEA-S levels decrease in response
to stress, but the findings illustrate that DHEA-S levels recover back to baseline levels for
women in the luteal phase of the menstrual cycle. Recovery effects of DHEA-S in response to
stress could have major health consequences in that a quicker rebounding of DHEA-S levels
could correlate to over all positive adrenal health and a lower risk of developing cortisol
potentiated diseases (i.e., osteoporosis, diabetes). A slower recovery response of DHEA-S levels
to stress could be indicative of a dysfunction in the adrenal cortex which could even predict a
greater risk for cardiovascular disease. DHEA-S has been shown to be an overall marker of
cardiovascular disease risk, lower levels of DHEA-S are correlated with increase in
cardiovascular disease risk, higher levels of DHEA-S are associated with a decrease in
cardiovascular disease risk (Barrett-Connor, et al., 1986). This relationship is merely speculative
and more research needs to address DHEA-S level recovery response and cardiovascular disease.
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CHAPTER IV

DHEA-S RESPONSE TO AN ACUTE PSYCHOLOGICAL AND PHARMACOLOGICAL
STRESSOR IN HEALTHY YOUNG MEN
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Introduction
Caffeine is the most widely consumed psychoactive stimulant in the world, mainly in the
forms of coffee and tea (James, 1997). Caffeine stimulates the central nervous system by acting
as a non-selective antagonist at adenosine receptors in the brain. This binding leads to an
increase in awareness and a decrease in sedation (Biaggioni, et al., 1991; Carter, et al., 1995;
Franchetti, et al., 1994; LeBlanc & Soucy, 1994). Caffeine consumption, through coffee and tea,
has been linked to an increase in cardiovascular disease risk (for a review see Rodrigues &
Klein, 2006). Laboratory-based research has shown that moderate to high levels of caffeine
administration increases cortisol and catecholamine production (Lovallo, et al., 1996; al’Absi, et
al., 1998), and as a result, caffeine could be considered a pharmacological stressor. How
caffeine directly affects cortisol production has yet to be determined, but several studies have
shown that caffeine increases adrenocorticotropin releasing hormone (ACTH) at the pituitary
level (Lovallo, et al., 1996).
Dehydroepiandrosterone (DHEA) and its sulfate, DHEA-S, are the most widely
circulating hormones in the human body. Similar to cortisol, DHEA/DHEA-S is released from
the adrenal cortex and stimulated by adrenocorticotrophin releasing hormone (ATCH). However,
unlike cortisol, DHEA/DHEA-S shows a sharp rise in circulating levels in puberty, peaking
during the mid 20’s and then declining through old age (Thijssen & Nieuwenhuyse, 1999). This
time course has led to research focusing on DHEA/DHEA-S roles in diseases of aging. There
are sex differences in DHEA/DHEA-S levels, with males typically having higher levels of
peripheral DHEA/DHEAS than do females (Roberts, 1999; Thijssen & Nieuwenhuyse, 1999).
Though not the primary source of these androgens, DHEA/DHEA-S plays a critical role in the
formation of testosterone in males and estrogen in females (Keymolen, Dor, & Borkowski,
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1976). Not only is DHEA/DHEA-S found in peripheral circulation, but it also affects the brain
as an active neurosteroid. For example, DHEA/DHEA-S is a GABA-A antagonist and an
NMDA agonist, both of which have an excitatory effect on the brain, and extremely high or
extremely low DHEA/DHEA-S levels may be involved in the development of depression and
anxiety (Assies, et al., 2004; Kaminska, et al., 2000; Wolf & Kirschbaum, 1999). Higher levels
of DHEA/DHEA-S also appear to have positive health effects including protective effects in
heart disease, memory enhancement, and improved mood (Nafzinger, Herrington, & Bush, 1991;
Wolf, 2003; Vallee, Mayo, & Le Moal, 2001; Friess, et al., 2000; Davis, et al., 2008). These
positive health effects are perhaps ascertained through DHEA/DHEA-S anti-glucocorticoid
actions in the brain and in peripheral circulation (Muller, Hennebert, & Morfin, 2006). The role
that DHEA-S may play in mediating the negative health effects of stress is unknown at this time
and little research is available regarding the effects of acute stressors on DHEA-S responses
among healthy individuals.
DHEA and DHEA-S functionally represent similar outcome measures and can both be
measured in blood, however salivary DHEA-S can be measured in a cotton swab Salivette®,
whereas DHEA can only be measured in a passive drool form of collection for saliva. Studies in
our lab indicate that there are no statistically significant differences in DHEA-S collected via
ether saliva collection method (Whetzel, Granger, et al., 2006; also see Chapter 2).
DHEA-S has also been shown to be stimulated by an acute ACTH challenge (Scott, Svec,
& Dinan, 2000). However, the specific time course of DHEA-S release in response to acute
stress has not been studied. It would be valuable to know if a pharmacologic stressor amplified
this decrease in DHEA-S levels. Previously, our lab has demonstrated that DHEA-S decreases in
response to psychological stress (i.e., Trier Social Stress Task; Kirschbaum, Pirke, &
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Hellhammer, 1993) in men and women (Whetzel, Ritter, et al., 2006; also see Chapter 3).
However cortisol responses to the same laboratory stressor have not shown a reliable increase
and other studies in our lab suggest that the addition of DHEA-S may provide a clearer picture of
how the body responds to a laboratory stressor than does cortisol alone. Measuring cortisol and
DHEA-S together may represent the anabolic/catabolic hormone balance in the body which in
turn represents biologically how the body can rebound after a stressor (Hechter, Grossman, &
Chatterton, 1997).
The present study examined salivary DHEA-S levels in response to an acute laboratory
stressor while under the influence of three doses of caffeine 0 mg, 200 mg or 400 mg. To help
eliminate any type of sex differences in caffeine metabolism and menstrual cycle phase variation
in the biological stress response, only healthy young men participated (Kamimori, et al., 1999).

Methods
Forty-five healthy men, 18-30 years of age (mean 21.16 + 0.36 years; see Table 3), were
recruited to participate in a study examining caffeine and task performance. Potential
participants were recruited through flyers posted in the local community and on The
Pennsylvania State University’s main campus. A trained research assistant initially interviewed
potential participants over the telephone to review their health history and to determine eligibility
for participation (see Appendix J). Specifically, the telephone interviewer asked questions that
documented significant health problems and the use of medications or drug that may affect the
interpretation of the neuroendocrine, cardiovascular, or cognitive performance data, could alter
caffeine metabolism, or could harm the participant if caffeine were administered. Exclusion
criteria included: a history of smoking or nicotine use, angina, arrhythmia, medications for blood
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pressure, diagnosed insulin-dependent diabetes, beta-blocker medication use, inhaled beta
agonist use, learning disability, attentional disorder, recent head trauma, history of depression
stroke, seizures, or other focal brain lesion, or a history of other neurological disorders.
Likewise, anyone taking the following medications was excluded from participating: oral or
injected corticosteroids within three months, psychostimulants, over-the-counter stimulants, cold
or flu medications, ephedrine or caffeine-containing supplements, cimetidine, quinolones,
verapamil, or benzodiazepines. Further, potential participants using psychotropic medications
within the previous eight weeks or with psychiatric hospitalization within the past year were
excluded, as were individuals with severe obesity (greater than 140% of ideal body weight).
This body weight exclusion was determined by body mass index (BMI; weight/height2) as given
by the individual over the telephone and confirmed by weight and height that were measured for
each participant at the beginning of each laboratory session. Participants were placed randomly
into each caffeine group: 0 mg (N = 14), 200 mg (N = 15), 400 mg (N=14). Seventy four percent
of the participants were Caucasian (N=32), 4.7% were African American (N=2), 16.3% were
Asian (N=7), 4.7% were Hispanic or Latino (N=2). All participants were high school graduates;
100% had some college education with 65.2% as Juniors or Seniors, and 4.7% were graduate
students.

Experimental Design
The experimental design was a mixed model to examine effects of 3 doses of caffeine
(placebo, 200 mg caffeine, 400 mg caffeine) and stress (i.e., mental arithmetic) on DHEA-S
levels. All participants underwent the same protocol, which consisted of a baseline rest period, a
challenge period (20-minute mental arithmetic task), and a recovery period (see Table 4 for
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timeline of the experiment). Participants completed two cognitive performance tasks (a signal
detection task and a reaction time task) twice during the study: once following baseline and
immediately before caffeine administration prior to the stressor, and them immediately after the
stressor. Saliva measures (via Salivette®, Starsdet, Newton NC) also were collected twice
during the study: 1) end of baseline period and immediately prior to the cognitive performance
tasks and caffeine administration, and 2) 15 minutes following completion of the stress protocol
and 65 minutes following caffeine/placebo administration. Blood pressure and heart rate were
collected at least every 2 minutes throughout the protocol, along with repeated mood
assessments. Finally, participants also were asked to complete a series of psychosocial measures
that included information about daily caffeine use, comfort with computer use and math, task
appraisals, perceived stress, and general mood (see Appendix H).

Laboratory Protocol
Eligible participants arrived at the General Clinical Research Center at 1300 hrs and were met
by a trained research assistant who first obtained informed consent. Next, participants briefly
were interviewed by a certified nurse practitioner to confirm their health status and study
eligibility. Body weight and height also were measured. Participants then were asked to
complete a demographic survey and a measure of daily caffeine use. Following completion of
the questionnaires, a standard blood pressure cuff (Dinamap compact blood pressure monitor,
Critikon, Tampa, FL) was placed on the participant’s non-dominant arm and a sample blood
pressure reading was taken to ensure that blood pressure and heart rate levels fell within an
acceptable range (i.e., systolic blood pressure less than 140 mmHg, diastolic blood pressure less
than 90 mmHg, and heart rate less than 100 beats per minute). Participants whose blood pressure
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and heart rate readings did not meet these criteria were excluded from the study (N=3) and their
data are not reported here.
Next, participants were asked to sit quietly for 10 minutes while 5 baseline blood
pressure readings were taken automatically at 2-minute intervals. Participants then were asked to
give a saliva sample by chewing on a cotton swab for 2 minutes and then placing it into a saliva
collection tube (Salivette®; Sarstedt, Inc., Newton, NC). Saliva samples immediately were
placed on ice until transferred to a minus 80 degree low-temperature freezer for later assessment
of cortisol and DHEA-S.
Next, participants were asked to complete several computer tasks (i.e. reaction time and
memory task - data reported elsewhere). These tasks took no more than 15 minutes to complete.
Blood pressure and heart rate readings were taken every two minutes during this time.
Following the computer tasks, participants were asked to swallow two capsules with a
glass of water. Each capsule (K-caps®, Capsuline, Pompano Beach FL) contained either
methylcellulose (placebo; methylcellulose, 400 cps FCC, Spectrum, Gardena CA) or a 200 mg
caffeine pill (Vivarin®, GlaxoSmithKline, Philadelphia PA). Participants in the placebo group
received two capsules containing methylcellulose, participants in the 200 mg caffeine group
received 1 methylcellulose and 1 caffeine capsule, and participants in the 400 mg caffeine group
received 2 caffeine capsules. The experimenter (CAW) and the participant were blind to the
drug condition, thus they did not know which set of pills the participant received. Participants
then were asked to rest for 20 minutes during which time they completed standardized measures
of math and computer anxiety and mood (data reported elsewhere). Blood pressure and heart
rate readings were taken every 2 minutes.
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Next, a trained investigator (LCK) entered the room to administer the stressor which was
an altered math portion of the Trier Social Stress Task (Kirshbaum, Pirke, & Hellhammer, 1993).
Participants were asked to complete a series of serial subtraction tasks across a 20-minute period.
Specifically, they were asked to count backwards by 7’s and 13’s two different times, each task
lasted for 4 minutes for a total of 16 minutes of subtraction. Participants’ performance was
corrected for wrong responses and they were given time prompts (i.e. how many minutes they
had left to complete each section) throughout the session. Task performance was voice recorded
on a digital camera and laptop computer for later assessment of accuracy and speed (data
reported elsewhere). Task-appraisal questionnaires were administered immediately prior to and
following the mental arithmetic task. This challenge session took 25 minutes to complete.
Blood pressure readings were taken every minute during the stress session.
Following completion of the stressor, participants again were asked to complete the 2
computer cognitive tasks and then the second saliva sample was collected. Next, participants
were asked to rest for a 16-minute recovery period during which time they completed additional
psychosocial questionnaires, including post-task mood measures and standardized measures of
anxiety and stress. Blood pressure and heart rate were recorded every 2 minutes throughout the
computer and recovery periods. Participants were paid $50 for their time and were informed of
their caffeine condition by a nurse at the General Clinical Research Center. All procedures were
reviewed and approved by The Pennsylvania State University Institutional Review Board
(#14948).
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Salivary Hormone Assessment
Salivary Cortisol. Salivary cortisol levels were assayed at The Pennsylvania State University’s
General Clinical Research Center using commercially available EIA kits (EIA; Salimetrics, LLC,
State College, PA). The sample test volume was 25 ul. The assay had a lower limit of sensitivity
is 0.007 ug/dl, range of sensitivity from .007 to 1.2 ug/dl, and average intra-and inter-assay
coefficients of variation 4.13% and 8.89%, respectively. Method accuracy, determined by spike
recovery, and linearity, determined by serial dilution were 105% and 95% (see Appendix K).

Salivary DHEA-S. Salivary DHEA-S levels also were assayed at The Pennsylvania State
University’s General Clinical Research Center GCRC using commercially available EIA kits
(EIA; Diagnostic Systems Labs, Webster TX). The sample test volume was 100 ul. The assay
had a lower limit of sensitivity of 0.08 ng/mL, range 0.08 to 30 ng/mL, and the average intraand inter-assay coefficients of variation were 5.06% and 6.96% respectively. Method accuracy
for DHEA-S, determined by spike recovery, and linearity, determined by serial dilution, were
100% and 96% (see Appendix A).

Salivary DHEA-S/Cortisol Ratio. The DHEA-S/cortisol (D/C) ratio was calculated to determine
a functional balance between the anabolic and catabolic steroids that are involved in the body’s
response to stress (Morgan et al 2004). Cortisol and DHEA-S values were converted to SI
(international system of units) nmol/L in order to compute a DHEA-S/cortisol ratio (cortisol
ug/dL*27.59 = nmol/L; DHEA-S ng/mL*2.71= nmol/L).
All cortisol and DHEA-S samples were tested in duplicate in a single assay batch.
Duplicate test values that varied by more than 5% error were subject to repeat testing. The
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average of the duplicate tests is reported. Analyses were run on natural log transformed data to
normalize the distribution.

Statistical Analyses
Caffeine dosage was determined by dividing the amount of caffeine (mg) by the participant’s
weight (in kg). As a result, one participant was moved from the higher caffeine group (400 mg)
to the middle caffeine group (200mg) due to a higher body weight. This adjusted caffeine group
resulted in BMI calculations to be significantly higher for the 200 mg group [F(2,43)= 3.80, p<
0.05] (see Table 3). BMI was not correlated and was not a significant predictor of DHEA-S
values and thus was not included as a covariate in the statistical analyses. Two participants (one
from the placebo group, one from the 200 mg caffeine group) were excluded from the analyses
due to biological values of DHEA-S over 3 std deviations above the mean.
Repeated measures analysis of variance (RMANOVA) for two time points (baseline,
stress) with caffeine group (0 mg, 200 mg, 400 mg) as the independent variables were used to
determine changes in multiple dependent variables: DHEA-S values, cortisol values, and the
ratio between DHEA-S and cortisol (D/C). RMANOVA for three time points (baseline, stress
and recovery) with caffeine group (0 mg, 200 mg, 400 mg) as the independent variables were
used to determine additional dependent variables: systolic blood pressure, diastolic blood
pressure, heart rate and self-reported stress. Separate ANOVAs were used to test any caffeine
group by time interactions. Values of DHEA-S and cortisol were significantly skewed, thus all
values were natural log transformed (LN) to create a normal distribution. LN values were used
in the statistical analyses, whereas raw data values are graphed for clarity. All statistical
analyses were two-tailed with α = 0.05.
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Blood Pressure Determination
Baseline systolic (SBP) and diastolic (DBP) blood pressure along with baseline heart rate (HR)
were calculated by taking the average of 5 measurements taken every 2 minutes during the
baseline resting period at the beginning of the laboratory session. Stress SBP, DBP and HR were
calculated by averaging the 20 readings collected during the entire modified TSST math portion.
Recovery SBP, DBP and HR were calculated by averaging the 5 readings taken during the
recovery period at the end of the laboratory session.

Results
Stressor Confirmation
Self-Reported Stress. Self-reported measures of “being stressed” (see Appendix H) significantly
increased from baseline to stress, and significantly decreased from stress to recovery for all
caffeine groups [F(2,80)=11.34, p<0.05] (see Figure 16). There was no time by caffeine group
interaction (p = n.s.).
Self-Reported Nervousness. Self-reported measures of “being nervous” (see Appendix H) also
significantly increased from baseline to stress, and significantly decreased from stress to
recovery regardless of caffeine group [F(2,80) = 17.31, p<0.05] (see Figure 17). There was no
time by caffeine group interaction (p = n.s.).

Cardiovascular Measures
Systolic Blood Pressure. SBP increased in response to stress and decreased in recovery
[F(2,80)=85.14, p<0.05] (see Figure 18). There also was a significant caffeine group by time
interaction [F(4,80) = 3.49, p<0.05]. Separate RMANOVAs revealed that the SBP among
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participants administered 200 and 400 mg of caffeine did not return to baseline, whereas SBP
among participants given the placebo did return to baseline [F(2,40)= 5.23, p<0.05].

Diastolic Blood Pressure. DBP increased in response to stress and decreased in recovery
[F(2,80)=74.03, p <0.05] (see Figure 19). There also was a significant time by caffeine group
interaction [F(4,80)= 4.21, p<0.05] where DBP among participants administered 200 mg of
caffeine did not return to baseline [F(2,40)= 5.51, p<0.05].

Heart Rate. HR increased in response to stress and decreased during recovery [F(2,80) =34.95,
p<0.05] (see Figure 20). There was no time by caffeine group interaction.

Salivary Neuroendocrine Markers
DHEA-S. DHEA-S levels decreased in response to stress among all participants [F(1,40)=64.82,
p<0.05] (see Figure 21). There was no time by caffeine group interaction.

Cortisol. There was a marginal main effect for time in cortisol values [F(1,40)= 3.14; p=0.08;
see Figure 22). Separate repeated measures of analysis split by caffeine group resulted in a
significant increase from baseline to stress in cortisol levels for the 400 mg group only [F(1,13) =
5.34, p< 0.05].

DHEA-S/Cortisol Ratio. There was a main effect for time, with the D/C ratio decreasing from
baseline to stress [F(1,40) = 33.72, P<0.05] (see Figure 23). There was no time by caffeine
group interaction. Due to the significant cortisol decrease for the 400 mg group, one-way
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ANOVAs were run at each time point to determine if there was any effect in the ratio. The 400
mg group displayed a significant effect such that stress levels of the D/C ratio were lower than
either the 200 mg or placebo group [F(2,42) = 3.29, p<0.05].
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Table 3: Age and body mass indices (BMI; kg/m2) of men administered no caffeine, 200 mg
caffeine or 400 mg caffeine (means + SEM).

Age (± SEM) years
BMI (± SEM) (kg/m2)

0 mg Caffeine
(N = 14)
21.50 ± 0.82
22.91 ± 0.75

200 mg Caffeine
(N = 15)
21.13 ± 0.32
24.57 ± 0.85

400 mg Caffeine
(N = 14)
21.00 ± 0.73
21.74 ± 0.56
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Table 4: Experimental timeline.

Caffeine/Placebo
20 Minutes
Stress Period
30 Minutes

Baseline Period
40 Minutes

0

Informed
Consent
Health

10

20

Baseline
SBP, DBP,
HR

Baseline Self
Report Measure
“Stress”
“Nervousness”

25

40

Cognitive
Tasks 1

Baseline
Saliva

20

30

Stress Self
Report
Measure
“Stress”

Math Task
SBP, DBP, HR

Recovery Period
40 Minutes

0

15

Cognitive
Tasks 2

20

40

Recovery
SBP, DBP, HR

Stress Saliva

Recovery
Self Report
Measure
“Stress”
“Nervousness”
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Figure 16. Average level of self-reported stress (± SEM) by caffeine group during baseline,
stress and recovery.
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Figure 17. Average level of self-reported nervousness (± SEM) by caffeine group during
baseline, stress and recovery.
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Figure 18. Average systolic blood pressure (mmHg) (± SEM) by caffeine group during baseline,
stress and recovery.
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Figure 19. Average diastolic blood pressure (mmHg) (± SEM) by caffeine group during
baseline, stress and recovery.
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Figure 20. Average heart rate (beats/minute) (± SEM) by caffeine group during baseline, stress
and recovery.

97

Figure 21. Average DHEA-S levels (nmol/L) (± SEM) by caffeine group during baseline and
after stress.
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Figure 22. Average cortisol levels (nmol/L) (± SEM) by caffeine group during baseline and after
stress.
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Figure 23. Average DHEA-S/Cortisol levels (± SEM) by caffeine group during
baseline and after stress.
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Discussion
The current study was designed to measure DHEA-S and cortisol levels before and after a
modified version of the Trier Social Stress Task (TSST) while under the influence of caffeine in
healthy young men. Several measures were used to confirm the stressor: systolic blood pressure
(SBP), diastolic blood pressure (DBP), heart rate (HR) and a self-report measure of “stress.”
Consistent with previous studies, these cardiovascular measures increased in response to stress
and decreased through recovery (Lane, et al., 1990; Farag et al., 2006; Lovallo, et al., 2006).
There were several time by caffeine group interactions. For SBP, participants who received the
200 mg and 400 mg of caffeine did not return to baseline. This finding is consistent with data
reported in the literature, though the current stressor is different (Lane, et al., 1990; al’Absi, et
al., 1998; Farag, et al., 2006). For DBP, only the participants who received the 200 mg of
caffeine did not return back to baseline, similar to Farag and colleagues’ (2006) cardiovascular
recovery results.
Consistent with data in our lab (see chapter 3), cortisol results revealed a marginal
increase in response to stress. This modest change was driven by the group who received the
400 mg of caffeine. The lack of a stress response in cortisol could be due to characteristics of the
study population. It could be that these participants had elevated levels of stress when they
entered the lab and the math portion of the TSST is not able to produce a consistent rise in
cortisol levels. Similar to chapter 3, an attempt to explain the cortisol results by separating the
current participants into “responder” vs. “non-responder” groups did not shed light on the
discrepancy with current literature (Kunz-Ebrecht, et al., 2003). Previous studies also report that
serial subtraction tasks alone are not able to produce a reliable hypothalamic-pituitary-adrenal
(HPA) axis response (i.e., rise in cortisol) (Earle, et al., 1999). The addition of a
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pharmacological stressor (i.e., caffeine) activated the HPA-axis as evidence by elevation in
cortisol, but only in the group that received 400 mg of caffeine. This group displayed a
significant rise in cortisol. It appears that administration of 400 mg of caffeine in addition to the
modified TSST was able to produce a significant cortisol increase. So, perhaps the modified
TSST is not challenging enough to produce a cortisol change in an acute laboratory setting.
The functional ratio of DHEA-S to cortisol (D/C) indicates the body’s balance of
anabolic to catabolic steroids (Hechter, et al., 1997; Morgan, et al., 2004). While a time by
caffeine group interaction was not present, the 400mg caffeine group’s ratio was the lowest in
response to stress; DHEA-S levels decreased as cortisol values increased. If the hypothesis that
DHEA-S has antiglucocortiod effects is true (May, et al., 1990; Wright, et al., 1992; Muller, et
al., 2006), then a decreasing ratio of DHEA-S to cortisol in the presence of acute stress would
make the body more vulnerable to negative effects of cortisol. These results replicate the drop in
DHEA-S in response to a similar acute laboratory stressor (see Chapter 3). Another interesting
aspect of this study is that we were able to examine how DHEA-S levels respond to stress when
cortisol increases in the presence of a pharmacologic challenge (i.e., caffeine). The relationship
between cortisol and DHEA-S was less clear in chapter 3 because of the lack of increase in
cortisol in response to the stressor. The D/C ratio clarified the differences between the group
that received the placebo, the group that received the 200 mg of caffeine and the group that
received the 400 mg of caffeine with the group that received the 400 mg of caffeine displaying a
lower anabolic/catabolic hormone ratio in response to stress. The addition of a pharmacological
stressor (caffeine) disrupts the anabolic/catabolic hormone ratio, and could make the body more
vulnerable to cardiovascular disease and other cortisol perpetuated disorders (Hechter, et al.,
1997).
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Results also suggest that DHEA-S is less affected by the added pharmacological stress
effects of caffeine, a known sympathomimetic. A recent study by MacKenzie and colleagues
(2007) found that 200 mg of caffeine twice a day (total of 400 mg) for 7 days did not
significantly increase peripheral DHEA levels. However there are currently no studies that
indicate if DHEA-S would be affected by acute or chronic caffeine intake. This is the first study
to report a significant DHEA-S drop in response to an acute laboratory stressor in the presence of
caffeine. Because of the differences in caffeine metabolism during different phases of the
menstrual cycle, women were not included in the current study (Kamimori, et al., 1999; Zaigler,
et al., 2000). Future studies should include women in these different phases of the menstrual
cycle (i.e., luteal vs. follicular). In the current study caffeine administration was in the form of a
readily available caffeine pill, Vivarin©. The majority of the population consumes caffeine in
the form of coffee and tea (James, 1997). Future studies should also assess normal caffeine
intake in addition to acute stress to see if natural occurring caffeine intake would have an effect
on how people respond to an acute laboratory stressor. Future studies should also assess a
recovery time period to see if levels of DHEA-S and cortisol return to baseline levels in the
presence of caffeine.
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Dissertation Aims
The five aims of this dissertation were to 1) establish salivary DHEA-S as a valid
measure in the cotton Salivette®, 2) assess differences in salivary DHEA-S values among men
and women and differences between morning and evening levels 3) determine whether salivary
DHEA-S remains stable across a 90 min time period that corresponds to typical laboratory stress
sessions 4) determine if salivary DHEA-S responds to a laboratory stressor and 5) determine if
caffeine changes salivary DHEA-S responses to a laboratory stressor.
In chapter 2, data from Study 1 successfully supported the first aim by establishing that
DHEA-S can be measured in a cotton Salivette® despite recent controversy surrounding the use
of cotton in the measurement of salivary based hormones (Gallagher, et al., 2006; Groschl, et al.,
2008). This finding confirms that salivary DHEA-S levels can be evaluated in concert with
cortisol in lab and field studies.
Data from this study also successfully supported aim two by confirming that males have
higher levels of salivary DHEA-S than do females. The literature recounts a specific sex
difference in DHEA-S levels with males having higher levels of DHEA-S than do females due to
its production not only in the adrenal cortex but in the gonads as well (e.g., Orentreich, et al.,
1984). The data also revealed a significant difference in morning and evening levels of DHEAS. This finding is surprising, considering that the majority of literature claims that salivary
DHEA-S levels are stable across the day due to the long half-life of DHEA-S (e.g., Goodyer, et
al., 1997).
The third aim was supported by Study 2 in that DHEA-S tends to increase during a 90min time period in the afternoon when a person is resting quietly. This finding serves as a

109
control for the laboratory stress studies that have been conducted in our lab and in other
published reports (for a review see Dickerson & Kemeny, 2004).
Data supporting the fourth aim are perhaps the most exciting finding of this dissertation.
Current literature has examined DHEA-S levels in different types of disease conditions (i.e.,
cardiovascular disease, schizophrenia, depression) but has not determined if DHEA-S increases
or decreases in response to an acute stress in a normal population (Gallagher, et al., 2007;
Ritsner, et al., 2007; Assies, et al., 2004; Porsova-Dutoit, et al., 2000). The studies that have
mentioned DHEA-S in response to stress have looked at intense military training or chronic
stress overloads (i.e., Morgan, et al., 2004; Mommersteeg, et al., 2008). These studies leave a
gap in our understanding of what DHEA-S does in response to acute psychological stress.
Because of DHEA-S role as an antiglucocorticoid, and because of other studies examining
cortisol, it is necessary to understand how DHEA-S levels respond to an acute stress. Also it is
necessary to determine how DHEA-S levels respond to stress in a controlled laboratory setting in
order to rule out any other biological influence (i.e., interpersonal stress, sleep, eating). In
chapter 3, the data indicated that DHEA-S (both serum and saliva) decreases in response to a
stressor and returns to baseline, especially for women in the luteal phase of the menstrual cycle.
Not only does this finding hold true in saliva, but it was demonstrated in serum levels of DHEAS as well. These results, taken in light of aim three (i.e., salivary DHEA-S levels remain stable
across a 90-min time period in the afternoon), suggests that we confidently can attribute the
DHEA-S decline to and acute laboratory stressor.
Data from chapter 4 supported the fifth and final aim which not only replicated the
decrease of salivary DHEA-S in response to stress but also revealed that DHEA-S was not
affected by acute caffeine administration in healthy men.
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Contribution to Literature
A Medline search of “dehydroepiandrosterone sulfate” results on over 5000 articles
(conducted on June 9, 2008; http://www.ncbi.nlm.nih.gov/sites/entrez). Despite this wealth of
articles, there is very little research that investigates DHEA-S in response to acute psychological
stress. This dissertation starts to fill the gap in our understanding of what happens to DHEA-S
levels in response to a laboratory stressor in healthy young adults.

Findings Contrary to Literature
Chapters 3 and 4 of this current dissertation contradicts Morgan, et al., (2004), GomezMerino et al., (2005) and Bouget, et al., (2006) results in relation to stress and DHEA-S levels.
All three studies suggest that DHEA-S increases in response to stress in men and women.
Though each paper stated that their “stressor” was acute, all 3 actually were harsh physical,
mental and biological stressors that the majority of people do not experience on a daily basis.
The stressors also lasted for over a week. In light of our data and these previous reports, I
postulate that DHEA-S has a two-fold purpose in biological stress reactivity. In response to
acute psychological stress, DHEA-S decreases possibly due to a shift in adrenal cortex enzyme
production, however, during recovery, levels rebound after the acute stressor to increase DHEAS back to pre-stress levels. The reduction of DHEA-S in an acute phase of a stressor also could
be due to an increase of target tissue absorption of the molecule out of circulation in order to
metabolize DHEA-S into other downstream sex steroids (i.e., androstenedione, testosterone,
estradiol). If the stressor was severe enough (i.e., food deprivation, sleep deprivation) DHEA-S
levels could then increase beyond the body’s baseline levels to help protect the body against the
detrimental effects of elevated cortisol. In this sense, DHEA-S exemplifies the meaning of an
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anabolic steroid (i.e., building the body back up), and may not necessarily be considered a
“stress” hormone. Severe physical stress (i.e., military training, intense physical training) as
used by Morgan and colleagues (2004), Gomez-Merino and colleagues (2005) and Bouget and
colleagues (2006) might have shifted the internal milieu of the adrenal cortex to increase DHEAS production which would account for the discrepancy between the results of this dissertation
and the literature (Morgan, et al., 2004; Gomez-Merino, et al., 2005; Bouget, et al., 2006).
Physical and mental stressors may activate different aspects of the stress response, whether
through the SAM-axis or the HPA-axis. The previously mentioned studies are either purely
physical (i.e., training stress) or a combination of physical (i.e., military training) and mental
(i.e., interrogation stress). The studies in this dissertation investigated DHEA-S levels in
response to less severe and shorter stressors (i.e., TSST, caffeine). Because the TSST and
caffeine are different type of stressors (i.e., social ,pharmacological) than those used in published
studies, the current data provide a different window into DHEA-S response to stress.
Another issue to consider when assessing DHEA-S in response to stress is that DHEA-S
may have a different time course in response to ACTH than does cortisol. The current studies
were designed to capture the cortisol response to an acute stressor (i.e., 15 min past the end of
the stressor allowing for a peak in the levels of circulating cortisol). In order to assess how
DHEA-S relates or interacts with cortisol, it is necessary to measure DHEA-S in a concurrent
manner. However, to determine how DHEA-S levels alone respond to a stressor, it is necessary
to measure DHEA-S levels at multiple time points before and after a stressor to create a clearer
time course of DHEA-S activity. This method would be similar to how the cortisol response to a
laboratory stressor was determined by Kirschbaum and Hellhammer (1989), where saliva
samples are collected every 10 minutes. Detailed studies of this manner for DHEA-S are lacking
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in the current literature mainly due to the belief that DHEA-S levels are stable across the day and
that DHEA-S is thought to have a long half-life, and does not necessarily move during an acute
time frame (Goodyer, et al., 1997).

Associations Between Cortisol and DHEA-S and the Molar Ratio
The literature is sparse when trying to account for any correlation between levels of
cortisol and DHEA-S. Though the balance of cortisol to DHEA-S has been studied (Morgan, et
al., 2004; Bouget, et al., 2006; Grillon, et al., 2006), the relationship between cortisol and
DHEA-S has been overlooked. Both hormones have distinctly different actions within the body.
Both are released by the adrenal cortex, however from different zones (Roberts, 1999). DHEA-S
shows a lifetime rhythm by increasing during adrenarche, reaching highest levels during peak
reproductive years, and declining steadily through old age, whereas cortisol levels remain
relatively constant through the lifespan (Orentreich, et al., 1984). Due to the difference in levels
of the adrenal hormones at different time points in the life span, a general correlation between
DHEA-S and cortisol should not be expected. Cortisol production is tightly associated to ACTH
production in the pituitary gland, whereas the relationship between ACTH and DHEA-S
production is more complicated (MacCario, et al., 2000). DHEA-S production during
adrenarche is not dependent on ACTH production (Nieschlag, et al., 1973). While DHEA-S
levels appear to be responsive to ACTH, DHEA-S levels are not dependent on ACTH production
(Nieschlag, et al., 1973; Vermeulen, et al., 1982; Scott, et al., 2000). A correlation between
cortisol and DHEA-S secretion could be a measure of the overall production and enzyme
function of the adrenal cortex. A positive correlation could be a measure for relative activation
of the body (i.e., high levels of cortisol and DHEA-S could mean the body was undergoing some

113
sort of biological stressor in a normal healthy manner, or lower levels of cortisol and DHEA-S
could mean the body was in a non-aroused state). A negative correlation could mean that there
was a disruption in the enzymatic production balance and thus the adrenal cortex was producing
one or the other hormone specifically due to either some sort of deficiency (i.e., genetic, or
environmental) or the body was undergoing a physical or biological stressor (i.e. disease stateschronic fatigue syndrome, cardiovascular disease, anorexia nervosa) that would throw the
enzyme balance towards an over production of cortisol to help compensate. DHEA-S and
cortisol correlations and ratios may have more value when calculated during young adulthood
when DHEA-S levels are at their highest. The ratio at this time point could predict possible
longevity or be an indicator of how well the body is able to handle stressors. DHEA-S levels
drop across the lifespan, and DHEA-S is also less responsive to ACTH stimulation in later years.
DHEA-S could be more related to the HPA axis, and subsequently cortisol, during peak levels,
and become uncoupled from biological stress responses during aging.
The literature addresses the ratio in 2 different ways: the balance of cortisol to DHEA-S
(C/D) levels or DHEA-S to cortisol (D/C) ratios. A calculated ratio could also help to explain
adrenal cortex function, or the relative state of how the body is functioning. Specifically, the
ratio of cortisol to DHEA-S represents the catabolic to anabolic steroid production for the body.
The ratio has been used in a number of studies to asses how the body has responded to biological
or physical stressors (i.e., chronic obstructive pulmonary disorder (COPD), military stress). In
an article by Debigare and colleagues (2003), they found that patients who were suffering from
COPD had a higher C/D ratio, such that cortisol values were higher and DHEA-S values were
lower, compared to healthy control subjects. The previously mentioned articles by Morgan and
colleagues (2004) and Bouget and colleagues (2006) that measured DHEA-S in response to
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stress calculated a ratio of cortisol to DHEA-S as an explanation of the balance of catabolic to
anabolic steroid hormones in response to stress in a healthy population (Morgan, et al., 2004;
Bouget, et al., 2006). Both Morgan and colleagues (2004) and Bouget and colleagues (2006)
found that high D/C ratios correlated with fewer symptoms of dissociation and lower overall
self-reported stress levels in response to the stressor. Despite these reports, the meaning of the
C/D ratio is unclear. In reviewing the literature we have discovered some factors that may be
contributing to this confusion. First, Morgan and colleagues (2004) discussed the application of
the C/D ratio, and cited literature by Cruess and colleagues (1999) that demonstrated that a
higher C/D ratio correlated with lower perceived stress among HIV patients, however in
Morgan’s calculation, the ratio is flipped to DHEA-S to cortisol without any explanation
(Morgan, et al., 2004). Morgan and colleagues appear to find similar results as Cruess and
colleagues (1999) (i.e. higher ratio correlates to lower perceived stress) however the meaning is
unclear due to the switch of the ratio from C/D to D/C. Second, several articles have not
converted the units for DHEA-S (salivary units ng/mL) and cortisol (salivary units ug/dL) in
order to calculate a molar ratio (Taylor, et al., 2007; Grillon, et al., 2006; Patacchioli, et al.,
2006; Carlson & Sherwin, 1999). A conversion to a molar ratio (nmol/L) would place DHEA-S
and cortisol on a similar scale in order to calculate a ratio. A lack of converting to a molar ratio
would place both DHEA-S and cortisol on different scales, and give an inaccurate assessment of
what the ratio represents. Several articles have also calculated the ratio with salivary cortisol to
blood DHEA-S (Carlson & Sherwin, 1999; Carlson, et al., 2004). Salivary cortisol represent the
free unbound form of cortisol (i.e., the bioactive form of cortisol), where as blood DHEA-S
represents total DHEA-S (DHEA-S is bound to albumin in peripheral circulation). Unbound
versions of hormones represent the amount of hormones available for use in the biological
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systems. When calculating a ratio of C/D to evaluate the body’s ability to handle the negative
effects of stress, it is necessary to evaluate the unbound, biologically active forms of both
hormones to generate an accurate explanation of the findings. There are no studies to date
recommending only salivary ratio of free hormones or blood ratios of total hormones. The
interpretation of the ratio in regards to this literature is marred by the lack of proscribed methods
for calculating the ratio.
If there is a time course difference between cortisol and DHEA-S in response to stress,
then a calculated ratio during an acute time phase (i.e., calculating the ratio before, during and
after an acute stressor) may have little value. However, there is no literature to date that suggests
a different time course of cortisol and DHEA-S. From a mathematical stand point, if DHEA-S
and cortisol are converted to NMOL per Liter, DHEA-S will be a larger number due to it’s
higher concentration in circulation. Because DHEA-S values would be higher, it would make
sense to calculate the ratio with DHEA-S as the numerator and cortisol as the denominator so
that the ratio will most likely always be greater than 1. If the method of calculating the ratio
were standardized, it would make the interpretation of the value of the ratio easier to comprehend
across research groups.
Though the ratio of DHEA-S to cortisol was calculated within this dissertation (as per
Morgan, et al., 2004 methods) in response to an acute stressor, the results were similar to DHEAS values alone. This finding is possibly due to the cortisol decrease across stressor for both
studies. The functional ratio of DHEA-S to cortisol or cortisol to DHEA-S, could have a broader
significance between people who are suffering from chronic illness and those who are free from
chronic illnesses rather than calculating a within person ratio change during an acute setting.
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DHEA-S and cortisol are distinctively different steroids that have different actions within
the body. DHEA-S has been found to have antiglucocorticoid effects when presented with the
damaging effects of prolonged exposure to cortisol. DHEA-S is postulated to balance the
cortisol response separate from ACTH and the HPA-axis negative feedback loop. D/C ratios are
highest in young adults and decline with age as cortisol values remain relatively stable and
DHEA-S values decrease over time. A greater D/C ratio than others in a similar age bracket
could mean a greater protective effect against cortisol perpetuated diseases (Hechter, et al.,
1997). More research is needed on an acute ratio change within individuals.

Neurosteroid vs. Peripheral Function of DHEA-S
When reviewing the current literature regarding DHEA and DHEA-S, one specific
discrepancy remains with respect to the difference between functions of peripheral
DHEA/DHEA-S and central DHEA/DHEA-S. Many of the articles that review or research
cognitive effects and associations between DHEA/DHEAS and memory use a rodent model. It
is well established in the literature that only humans and higher order primates have peripheral
circulating levels of DHEA/DHEAS and that perhaps peripheral DHEA/DHEAS levels serve a
different purpose in humans and higher order primates than in a rodents (Roberts, 1999). The
antiglucocorticoid effects of DHEA/DHEAS have been established in rodent models (Muller, et
al., 2006; Demirgoren, et al., 1991) however clear mood and well-being neurosteroid effects of
DHEA/DHEAS have yet to be established mainly due to a lack of findings regarding DHEA
supplementation in aging populations (Wolf & Kirschbaum, 1999). Not only is there a
discrepancy between the type of model used (i.e. human vs. rodent) but there also is a
discrepancy in the hormone being measured. Typically, DHEA and DHEA-S have been used
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relatively interchangeably, with an emphasis on DHEA due to its shorter half life (Goodyer, et
al., 1997). Despite DHEA and DHEAS being used interchangeably, it appears that DHEA and
DHEAS may have different functions in the central nervous system and in the peripheral
circulation. In peripheral circulation, DHEA-S is the active form, and serves as the major
reservoir for DHEA, testosterone and estradiol (Miller, 2002). However, in the central nervous
system, DHEA plays a greater role than does DHEA-S in the binding and antiglucocorticoid
properties of this anabolic steroid. There also is evidence that DHEA crosses the blood brain
barrier, whereas the DHEA-S molecule is too large to cross (Wolf & Kirschbaum, 1999). Levels
of DHEAS are considerably lower in the central nervous system than in peripheral circulation
with this discrepancy possibly alluding to differential function of DHEAS in the central nervous
system (Guazzo, et al., 1996). In light of the possibility that DHEA and DHEAS may have
differential function depending on where it is being measured, future research should take these
effects into consideration.

Testosterone and Other Sex Steroids
It is well established that DHEA and DHEA-S are precursors to the sex steroids,
testosterone and estradiol (Labrie, 1991; Hornsby, 1995). It is estimated that DHEA/DHEAS
accounts for 50% of androgens in men, around 75% of estrogen and testosterone in premenopausal women and the majority of androgens in post-menopausal women (Kroboth, et al.,
1999). Free testosterone levels have been shown to be positively correlated with DHEA-S
(Haren, et al., 2007). The impact of a T to DHEA-S correlation on DHEA-S levels in response
to stress is unknown in the current dissertation studies. In chapter 3, testosterone (T) was shown
to correlate with DHEA-S levels, which is understandable, considering that DHEA-S and T
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levels are higher in men than in women, and that DHEA-S serves as a precursor to a portion of T
levels. The current literature regarding DHEA-S and stress do not measure levels of T.
Testosterone has been shown to increase in response to an acute challenge stressor and decrease
after the challenge has passed (Chichinadze & Chichinadze, 2008; Hasegawa, et al., 2008). In
chapter 3, T was only measured in the beginning of the laboratory session. Testosterone has not
been found to be different during different phases of the menstrual cycle (Elliot, et al., 2003), and
thus a differential effect of T levels during stress could not have explained the difference in
recovery in DHEA-S levels for luteal phase females. However, it is possible that an increase in
DHEA-S production during the luteal phase of the menstrual cycle, in order to produce higher
levels of circulating estrogen, resulted in higher DHEA-S levels at recovery. Though the
literature does not support a change in levels of DHEA-S during different phases of the
menstrual cycle, it could be that DHEA-S converts more quickly to estrogen in the peripheral
tissues and thus overall levels of DHEA-S do not seem to be different, while levels of estrogen
are high during the luteal phase. Results of the current dissertation demonstrate that DHEA-S
decreases in response to stress. This decrease could be due to the increase in T in response to the
stress. It is possible that during an acute stressor there is an enzyme shift in the adrenal cortex to
cortisol production and DHEA-S production is suspended. This shift allows circulating levels to
decrease because DHEA-S is taken into peripheral tissues and converted to T without
replenishment from the adrenal cortex until the stressor is over. However, this remains a concept
for future study.
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Allostatic Load Interpretation/Caffeine and Cardiovascular Disease Risk
DHEA-S was chosen as an allostatic marker due to its purported antiglucocorticoid
effects and its association with cardiovascular disease risk. DHEA-S in and of itself is a strong
individual marker of the functionality of the adrenal system (Leotawanna, 2004). Though other
markers of allostatic load (see chapter 1) were not measured in the three studies presented in this
dissertation, the unique function of how DHEA-S levels respond to acute stress may add a whole
new dimension to our understanding of stress vulnerability. Because of the findings that DHEAS does indeed respond to stress and is not as stable across the day (as previously reported), it is
necessary to reevaluate the meaning of DHEA-S use in the allostatic load measure. Though this
dissertation is not able to deduce what a functional change in DHEA-S may mean in regard to
cardiovascular disease, it does supply convincing evidence that future studies need to address
this issue. The evidence within this dissertation suggests that perhaps how DHEA-S and the D/C
ratio recover from a stressor may have health implications similar to the way that cardiovascular
reactivity in response to acute stress suggests cardiovascular disease (Schneider, 2003; Wright, et
al., 2007). If future studies find portions of the population who have a decreased recovery
response in DHEA-S, then perhaps oral supplementation of DHEA could be used to help
compensate that deficiency. Supplementation has shown mixed results to date (for reviews see
Wolf & Kirschbaum, 1999; Grimley-Evans, et al., 2006). However, the promise of current
research is in certain populations where there is a known DHEA/DHEA-S deficiency (i.e.,
Alzheimer’s Disease, depressive disorders) and supplementation appears to help augment
DHEA/DHEA-S levels. Recent research in our lab has demonstrated that a specific healthy
young population of males and females who have a parental history of hypertension (i.e., 1
parent who is being medically treated for hypertension) are at a greater risk of the deleterious
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effects of an acute psychological and pharmacological stressor (Rodrigues, 2005). Another study
also identifies a similar cardiovascular response and recovery dysfunction for a similar
population in response to stress (Wright, et al., 2007). A future study would be to examine
DHEA-S responses to stress in individuals at-risk for heart disease.

DHEA-S Recommendations and Future Directions
Knowledge of DHEA and its sulfate ester, DHEA-S, is vast. Since its discovery in the
early 20th century, many different researchers have been trying to piece together the purpose and
actions of these hormones. This dissertation provides in-depth and convincing evidence that
more research is needed into the daily reactivity of DHEA-S in normal, healthy populations. We
now know that DHEA-S levels change in response to an acute psychological stressor. Not only
have we provided evidence for this, but we have replicated the results as well. The next step in
understanding how DHEA-S affects long term health and well-being is to understand how it
functions on a daily basis in response to normal daily stress. Preliminary data in our lab
demonstrate that salivary DHEA-S has a distinct daily rhythm (Klein, et al., 2008). The data
were a part of a larger study looking at daily stress and health in the lives of hotel managers and
their spouses. We were able to collect 4 saliva samples across 4 days to measure their daily
rhythms of cortisol and DHEA-S. DHEA-S showed a very reliable rhythm across all 4 days
(Klein, et al., 2008). The next step is to use current methods of assessing a daily rhythm of
cortisol (i.e., area under the curve, slope of daily decline of hormone levels) and apply those
methods to discover how DHEA-S is connected to the everyday stress and lives of a working
population.
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Though the data from this dissertation are compelling, there are several future studies that
are needed to shed light on the response of DHEA-S to acute and even chronic stressors.
Chapter 3 only examined recovery 60 minutes after the stressor. Future studies should extend
that recovery period to see how long it takes for DHEA-S to recover, and then establish if an
altered recovery profile distinguishes a population at risk for future disease (i.e., cardiovascular
disease, Alzheimer’s Disease).
Chapters 3 and 4 measured DHEA-S levels based on when cortisol levels are known to
rise in response to stress. DHEA-S could follow a completely different time course in response
to stress. It would be valuable to conduct a study that would measure DHEA-S levels at 5-min
intervals (at least) before, during and after a stressor to hone in on how DHEA-S levels respond,
and whether there would be an optimum time point to measure DHEA-S levels before and after
an acute laboratory stressor similar to how Kirschbaum and Hellhammer (1989) established the
cortisol response to stress. Not only could DHEA-S follow a different time course in response to
stress, but the metabolic precursors of DHEA-S could also be affected by stress and should be
measured to explore this possibility further.
The data from this dissertation provide compelling evidence that DHEA-S is an
individual marker that will respond to the environment, and that future studies need to take into
account the time of day when DHEA-S levels are measured. Taken a step further, these findings
are compelling and more studies are needed to develop a better understanding how this
remarkable anabolic steroid, DHEA/DHEA-S, affects our well-being.
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FOR RESEARCH USE ONLY--NOT FOR USE IN DIAGNOSTIC PROCEDURES

This Package Insert (IFU) is intended for Professional Use and must be read completely before
product use.

I.

INTENDED USE

The DSL 10-2700S ACTIVE® DHEA-S (Saliva) Enzyme Immunoassay Kit provides materials
for the quantitative measurement of DHEA-S in human saliva.
II. PRINCIPLE OF THE TEST
The procedure follows the basic principle of enzyme immunoassay where there is
competition between an unlabeled antigen and an enzyme-labeled antigen for a fixed
number of antibody binding sites. The amount of enzyme-labeled antigen bound to the
antibody is inversely proportional to the concentration of the unlabeled analyte present.
Unbound materials are removed by decanting and washing the wells.
III. REAGENTS SUPPLIED
A. Rabbit Anti-Goat-Coated Microtitration Strips:
One stripholder, containing 96 polystyrene microtiter wells with goat rabbit anti-goat IgG
immobilized to the inside wall of each well. Store at 2-8°C until expiration date in the
resealable pouch with a desiccant to protect from moisture.
B. DHEA-S (Saliva) Standards:
One vial, 2.0 ml, labeled A, containing 0 ng/mL and six vials, 1.0 mL each, labeled B-G,
containing concentrations of approximately 0.1, 0.3, 1.0, 5.0, 15.0, and 30.0 ng/mL
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(0.27 - 81.30 nmol/L) DHEA-S in a synthetic saliva matrix with a non-mercury
preservative. Refer to vial labels for exact concentrations. Store at 2-8°C for up to three
weeks. For longer periods, store at –20°C or lower until expiration date.

Note: The reference preparation used for preparing the DSL DHEA-S Standards was
obtained from Steraloids, Inc., Wilton, NH.
C. DHEA-S (Saliva) Controls:

Two vials, 1.0 mL each, Levels I and II, containing low and high concentrations of DHEA-S
(For Saliva) in a synthetic saliva matrix with a non-mercury preservative. Refer to vial
labels for exact concentrations. .

Store at 2-8°C for up to three weeks.

For longer

periods, store at –20°C or lower until expiration date.
D. DHEA-S (Saliva) Enzyme Conjugate Concentrate:
One vial, containing 0.3 mL of a solution of DHEA-S conjugated to horseradish
peroxidase in protein (BSA) based buffer with a non-mercury preservative. Dilute prior to
use in DHEA-S (Saliva) Conjugate Diluent. Store at 2-8°C until expiration date.

NOTE: The dilution of this reagent should be made prior to use in the assay.
E. DHEA-S (Saliva) Antiserum: (Blue)

One bottle, 11 mL, containing goat anti-DHEA-S antiserum in a protein (BSA) based
buffer with a non-mercury preservative. Store at 2-8 °C until expiration date.
F. DHEA-S (Saliva) Conjugate Diluent:
One bottle, 11 mL, containing a protein (BSA) based buffer with a non-mercury
preservative. Store at 2-8°C until expiration date.
G. TMB Chromogen Solution:
One bottle, 11 mL, containing a solution of tetramethylbenzidine (TMB) in citrate buffer
with hydrogen peroxide. Store at 2-8°C until expiration date.
H. Wash Concentrate:
One bottle, 60 mL, containing buffered saline with a nonionic detergent. Dilute 25-fold
with deionized water prior to use. Store at room temperature or 2-8°C until expiration
date.
I.

Stopping Solution:

One bottle, 11 mL, containing 0.2M sulfuric acid. Store at 2-8°C until expiration date.

NOTE: All reagents and samples must be allowed to reach room temperature (~25°C) and
mixed thoroughly by gentle inversion before use.
V. PRECAUTIONS

For in vitro use only

Not for Internal or External Use in Humans or Animals
The following Good Laboratory Practices should be observed:
•

Do not eat, drink, smoke, or apply cosmetics where immunodiagnostic materials
are being handled.
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•

Do not pipet by mouth.

•

Wear lab coats and disposable gloves when handling immunodiagnostic materials.

•

Wash hands thoroughly afterwards.

•

Cover working area with disposable absorbent paper.

•

Wipe up spills immediately and decontaminate affected surfaces.

•

Avoid generation of aerosols.

•

Provide adequate ventilation.

•

Handle and dispose of all reagents and material in compliance with applicable
regulations.

WARNING: POTENTIAL BIOHAZARDOUS MATERIAL
This kit may contain some reagents made with human source material (e.g. serum or
plasma) or used in conjunction with human source materials. The material in this kit
has been tested by FDA recommended methods and found to be non-reactive for HIV1/2 Antibodies, HCV and HBsAg. No available test method can offer complete
assurance of eliminating potential biohazardous risk. Handle all reagents and patient
samples at a Biosafety Level 2, as recommended for any potentially infectious human
material in the Centers for Disease Control/National Institutes of Health manual
"Biosafety in Microbiological and Biomedical Laboratories," 4th Edition, April 1999.
WARNING: POTENTIAL CHEMICAL HAZARD
Some reagents in this kit contain ProClin®, as a preservative. ProClin®, TMB, hydrogen
peroxide, and sulfuric acid, in concentrated amounts are irritants to skin and mucous
membranes. These substances are in diluted form and therefore may minimize
exposure risks significantly but not completely. Provide adequate ventilation. Avoid
contact with skin, eyes, and clothing. In case of contact with any of these reagents,
wash area thoroughly with water and seek medical advice. Dispose of all
nonradioactive reagents by flushing with large volumes of water to prevent buildup of
chemical hazards in the plumbing system. For further information regarding
hazardous substances in the kit, please refer to the component specific MSDS, either at
DSLabs.com or by request.
V. SPECIMEN COLLECTION AND PREPARATION

Saliva should be collected with the Sarstedt Salivette®. The Salivette® is centrifuged for
two minutes at
1000 X g. During centrifugation, the saliva will pass from the cylindrical shaped swab
through the hole in the bottom of the suspended tube into the clear centrifuge tube.
Mucous strands and particles will be caught in the conical tip of the centrifuge tube
allowing easy decanting of the clear saliva.
VI. PROCEDURAL NOTES
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A thorough understanding of this package insert is necessary for successful use of the
DHEA-S. Reliable results will only be obtained by using precise laboratory techniques
and accurately following the package insert. A standard curve must be included with
each assay. Bring all kit reagents and specimens to room temperature (~25°C) before
use. Thoroughly mix the reagents and samples before use by gentle inversion. Do not
mix various lots of any kit component within an individual assay. Do not use any
component beyond the expiration date shown on its label. Incomplete washing will
adversely affect the outcome and assay precision. To minimize potential assay drift
due to variation in the substrate incubation time, care should be taken to add the
stopping solution into the wells in the same order and speed used to add the TMB
solution. Avoid microbial contamination of reagents, especially of the conjugate
concentrate and the conjugate diluent. Avoid contamination of the TMB Chromogen
Solution with the Enzyme Conjugate. Use a clean disposable pipette tip for each
reagent, Standard, Control or specimen. For dispensing sulfuric acid and TMB
Chromogen Solution, avoid pipettes with metal parts. Containers and semi-automatic
pipette tips used for the Enzyme Conjugate Solution and the TMB Chromogen Solution
can be reused provided they are thoroughly rinsed with distilled water and dried prior
to and after each usage.
The enzyme used as the label is inactivated by oxygen, and is highly sensitive to
microbial contamination, sodium azide, hypochlorous acid and aromatic
chlorohydrocarbons often found in laboratory water supplies. Use high quality water.
Avoid exposure of the reagents to excessive heat or direct sunlight during storage and
incubation.
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VII. TEST PROCEDURE
A. Materials Supplied:
Materials supplied in the DSL ACTIVE® DHEA-S (For Saliva) EIA Kit Catalog No. DSL 102700S
MATERIAL

QUANTITY

CATALOG NO.

DHEA-S (Saliva) Standard A

One vial

2701S

DHEA-S (Saliva) Standard B

One vial

2702S

DHEA-S (Saliva) Standard C

One vial

2703S

DHEA-S (Saliva) Standard D

One vial

2704S

DHEA-S (Saliva) Standard E

One vial

2705S

DHEA-S (Saliva) Standard F

One vial

2706S

DHEA-S (Saliva) Standard G

One vial

2707S

RAGG-Coated Microtitration Strips

One plate

10-3515

DHEA-S (Saliva) Antiserum

One bottle

10-2710S

One vial

10-2720S

One bottle

10-2740S

DHEA-S (Saliva) Control Level I

One vial

2751S

DHEA-S (Saliva) Control Level II

One vial

2752S

TMB Chromogen Solution

One bottle

10-9755

Wash Concentrate B

One bottle

10-9730

Stopping Solution A

One bottle

10-9780

DHEA-S (Saliva) Enzyme Conjugate
Concentrate
DHEA-S (Saliva) Conjugate Diluent

B. Materials Required But Not Supplied:
•

Microtitration plate reader capable of absorbance measurement at 450 nm and
preferentially capable of dual wavelength correction at 600 or 620 nm

•

Deionized water

•

Precision pipette to deliver 50 µL

•

Semi-automatic pipette to deliver 100 µL

•

Microtitration plate shaker capable of 500 - 700 orbital revolutions per minute
(rpm)

•

Automatic microtitration plate washer

•

Vortex mixer

•

Absorbent materials for blotting the strips

•

Linear-log graph paper for manual data reduction

C. Preparation of Reagents:
1. Wash Solution
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Prepare Wash Solution by diluting Wash Concentrate B 25-fold with deionized water.
The Wash Solution is stable for one month at room temperature provided the bottle is
kept tightly sealed.
2. Enzyme Conjugate Solution
The Enzyme Conjugate Solution should be diluted at a ratio of 1 part Enzyme
Conjugate Concentrate into 50 parts Conjugate Diluent, according to the number of
wells used. If an entire plate is to be used, pipet exactly 200 µL of the DHEA-S (For
Saliva) Enzyme Conjugate Concentrate into 10 mL of the DHEA-S (For Saliva)
Conjugate Diluent.

The Enzyme Conjugate Solution should be prepared 15-20

minutes prior to performing the assay.
3. Microtitration Wells
Select the number of coated wells required for the assay. The remaining unused wells
should be placed in the resealable pouch with a desiccant.

The pouch must be

resealed to protect from moisture.
D. Assay Procedure:
Allow all specimens and reagents to reach room temperature (~25°C) and mix thoroughly
by gentle inversion before use. Standards, Controls and unknowns should be assayed in
duplicate.
1. Mark the microtitration strips to be used.
2. Prepare the Enzyme Conjugate Solution by diluting the Enzyme Conjugate

Concentrate in the Conjugate Diluent as described under the Preparation of the

Reagents section of this package insert.

3. Pipet 100 µL of the Standards, Controls and unknowns into the appropriate wells.
4. Add 50 µL of the Enzyme Conjugate Solution to each well using a semi-automatic
dispenser. Gently tap the well holder for 5-10 seconds.
5. Add 100 µL of the Anti-DHEA-S Antiserum to each well using a semi-automatic
dispenser. Gently tap the well holder for 5-10 seconds.
6. Incubate the wells shaking at fast speed (500-700 rpm) at room temperature for
one hour.
7. Aspirate and wash each well 5 times with the Wash Solution using an automatic
microplate washer. Blot dry by inverting plate on absorbent material.

NOTE: Use of an automatic microplate washer is strongly recommended. Incomplete
washing will adversely affect assay precision. If a microplate washer is not available,
(a) completely aspirate the liquid from each well, (b) dispense 0.35 mL of the Wash
Solution into each well, and (c) repeat steps (a) and (b) five times.

8. Add 100 µL of the TMB Chromogen Solution to each well using a semi-automatic
dispenser.
9. Incubate the wells shaking at a fast speed (500-700 rpm) for 15-30 minutes.
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10. Add 100 µL of the 0.2M sulfuric acid (Stopping Solution) to each well using a semiautomatic dispenser.
11. Shake the plate by hand for 5-10 seconds.
12. Read the absorbance of the solution in the wells within 30 minutes, using a
microplate reader set to 450 nm.

NOTE: If wavelength correction is available, set the instrument to dual wavelength
measurement at 450 nm with background wavelength correction set at 600 or 620
nm.

VIII. RESULTS

A. Calculate the mean absorbance for each Standard, Control or unknown.
B. Using a linear-log graph paper, plot the mean absorbance readings for each of the
standards along the
y-axis versus the DHEA-S concentrations in ng/mL along the x-axis. Alternatively,
any data reduction software designed for immunoassays could be used. Fourparameter curve-fit is recommended.
C. Draw the best fitting curve through the mean of the duplicate points.
D. Determine the DHEA-S concentrations of the Controls and unknowns from the
standard curve by matching their mean absorbance readings with the corresponding
DHEA-S concentrations.

If the absorbance readings exceed the limitations of the instrument, a second reading
at 405 nm is needed (reference filter 600 or 620 if available). In this case, proceed to
construct a second standard curve as above with the absorbance readings of all
Standards at 405 nm. The concentrations of the off-scale samples at 450 nm are
then read from the new standard curve. The readings at 405 nm should not replace
the on-scale readings at 450 nm.

IX. LIMITATIONS
•

The reagents supplied in this kit are optimized to measure DHEA-S levels in saliva.

•

Repeated freezing and thawing of reagents supplied in the kit and of specimens
must be avoided.

•

The results of this assay should be used in conjunction with other pertinent clinical
information.

X. QUALITY CONTROL
•

DSL Controls or other commercial controls should fall within established confidence
limits. The confidence limits for DSL Controls are printed on the Control vial labels.

•

Low and high level controls should be included in each assay.

•

The TMB Solution should be colorless. Development of a blue color may indicate
reagent contamination or instability.
Typical ACTIVE® DHEA-S (Saliva) EIA STANDARD CURVE
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WELL

WELL

MEAN

CONC.

NO.

CONTENTS

ABSORBANCE

(ng/mL)

STANDARDS
A1, A2

A

2.29

0

B1, B2

B

2.05

0.1

C1, C2

C

1.92

0.3

D1, D2

D

1.66

1

E1, E2

E

1.10

5

F1, F2

F

0.73

10

G1, G2

G

.039

30

CAUTION: The above data must not be employed in lieu of data obtained by the user in
the laboratory.
XII. PERFORMANCE CHARACTERISTICS

All performance characteristics are stated in ng/mL.
A. Sensitivity:
The theoretical sensitivity, or minimum detection limit, as calculated by interpolation of
the mean minus two standard deviations of 16 replicates of the 0 ng/mL DHEA-S (Saliva)
Standard, is 0.08 ng/mL.
B. Precision:
The intra-assay precision was determined from the mean of 12 replicates each.
SAMPL

N

E

MEAN

STANDARD DEVIATION

COEFFICIENT OF VARIATION

(ng/mL)

(ng/mL)

(%)

I

12

1.04

0.04

4.0

II

12

3.94

0.27

6.8

III

12

8.99

0.40

4.4

The inter-assay precision was determined from the mean of average duplicates for 12
separate runs.
SAMPL

N

E

MEAN

STANDARD DEVIATION

COEFFICIENT OF VARIATION

(ng/mL)

(ng/mL)

(%)

I

12

0.88

0.09

9.7

II

12

4.48

0.26

5.7

III

12

9.95

0.55

5.5

C. Recovery:
Three serum samples containing different levels of endogenous DHEA-S (Saliva) were
spiked with different amounts of DHEA-S (Saliva) and assayed.
ENDOGENOUS

ADDED

EXPECTED

OBSERVED

RECOVERY
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I

II

(ng/mL)

(ng/mL)

(ng/mL)

(ng/mL)

(%)

1.827

0.5

2.3

2.2

95

1.0

2.8

3.0

107

3.0

4.8

4.9

102

0.5

3.9

4.2

107

1.0

4.4

4.5

102

3.0

6.4

6.7

104

0.5

9.6

9.5

99

1.0

10.1

9.9

98

3.0

12.1

10.8

90

3.42

III

9.09

D. Linearity:
Three serum samples were diluted with 0 pg/mL DHEA-S (Saliva) Standard and assayed.
SAMPLE
I

II

III

DILUTION

EXPECTED

OBSERVED

RECOVERY

FACTOR

(ng/mL)

(ng/mL)

(%)

---

---

9.16

---

1:2

4.58

5.28

115

1:4

2.28

2.59

113

1:8

1.14

1.27

111

1:16

0.57

0.67

117

1:32

0.28

0.23

83

---

---

26.5

---

1:2

13.25

13.48

102

1:4

6.62

6.14

93

1:8

3.31

2.95

89

1:16

1.65

1.38

84

1:32

0.82

0.66

80

---

---

12.82

---

1:2

6.4

6.4

100

1:4

3.2

3.0

94

1:8

1.6

1.3

81

1:16

0.8

0.7

87

SYMBOL LEGEND

Performance Evaluation Only
Leistungsbewertung

Manufacturer
Hersteller

Reference Number
Referenznummer
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Uniquement pour évaluation de la performance

Fabricant

Numéro de référence

Solo per valutazione delle performance

Fabbricante

Numero di riferimento

Sólo para evalución del funcionamiento

Fabricante

Número de referencia

Batch Number

Consult Instructions

Authorized Representative
Bevollmächtigter
Représentant autorisé
Rappresentante autorizzato
Representante autorizado

Temperature Limitation
Temperaturbegrenzung
Limites de température
Limiti di temperatura

Use By
Verfallsdatum:
Utiliser par

Numero di lotto

Utilizar antes de

Número de lote

Caution

Temperature Limitation

Achtung
Attention
Attenzione
Precaución

TMB Chromogen Solution

Stopping Solution

Solution Chromogénique de TMB
Soluzione cromogeno TMB

Solución cromógena de TMB

Numéro de lot

Scade il

Limitación de temperatura

TMB Chromogen-Lösung

Chargennummer

Temperaturbegrenzung
Limites de température
Limiti di temperatura
Limitación de temperatura

Gebrauchsanweisung zu Rate ziehen
Se reporter aux instructions
Consultare le istruzioni
Consulte las instrucciones

Conjugate Diluent
Konjugat- Verdünnungsmittel
Diluant de conjugué
Diluente coniugato
Diluyente de conjugado

Wash Concentrate B 25X

Stopp-Lösung

Waschkonzentrat B 25X

Solution d’arrêt

Concentré de lavage B 25X

Soluzione bloccante
Solución para interrupción de la reacción

Soluzione di lavaggio concentrata B
25X
Concentrado de lavado B 25X

Antiserum
Antiserum
Antisérum
Antisiero
Antisuero

Standard A-G

Control I & II

Standard A-G

Kontrolle I & II

Standard A-G

Controllo I & II

Standard A-G
Estándares A-G

Rabbit Anti-Goat IgG - Precipitating Reagent

Contrôle I & II
Control I & II

Corrosive
Korrosiv
Corrosif
Corrosivo
Corrosivo

APPENDIX B
TELEPHONE HEALTH HISTORY QUESTIONNAIRE 1
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TELEPHONE HEALTH HISTORY FORM
NEUROENDOCRINE & CYTOKINE RESPONSES TO CHALLENGE STUDY
Participant ID:___________________________________________
Screening Date:_________________________________________
Interviewer’s Name:______________________________________
Hello, this is_______________ calling from Penn State University. I am calling regarding an
ongoing research project on hormonal responses to challenge that you expressed an interest in
participating. Do you have a few minutes for me to tell you about the study?
YES - continue
NO. Okay. Is there a better time that I may call you to tell
you more about the study?
YES. Time:____________ Date:_____________
NO. Well, thank you for your time.
To help maintain confidentiality of this conversation, you may wish to use a hardwired telephone
(in other words, not cordless OR A CELL PHONE) if it is available.
The purpose of this study is to see if men and women show different patterns of blood pressure,
immunological, and neuroendocrine responses when asked to complete a series of different tasks in
the laboratory, and whether women’s responses to challenge change during different times of their
menstrual cycle. The study involves one laboratory session. For this session, you will be asked to
come to Penn State’s Clinical Research Center at the Noll Laboratory on campus for 3 1/2 hours in
the afternoon, Monday through Friday (NOTE TO INTERVIEWER: If female, then some
Saturdays). You will be asked to arrive at 1:00 pm and the session will end at 4:30 pm.
Upon arriving at the Penn State Clinical Research Center, you will be seen by a nurse practitioner
who will briefly review your health history, and will go over informed consent for your
participation in the study. In addition, your height and weight will be measured.
If you agree to participate, you will be asked to fill out some questionnaires that will ask you about
your moods, and daily activities. Next, a research assistant will place a blood pressure cuff on your
arm and a needle will be secured in a vein in your arm by a trained nurse in order to draw blood
during the laboratory session.
After a rest period, you will be asked to perform two tasks. The first task will involve preparation
and delivery of a brief speech and the second task will consist of a series of arithmetic problems.
Next, you will be given another rest break, and then asked to complete several questionnaires.
These questionnaires will ask you about your mood, your responses to challenging situations, and
your social relationships.
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Throughout your time at the Research Center, you will be asked to provide 3 saliva samples that
we will use to measure your biochemical responses to the tasks in the study. This procedure is noninvasive and includes chewing on a small piece of cotton in your mouth until it is completely wet.
Whenever we ask you to give a saliva sample, we also will take a blood sample (NOTE TO
INTERVIEWER – ABOUT 8 TABLESPOONS). In addition, we will measure your blood pressure
and heart rate responses during the tasks and rest periods.
Do you have any questions so far?
FOR WOMEN ONLY: Before you come to the lab for your first session, we will need to determine
your menstrual cycle phase. We will determine your menstrual phase based on the date of your last
period. We will use this information to determine the length of your menstrual cycle. Then, your
laboratory session will be scheduled around your ovulation dates. Do you have any questions?
FOR MEN AND WOMEN: You will receive $30 IN CASH for completing the laboratory session.
Do you think that you would like to participate in this study?
NO. Okay. Thank you for your time.
YES – continue:
I now would like to ask you a series of questions about your medical and social history to determine
your eligibility for participating in the study. It should take approximately 10-15 minutes to
complete this screening, and you may choose not to answer any specific questions.
IF PARTICIPANT DOES NOT HAVE TIME TO FINISH TELEPHONE QUESTIONNAIRE:
What is a good time that I may call you to determine
your eligibility for participating in our study?
Time:____________ Date:_____________
Thank you for your time and I’ll speak with you soon.
INTERVIEWER: Begin Health History Questionnaire on next page.
DEMOGRAPHIC INFORMATION
1. What is your gender?
2. What is your date of birth?

_______
Male
_______
Month Day

_______
Female
_______
_______
Year

At least 1982

AGE=18+
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3. What is your ethnic background?
________ White/Caucasian
________ Chinese
________ Japanese
________ Mexican/Chicano/Latin
________ Other (SPECIFY)
4. Is English your primary language?

______
Yes

______
No

5. What is the highest level of education that you have attained? CIRCLE LAST GRADE
COMPLETED
NONE
GRADE SCHOOL……. 1

2

3

4

5

6

7

8

HIGH SCHOOL……… 9

10

11

12

COLLEGE……………. 13

14

15

16+ (ADVANCED DEGREE)

HEALTH
I AM GOING TO READ YOU A LIST OF HEALTH CONDITIONS. PLEASE LET ME KNOW IF A
DOCTOR HAS EVER TOLD YOU THAT YOU HAVE ANY OF THEM. IT IS NOT NECESSARY
FOR YOU TO INDICATE WHICH DIAGNOSIS YOU HAVE RECEIVED.
LIST ALL DISORDERS FOR PARTICIPANTS AND
DO NOT PROBE FOR A SPECIFIC DISORDER
1. Has a doctor ever told you that you have or had any of the following disorders:
a.
b.
c.
d.
e.
f.
g.
h.
i.
j.
k.
l.
m.
n.
o.
p.
q.

Endocrine disorders?
Thyroid problems?
Hypertension/High BP?
Diabetes?
Stroke?
Heart attack?
Irregular heart beat?
Angina (chest pain)?
Congestive heart failure?
Other heart condition? (e.g., murmur, rheumatic heart disease)
Shortness of breath?
Pulmonary/lung disease?
Asthma?
Kidney/renal problems?
Liver disease?
Cancer?
Anemia or other blood conditions?

141
r.
s.
t.
u.

Problems with bleeding?
Problems with memory?
Problems with seizures?
WOMEN ONLY: Premenstrual syndrome?

DID PARTICIPANT SAY YES TO ANY ITEMS? _____YES

NO

2. Do you have any other chronic medical conditions? If so, please
describe:__________________________________________________________________________
__________________________________________________________________________________
Are you right-handed:_______

left-handed:________ (Check one)

3. Do you take any regular medication?

______No

______Yes

Could you please tell me the names?_______
If Yes,

______________________________________
______________________________________
______________________________________

WOMEN ONLY:
3. What about Estrogen/birth control?

______Yes

WOMEN ONLY:
5. Are you taking Depo-Provera?

______Yes

NO

NO

WOMEN AND MEN:
6. What about antidepressants or medications for mood or anxiety/nervousness?
______Yes

NO

Could you please tell me the names?_______
______________________________________
______________________________________
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7. What about oral or parenteral (injected) corticosteroids?
______Yes

NO

Could you please tell me the names?_______
______________________________________
______________________________________

8. Have you ever been hospitalized within the past year? ___Yes

NO

When was that?______________________________________________
9. Have you ever had surgery with general anesthesia within the last year?
___Yes

NO

When was that?______________________________________________

10. Are you a smoker or have you quit smoking within the last year?
___Yes

NO

FOR WOMEN ONLY:
11. Are you currently pregnant or have you been pregnant within the last year?
___Yes

How long ago was that?_________

NO
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FOR WOMEN ONLY:
12. Are you attempting to get pregnant or do you plan to become pregnant within the next year?
___Yes

NO

13. Are your currently lactating or have you breast-fed within the last year?
___Yes

NO

FOR WOMEN ONLY:
14. What was the first date of your last menstrual period?
Date:________/_________
How many days are there between your periods?

21

28

30

32

Other:______

FOR MEN AND WOMEN:
15.

Are you allergic to latex products?

___Yes

NO

16.

Are you allergic to betadine or iodine products?

___Yes

NO

17.

What is your present weight (in pounds):____________

18.

What is your height: _______ feet _______ inches Æ _______ total inches

INTERVIEWER: calculate Body Mass Index from chart

BMI:________
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DEPRESSION
Now I have some questions about your feelings during the past week. For each of the following statement,
please tell me if you felt that way: Rarely or none of the time; some of the time; much of the time; most or all
of the time.
Rarely or
none of
the time

Some
of the
time

Much
of the
time

Most or R
all of
E
the time F

0

1

2

3

6

7

0

1

2

3

6

7

0

1

2

3

6

7

0

1

2

3

6

7

0
0

1
1

2
2

3
3

6
6

7
7

0
0

1
1

2
2

3
3

6
6

7
7

0
0
0
0

1
1
1
1

2
2
2
2

3
3
3
3

6
6
6
6

7
7
7
7

0

1

2

3

6

7

0
0

1
1

2
2

3
3

6
6

7
7

0
0
0
0
0

1
1
1
1
1

2
2
2
2
2

3
3
3
3
3

6
6
6
6
6

7
7
7
7
7

DK

1. I was bothered by things that
usually don’t bother me.

2. I did not feel like eating;
my appetite was poor.

3. I felt that I could not shake
off the blues even with help
from my family and friends.
4. I felt that I was just as
good as other people.

5. I had trouble keeping my
mind on what I was doing.

6. I felt depressed.
7. I felt that everything I did
was an effort.

8. I felt hopeful about the future.
9. I thought my life had been
a failure.

10. I felt fearful.
11. My sleep was restless.
12. I was happy.
13. It seemed that I talked less
than usual.

1. I felt lonely.
2. People were unfriendly.
1.
2.
3.
4.
5.

I enjoyed life.
I had crying spells.
I felt sad.
I felt that people disliked me.
I could not get going.

TOTAL SCORE:________

<16
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CONCLUSION OF TELEPHONE HEALTH HISTORY
One final question. In addition to this current study, we frequently have other
studies about aspects of health. Would you be interested in having us contact
you in the future when we have other studies starting in which you might
participate?
YES…..1
NO……2
For this current study, we cannot include people who have certain health conditions or are taking
certain medications. Therefore, I will have one of our medical staff review the information you gave
me during this telephone call. After that, someone from our research staff will get back in touch
with you. In order to contact you, I will need some additional information:

What is your full name?_________________________________________________
Home Address
Street:_______________________________________________________________
City, State:____________________________________________________________
Zip Code:_____________________________________________________________
Home phone:_______________________
Day/work phone:____________________
Best time and place to reach you:
Morning (8-12):_________________________
Afternoon (1-5):_________________________
Evening (7-9):_________________________
Thank you for your time.
Experimenter: Be sure to remove this page after subject is scheduled for lab session(s).
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PROGESTERONE EIA
DSL-10-3900

Revision date: March 2, 2004.p

Diagnostic Systems Laboratories, Inc. Corporate Headquarters, 445 Medical Center
Blvd. Webster, Texas 77598-4217 USA
General Business: Tel: 281.332.9678 Customer Assistance Center: Tel:
800.231.7970 Fax: 281.338.1895 e-mail: info@dslabs.com Website:
http://www.dslabs.com

OBI-DSL Cherwell Innovation Centre
Upper Heyford Oxon OX25 5HD UK
Tel: 018.6923.8077
Fax 018.6923.8078 Email: Infouk@DSLabs.com

This Package Insert (IFU) is intended for Professional Use and must be read completely before product
use.
I. INTENDED USE

®

The DSL-10-3900 ACTIVE Progesterone Enzyme Immunoassay (EIA) Kit provides materials for the
quantitative measurement of progesterone in serum or plasma. This assay is intended for in vitro
diagnostic use.
II. SUMMARY AND EXPLANATION OF THE TEST
Progesterone (4-Pregnene-3,20-dione) is a steroid produced in the adrenal glands, gonads and placenta.
As with other steroids, progesterone is synthesized from cholesterol via a series of enzyme-mediated steps
[1,2]. The first step is mediated by the enzyme P450scc and involves conversion of cholesterol to
pregnenolone. This step is stimulated by adrenocorticotropic hormone (ACTH) in the adrenal gland and
by gonadotropins in the ovary and placenta [1]. Pregnenolone is then converted to either progesterone
(mediated by 3β-hydroxysteroid dehydrogenase) or 17α-hydroxypregnenolone (mediated by 17αhydroxylase or P450c17). Both progesterone and 17-hydroxypregnenolone can then be converted to 17hydroxyprogesterone, which serves as a precursor for both glucocorticoid and sex steroid synthesis.
Specific sites of progesterone synthesis include the adrenal cortex, the corpus luteum, the testes and the
placenta. Adrenal and testicular production of progesterone is almost immediately shunted into other
steroidogenic pathways and a small amount is released into the blood. Progesterone produced by the
corpus luteum and, during pregnancy, the placenta, serves several independent physiologic functions
related to its ability to convert estrogen-primed uterine endometrium into secretory endometrium [3].
These functions include preparation of the uterine endometrium for implantation of the fertilized oocyte
and maintenance of the endometrium during pregnancy. Progesterone has multiple other actions in female
reproductive physiology, including participation in the feedback regulation of pituitary gonadotropins and
ovarian estrogens, stimulation of mammary gland maturation during lactation, maintenance of the vaginal
epithelium, uterine smooth muscle relaxation during embryogenesis and stimulation of basal body
temperature. Serum levels of progesterone are relatively high at birth due to placental production, fall
rapidly during the first postnatal week and rise during puberty [4]. Serum progesterone levels in adult
men and postmenopausal women are similar to levels in women during the follicular phase of the
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menstrual cycle and reflect adrenal progesterone production. Serum progesterone levels are relatively
high in women during the luteal phase of the menstrual cycle and during pregnancy due to gonadotropin
stimulation. Measurement of serum progesterone concentrations have been used in evaluating ovarian
function [3,5]. The DSL Progesterone EIA kit utilizes an antiserum that is highly specific for
progesterone. Cross-reactivity to other naturally-occurring steroids is low and not significant for most
biological samples [6-7].
III. PRINCIPLE OF THE TEST
The procedure follows the basic principle of enzyme immunoassay where there is competition between an
unlabeled antigen and an enzyme-labeled antigen for a fixed number of antibody binding
sites. The amount of enzyme-labeled antigen bound to the antibody is inversely
proportional to the concentration of the unlabeled analyte present. Unbound materials are
removed by decanting and washing the wells.
IV. REAGENTS SUPPLIED
A. GARG-Coated Microtitration Strips:
One stripholder, containing 96 polystyrene microtitration wells with goat anti-rabbit IgG immobilized to
the inside wall of each well. Store at 2-30°C until expiration date in the resealable pouch with a desiccant
to protect from moisture.
B. Progesterone Standards:
One vial, 1 mL, labeled A, containing 0 ng/mL, and five vials, 0.5 mL each, labeled B-F,
containing concentrations of approximately 0.3, 1.3, 7.5, 30, 80 ng/mL in human serum
with a non-mercury preservative. Refer to vial labels for exact concentrations. Store
unopened at 2-8°C until kit expiration date. Store opened vials at 2-8°C for up to three
weeks. For longer periods, store at -20°C or lower until expiration date.
STANDARDIZATION NOTE: Due to the lack of universally accepted material, the reference
preparation of the Progesterone Standards & Controls was obtained from Sigma, USA, purified by HPLC,
purity verified (single spot) by Thin Layer Chromotography and performance verified by immunoassay.
C. Progesterone Controls:
Two vials, 0.5 mL each, Levels I and II, containing low and high concentrations of progesterone in human
serum with a non-mercury preservative. Refer to vial labels for exact concentrations. Store unopened at
2-8°C until kit expiration date. Store opened vials at 2-8°C for up to three weeks. For longer periods,
store at -20°C or lower until expiration date.
D. Progesterone Antiserum:
One vial, 11 mL, containing rabbit anti-progesterone serum in a protein (BSA) based buffer with a nonmercury preservative. Store at 2-8 °C until expiration date.
E. Progesterone Enzyme Conjugate Concentrate:
One vial, containing 0.3 mL of a solution of progesterone conjugated to horseradish
peroxidase (HRPO) in buffer with a non-mercury preservative. Dilute 1:50, just prior to
use, in Progesterone Conjugate Diluent. Store at 2-8°C until expiration date.
NOTE: The dilution of this reagent should be made prior to each run.
F. Conjugate Diluent D:
One vial, 11 mL, containing a buffer with a non-mercury preservative. Store at 2-8°C until expiration
date.
G. TMB Chromogen Solution:
One vial, 11 mL, containing a solution of tetramethylbenzidine (TMB) in citrate buffer with hydrogen
peroxide. Store at 2-8°C until expiration date.
H. Wash Concentrate:
One bottle, 60 mL, containing buffered saline with a nonionic detergent. Store at room temperature
(~25°C). Dilute 25-fold with deionized water prior to use.
I. Stopping Solution:
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One vial, 11 mL, containing 0.2 M sulfuric acid. Store at 2-8°C until expiration date.
NOTE: All reagents and samples must be allowed to reach room temperature (~25° C) and mixed
thoroughly by gentle inversion before use.
V. PRECAUTIONS
For in vitro use only
Not for Internal or External Use in Humans or Animals
The following Good Laboratory Practices should be observed:
• Do not eat, drink, smoke, or apply cosmetics where immunodiagnostic materials are being handled.
• Do not pipet by mouth.
• Wear lab coats and disposable gloves when handling immunodiagnostic materials.
• Wash hands thoroughly afterwards.
• Cover working area with disposable absorbent paper.
• Wipe up spills immediately and decontaminate affected surfaces.
• Avoid generation of aerosols.
• Provide adequate ventilation.
• Handle and dispose of all reagents and material in compliance with applicable regulations.
WARNING: POTENTIAL BIOHAZARDOUS MATERIAL This kit may contain some reagents made
with human source material (e.g. serum or plasma) or used in conjunction with human source
materials. The material in this kit has been tested by FDA recommended methods and found to be
non-reactive for HIV-1/2 Antibodies, HCV and HBsAg. No available test method can offer complete
assurance of eliminating potential biohazardous risk. Handle all reagents and patient samples at a
Biosafety Level 2, as recommended for any potentially infectious human material in the Centers for
Disease Control/National Institutes of Health manual "Biosafety in Microbiological and Biomedical
th

Laboratories," 4 Edition, April 1999.
®,

WARNING: POTENTIAL CHEMICAL HAZARD Some reagents in this kit contain ProClin
®,

as a

preservative. ProClin TMB, hydrogen peroxide, and sulfuric acid, in concentrated amounts are irritants
to skin and mucous membranes. These substances are in diluted form and therefore may minimize
exposure risks significantly but not completely. Provide adequate ventilation. Avoid contact with skin,
eyes, and clothing. In case of contact with any of these reagents, wash area thoroughly with water and
seek medical advice. Dispose of all nonradioactive reagents by flushing with large volumes of water to
prevent buildup of chemical hazards in the plumbing system. For further information regarding
hazardous substances in the kit, please refer to the component specific MSDS, either at DSLabs.com or by
request.
VI. SPECIMEN COLLECTION AND PREPARATION
Serum or plasma should be used and the usual precautions for venipuncture should be
observed. The serum or plasma may be stored at 2-8°C for up to 24 hours. For longer
periods, store at -20°C or lower for up to 2 years in airtight containers. Avoid repeated
freezing and thawing of samples.
Do not use hemolyzed or lipemic samples. Frozen samples should be thawed and mixed thoroughly by
gentle swirling or inversion prior to use.
VII. PROCEDURAL NOTES
A thorough understanding of this package insert is necessary for successful use of the product. Reliable
results will only be obtained by using precise laboratory techniques and accurately following the package
insert. A standard curve must be included with each assay.
Bring all kit reagents and specimens to room temperature (~25°C) before use. Thoroughly mix the
reagents and samples before use by gentle inversion.
Do not mix various lots of any kit component within an individual assay. Do not use any component
beyond the expiration date shown on its label.
Incomplete washing will adversely affect the outcome and assay precision.
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To minimize potential assay drift due to variation in the substrate incubation time, care should be
taken to add the stopping solution into the wells in the same order and speed used to add the TMB
solution.
Avoid microbial contamination of reagents, especially of the conjugate concentrate and the conjugate
diluent. Avoid contamination of the TMB Chromogen Solution with the Enzyme Conjugate. Use a clean
disposable pipette tip for each reagent, Standard, Control or specimen. For dispensing sulfuric acid and
TMB Chromogen Solution, avoid pipettes with metal parts.
Containers and semi-automatic pipette tips used for the Enzyme Conjugate Solution and the TMB
Chromogen Solution can be reused provided they are thoroughly rinsed with distilled water and dried
prior to and after each usage.
The enzyme used as the label is inactivated by oxygen, and is highly sensitive to
microbial contamination, sodium azide, hypochlorous acid and aromatic
chlorohydrocarbons often found in laboratory water supplies. Use high quality water.
Avoid exposure of the reagents to excessive heat or direct sunlight during storage and
incubation.

VIII. TEST PROCEDURE
A. Materials
Supplied:

®

Materials supplied in the DSL ACTIVE
Progesterone EIA Kit, Catalog No. DSL-10-3900

MATERIAL

CATALOG NO.

Progesterone Standard A

10-3901

Progesterone Standard B

10-3902

Progesterone Standard C

10-3903

Progesterone Standard D

10-3904

Progesterone Standard E

10-3905

Progesterone Standard F

10-3906

GARG-Coated Microtitration
Strips

10-3731

Progesterone Antiserum

10-3910

Progesterone Enzyme
Conjugate Concentrate

10-3920

Conjugate Diluent D

151
10-2045

Progesterone Control Level I

10-3951

Progesterone Control Level II

10-3952

TMB Chromogen Solution

10-9755

Wash Concentrate B

10-9730

Stopping Solution A

10-9780
B. Materials Required But Not Supplied
• Microtitration plate reader capable of absorbance measurement at 450 nm and preferentially capable of
dual wavelength correction at 600 or 620 nm
• Deionized water
• Precision pipette to deliver 50 μL
• Semi-automatic pipette to deliver 100 μL
• Microtitration plate shaker capable of 500 - 700 orbital revolutions per minute (rpm)
• Automatic microtitration plate washer
• Vortex mixer
• Absorbent materials for blotting the strips
• Linear-log graph paper for manual data reduction
C. Preparation of Reagents:
1. Wash Solution
Pour 60 mL of the Wash Concentrate into a clean container and dilute by adding up to 1500 mL of
deionized water (25X). The Wash Solution is stable for one month at room temperature (~25°C),
provided the bottle is kept tightly sealed.
2. Enzyme Conjugate Solution
The Enzyme Conjugate Solution should be diluted at a ratio of 1 part Enzyme Conjugate Concentrate
into 50 parts Conjugate Diluent, according to the number of wells used. If an entire plate is to be
used, pipet exactly 220 μL of the Enzyme Conjugate Concentrate into 11 mL of the Conjugate
Diluent. The Enzyme Conjugate Solution should be prepared 15-20 minutes prior to performing the
assay.
3. Microtitration Wells
Select the number of coated wells required for the assay. The remaining unused wells should be placed in
the resealable pouch with a desiccant. The pouch must be resealed to protect from moisture.
D. Assay Procedure:
Allow all specimens and reagents to reach room temperature (~25°C) and mix thoroughly by gentle
inversion before use. Standards, Controls and unknowns should be assayed in duplicate.
1. Mark the microtitration strips to be used.
2. Prepare the Enzyme Conjugate Solution by diluting the Enzyme Conjugate Concentrate in the
Conjugate Diluent as described under the Preparation of the Reagents section of this package insert.
3. Pipet 50 µL of the Standards, Controls and unknowns into the appropriate wells.
4. Add 100 µL of the Enzyme Conjugate Solution to each well using a semi-automatic dispenser. Gently
tap the well holder for 5-10 seconds.
5. Add 100 µL Progesterone Antiserum to each well using a semi-automatic dispenser. Gently tap the
well holder for 5-10 seconds.
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6. Incubate the wells shaking at fast speed (500-700 rpm) at room temperature for one hour.
7. Aspirate and wash each well 5 times with the Wash Solution using an automatic microplate washer.
Blot dry by inverting plate on absorbent material.
NOTE: Use of an automatic microplate washer is strongly recommended. Incomplete washing will
adversely affect assay precision. If a microplate washer is not available, (a) completely aspirate the
liquid from each well, (b) dispense 0.35 mL of the Wash Solution into each well, and (c) repeat steps
(a) and (b) five times.
8. Add 100 μL of the TMB Chromogen Solution to each well using a semi-automatic dispenser.
9. Incubate the wells shaking at a fast speed (500-700 rpm) at room temperature (~25°C) for 30 minutes.
Avoid exposure to direct sunlight.
NOTE: Please be aware that the color may develop more quickly or more slowly than the recommended
incubation time depending on the localized room temperature. Please visually monitor the color
development to optimize the incubation time.
10. Add 100 µL of the Stopping Solution to each well using a semi-automatic dispenser.
11. Read the absorbance of the solution in the wells within 30 minutes, using a microplate reader set to
450 nm.
NOTE: If wavelength correction is available, set the instrument to dual wavelength measurement at 450
nm with background wavelength correction set at 600 or 620 nm.
IX. RESULTS
A. Calculate the mean absorbance for each Standard, Control or unknown.
B. Using a linear-log graph paper, plot the mean absorbance readings for each of the standards along the
y-axis versus the progesterone concentrations in ng/mL along the x-axis. Alternatively, any data
reduction software designed for immunoassays could be used. Four-parameter curve-fit is
recommended.
C. Draw the best fitting curve through the mean of the duplicate points.
D. Determine the progesterone concentrations of the Controls and unknowns from the standard curve by
matching their mean absorbance readings with the corresponding progesterone
concentrations.
If the absorbance readings exceed the limitations of the plate reader, a second reading at 405 nm is needed
(reference filter 600 or 620 if available). In this case, proceed to construct a second standard curve as
above with the absorbance readings of all Standards at 405 nm. The concentration of the off-scale
samples at 450 nm are then read from the new standard curve. The readings at 405 nm should not
replace the on-scale readings at 450 nm.
X. LIMITATIONS
• The reagents supplied in this kit are optimized to measure progesterone levels in serum or plasma.
• Repeated freezing and thawing of reagents supplied in the kit and of specimens must be avoided.
• Hemolyzed and lipemic specimens may give false values and should not be used.
• The results of this assay should be used in conjunction with other pertinent clinical information.
XI. QUALITY CONTROL
• DSL Controls or other commercial controls should fall within established confidence limits. The
confidence limits for DSL Controls are printed on the Control vial labels.
XII.
EXPECTE
D VALUES

These results are
offered as an
initial guide only.
Each laboratory
should determine
its own ranges for
expected values

POPULATION
N

MEAN
(ng/mL)

MEDIAN

(ng/mL)
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• Low and
high level
controls
should be
included in
each assay.

based on a
representative
sample
population.

(ng/mL)

Females
Follicular Phase
Luteal Phase
Oral
Contraceptives
Adult Males

22 18 17
25

1.46
13.44
1.36 1.35

1.39
11.83
1.19 1.27

•
The
TMB
Solution should be
colorless.
Development of a
blue color may
indicate
reagent
contamination or

instability.
ABSOLUTE RANGE
0.58-2.34 0.00-27.78 0.00-2.56 0.51-2.19
0.75-2.52 3.10-31.50 0.55-2.91 0.82-2.32
XIII. PERFORMANCE CHARACTERISTICS
All performance characteristics are stated in ng/mL. To convert to nmol/L:
ng/mL x 3.18= nmol/L
A. Sensitivity:
The theoretical sensitivity, or minimum detection limit, as calculated by interpolation of the mean minus
two standard deviations of 14 replicates of the 0 ng/mL progesterone Standard, is 0.13 ng/mL.
B. Precision:

The intra-assay precision was determined
from the mean of 8 replicates each.

COEFFICIENT OF
VARIATION (%)

SAMPLE

N

MEAN
(ng/mL)

I II III

88
8

1.02 9.61
28.91

SAMPLE

N

MEAN
(ng/mL)

STANDARD DEVIATION(ng/mL)
0.07 0.30 0.99
7.0 3.2 3.4
The inter-assay precision was determined
from the mean of average duplicates for 12
separate runs.
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COEFFICIENT OF
VARIATION (%)

I II III

12
12
12

0.90 3.54
21.35

STANDARD DEVIATION(ng/mL)
0.04 0.15 0.88
5.0 4.2 4.1
C. Recovery:

Three serum samples
containing different
levels of endogenous
progesterone were spiked
with different amounts of
progesterone and
assayed.

SAMPLE

RECOVERY
(%)

I

II
III

ENDOGENOUS
(ng/mL)

ADDED
(ng/mL)

EXPECTED
(ng/mL)

2.80 2.28
2.69

0.6 4.8
16.0 0.60
4.8 16.0
0.6 4.8
16.0

3.4 7.6 18.8
2.88 7.08 18.28
3.3 7.49 18.69

OBSERVED (ng/mL)
3.8 9.7 20.9 2.89 7.35 16.54 3.98 8.84 20.3
112 128 111 100 104 90 121 118 109
D. Linearity:

Three serum
samples were diluted
with 0 pg/mL
Progesterone
Standard and
assayed.

RECOVERY
(%)

SAMPLE

I

II
III

DILUTION
FACTOR

EXPECTED
(ng/mL)

--- 1:2 1:4 1:8
1:16 --- 1:2 1:4
1:8 --- 1:2 1:4
1:8 1:16

--- 16.05 8.03 4.01
2.05 --- 12.1 6.05
3.03 --- 4.32 2.16
1.08 0.54

OBSERVED (ng/mL)
32.08 14.80 7.39 3.67 1.80 24.18 10.67 4.94 2.57 8.64 4.64 2.20 1.17 0.48
--- 92 92 92 88 --- 88 82 86 --- 107 102 109 100
E. Method Comparison:

®
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The DSL-10-3900 ACTIVE progesterone EIA has been compared to another commercially available
progesterone kit (Method X). One hundred six (106) samples were assayed and linear regression analysis
of the results yielded the following:
n = 106
Regression: [DSL-10-3900] = 0.96 [Method X] + 0.57
XIV. REFERENCES
1. Miller WL: Molecular biology of steroid hormone synthesis. Endocrin Rev 9:295-318, 1988.
2. Nulsen JC, Peluso JJ: Regulation of ovarian steroid production. Infertil Reproduct Med Clin North
Amer 3:43-58, 1992.
3. Metzger DA: Sex steroid effects on the endometrium. Infertil Reproduct Med Clin North Amer 3:163186, 1992.
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Principles of Competitive Protein Binding Assays. J. B. Lippincott Co., Philadelphia, pp. 1-19, 1971.
7. Tietz: Textbook of Clinical Chemistry, 2nd Ed., Burtis CA, Ashwood ER, eds. W.B. Saunders
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I. INTENDED USE

®

The DSL-10-4300 ACTIVE Estradiol Enzyme Immunoassay (EIA) Kit provides materials for the
quantitative measurement of estradiol in serum. This assay is intended for in vitro diagnostic use.
II. PRINCIPLE OF THE TEST
Estradiol [1,3,5(10)-Estratrien-3,17β-diol; 17β-estradiol; E ), a C steroid, is the most potent naturally
2
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secreted estrogen and is the major estrogen produced by the ovary [1]. In the ovary, estradiol is
produced by demethylation and aromatization of testosterone [1,2]. Ovarian estradiol is also
produced from estrone
[3-Hydroxy-1,3,5(10)-estratrien-17-one; E ], a less potent estrogen derived from androstenedione. Estrone
1

and estradiol are interconverted in many body tissues. In men, small amounts of estradiol are produced in
the testes and from peripheral conversion of androgens. Circulating levels of estradiol increase during
fetal life, are relatively high at term in both sexes, decrease rapidly postnatally, show a small increase in
early infancy, and are low in prepubertal children [3]. Circulating estradiol levels increase gradually
during puberty in both sexes, although the absolute levels are higher in females [3]. In adult
premenopausal women, ovarian estradiol production is stimulated by the interactions of luteinizing
hormone (LH) and follicle-stimulating hormone (FSH) throughout the menstrual cycle. The increasing
estradiol levels during the follicular phase of the menstrual cycle appear to enhance gonadotropin
stimulation, leading to a midcycle gonadotropin surge and subsequent ovulation [1]. Increased estradiol
(and progesterone) levels during the luteal phase inhibit gonadotropin secretion. In adult men and
postmenopausal women, estradiol production is low and estrone is the major estrogen in the circulation.
Most of the circulating estradiol is bound to either sex hormone-binding globulin (SHBG) [4] or, with
lower affinity, to albumin. The small amounts of free and dissociable estradiol have diverse biological
actions mediated by binding to specific intracellular receptors. The biological actions of estradiol include
stimulation of linear bone growth, acceleration of epiphyseal closure, stimulation of mammary
development, and maturation of the vaginal mucosa and uterine endometrium. Estradiol may also
contribute to the development of the female (gynoid) body habitus, and may have metabolic and
behavioral effects [1]. In female isosexual precocious puberty, high estradiol levels with low
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gonadotropin levels are observed in cases of ovarian cysts and tumors, and in gonadotropinindependent precocious puberty (McCune-Albright syndrome) [5], while elevated estradiol and
gonadotropin levels are consistent with central precocious puberty. In males, increased estradiol
production may be observed in certain tumors, especially of the testes, although circulating estradiol
levels may be only minimally elevated [6]. In adult women, estradiol levels are measured in the
evaluation of fertility and menstrual irregularities, and to monitor ovarian follicular function during
induction of ovulation (e.g. as part of an in vitro fertilization procedure) [7]. Many immunoassay and
bioassay methods have been used to quantify estrogens. The DSL Estradiol EIA Kit uses an antibody with
high affinity for estradiol and low cross-reactivity to other naturally-occurring estrogens.
III. PRINCIPLE OF THE TEST
®

The DSL-10-4300 ACTIVE Estradiol EIA Kit uses the competitive binding enzyme immunoassay
format. In the assay, Standards, Controls and unknowns containing estradiol are incubated with biotinlabeled estradiol and rabbit anti-estradiol antiserum in microtitration wells where the unlabeled and
biotin-labeled antigens compete for a limited number of anti-estradiol binding sites. After incubation and
washing, the wells are incubated with streptavidin-horseradish peroxidase (HRPO), which binds to the
biotinylated estradiol. The unbound streptavidin-HRPO is washed, followed by incubation with the
substrate tetramethylbenzidine (TMB). An acidic stopping solution is then added and the degree of
enzymatic turnover of the substrate is determined by dual wavelength absorbance measurement at 450 and
620 nm.
IV. REAGENTS
®

The DSL-10-4300 ACTIVE Estradiol EIA Kit contains sufficient reagents for 96 wells. Each kit
contains the following reagents:
A. Anti-Estradiol-Coated Microtitration Strips:
One stripholder containing 96 microtitration wells coated with rabbit anti-estradiol IgG immobilized to
the inside wall of each well. Store at 2-8°C until expiration date in the resealable pouch with a desiccant
to protect from moisture.
B. Estradiol Standards:
One vial, 3.0 mL, labeled A, containing 0 pg/mL, and six vials, 1.0 mL each, labeled B-G, containing
concentrations of approximately 20, 50, 250, 750, 2000 and 6000 pg/mL (0.07 - 22 nmol/L) estradiol in
human serum with a non-mercury preservative. Refer to vial labels for exact concentrations. Store
unopened at 2-8°C until expiration date. Store opened vials at 2-8°C for up to 3 weeks. For longer
periods, store at
-20°C or lower until expiration date.
Note: The reference preparation used for preparing the DSL Estradiol Standards was obtained from
Steraloids, Inc., USA, and was quantified by Thin Layer Chromotography.
C. Estradiol Controls:
Two vials, 1.0 mL each, Levels I and II, containing low and high concentrations of estradiol in human
serum with a non-mercury preservative. Refer to Control vial labels for ranges. Store unopened at 2-8°C
until expiration date. Store opened vials at 2-8°C for up to 3 weeks. For longer periods, store at -20°C or
lower until expiration date.
D. Estradiol-Biotin Conjugate Concentrate:
One vial, 0.3 mL, containing biotinylated estradiol in a protein-based (BSA) buffer with a non-mercury
preservative. Dilute prior to use with the Estradiol-Biotin Conjugate Diluent. Store at 2-8°C until
expiration date.
NOTE: The dilution of this reagent should be made just prior to use.
E. Estradiol-Biotin Conjugate Diluent:
One bottle, 11 mL, containing a protein-based (BSA) buffer with a non-mercury preservative. Store at 28°C until expiration date.
F. Streptavidin-Enzyme Conjugate Concentrate:
One amber vial, 0.6 mL, containing streptavidin-HRPO concentrate in a protein-based (BSA) buffer and a
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non-mercury preservative. Dilute 5 - 10 minutes prior to use with the Streptavidin-Enzyme Conjugate
Diluent. Store at 2-8°C until expiration date.
G. Streptavidin-Enzyme Conjugate Diluent:
One bottle, 22 mL, containing protein-based (BSA) buffer with EDTA. Store unopened or opened and
tightly covered at 2-8°C until expiration date.
H. TMB Chromogen Solution:
One amber bottle, 11 mL, containing a solution of tetramethylbenzidine (TMB) in citrate buffer with
hydrogen peroxide. Store at 2-8°C until expiration date.
I. Wash Concentrate:
One bottle, 60 mL, containing buffered saline with a nonionic detergent. Dilute 25-fold with deionized
water prior to use. Store room temperature (~25°C) or at 2-8°C until expiration date.
J. Stopping Solution:
One bottle, 11 mL, containing 0.2M sulfuric acid. Store at 2-8°C until expiration date.
NOTE: All reagents and samples must be allowed to reach room temperature (~25° C) and mixed
thoroughly by gentle inversion before use.
V. PRECAUTIONS
For in vitro use only
Not for Internal or External Use in Humans or Animals
The following Good Laboratory Practices should be observed:
• Do not eat, drink, smoke, or apply cosmetics where immunodiagnostic materials are being handled.
• Do not pipet by mouth.
• Wear lab coats and disposable gloves when handling immunodiagnostic materials.
• Wash hands thoroughly afterwards.
• Cover working area with disposable absorbent paper.
• Wipe up spills immediately and decontaminate affected surfaces.
• Avoid generation of aerosols.
• Provide adequate ventilation.
• Handle and dispose of all reagents and material in compliance with applicable regulations.
WARNING: POTENTIAL BIOHAZARDOUS MATERIAL This kit may contain some reagents made
with human source material (e.g. serum or plasma) or used in conjunction with human source materials.
The material in this kit has been tested by FDA recommended methods and found to be non-reactive for
HIV-1/2 Antibodies, HCV and HBsAg. No available test method can offer complete assurance of
eliminating potential biohazardous risk. Handle all reagents and patient samples at a Biosafety Level 2, as
recommended for any potentially infectious human material in the Centers for Disease Control/National
th

Institutes of Health manual "Biosafety in Microbiological and Biomedical Laboratories," 4 Edition,
April 1999.
WARNING: POTENTIAL CHEMICAL HAZARD Some reagents in this kit contain
®,

®,

ProClin as a preservative. ProClin TMB, hydrogen peroxide, and sulfuric acid, in
concentrated amounts are irritants to skin and mucous membranes. These substances are in
diluted form and therefore may minimize exposure risks significantly but not completely. Provide
adequate ventilation. Avoid contact with skin, eyes, and clothing. In case of contact with any of
these reagents, wash area thoroughly with water and seek medical advice.
Dispose of all nonradioactive reagents by flushing with large volumes of water to prevent buildup of
chemical hazards in the plumbing system. For further information regarding hazardous substances in the
kit, please refer to the component specific MSDS, either at DSLabs.com or by request.
VI. SPECIMEN COLLECTION AND PREPARATION
Serum should be used and the usual precautions for venipuncture should be observed. Specimens may be
stored in glass tubes at 2-8°C for up to 24 hours and may be frozen at -20°C or lower for up to two
months [8]. Do not use hemolyzed or lipemic specimens. Avoid repeated freezing and thawing of
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samples.
VII. PROCEDURAL NOTES
A thorough understanding of this package insert is necessary for successful use of the product. Reliable
results will only be obtained by using precise laboratory techniques and accurately following the
package insert. A standard curve must be included with each assay. Bring all kit reagents and
specimens to room temperature (~25°C) before use. Thoroughly mix the reagents and samples
before use by gentle Inversion. Do not mix various lots of any kit component within an individual
assay. Do not use any component beyond the expiration date shown on its label. Incomplete
washing will adversely affect the outcome and assay precision. To minimize potential assay drift
due to variation in the substrate incubation time, care should be taken to add the stopping solution
into the wells in the same order and speed used to add the TMB Chromogen Solution. Avoid
microbial contamination of reagents, especially of the conjugate concentrate and the conjugate
diluent. Avoid contamination of the TMB Chromogen Solution with the Enzyme Conjugate. Use
a clean disposable pipette tip for each reagent, Standard, Control or specimen. For dispensing
sulfuric acid and TMB Chromogen Solution, avoid pipettes with metal parts. Containers and
semi-automatic pipette tips used for the Enzyme Conjugate Solution and the TMB Chromogen
Solution can be reused provided they are thoroughly rinsed with distilled water and dried prior to
and after each usage.
The enzyme used as the label is inactivated by oxygen, and is highly sensitive to microbial contamination,
sodium azide, hypochlorous acid and aromatic chlorohydrocarbons often found in laboratory water
supplies. Use high quality water. Avoid exposure of the reagents to excessive heat or direct sunlight
during storage and incubation.
VIII. TEST PROCEDURE
®
A. Materials
Materials supplied in the DSL ACTIVE Estradiol
Supplied:
EIA Kit, Catalog No. DSL-10-4300:

MATERIAL

CATALOG NO.

Estradiol Standard A

4401

Estradiol Standard B

4402

Estradiol Standard C

4403

Estradiol Standard D

4404

Estradiol Standard E

4405

Estradiol Standard F

4406

Estradiol Standard G

4407

Anti-Estradiol-Coated
Microtitration Strips
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10-4310

Estradiol Biotin Conjugate
Concentrate

10-4320

Streptavidin-Enzyme
Conjugate Concentrate

10-4325

Estradiol-Biotin Conjugate
Diluent

10-4340

Streptavidin-Enzyme
Conjugate Diluent

10-4350

Estradiol Control Level I

4451

Estradiol Control Level II

4452

TMB Chromogen Solution

10-9755

Wash Concentrate B

10-9730

Stopping Solution A

10-9780
B. Materials Required but not Supplied:
• Microtitration plate reader capable of absorbance measurement at 450 nm and preferentially capable of
dual wavelength correction at 600 or 620 nm
• Deionized water
• Precision pipette to deliver 50 µL
• Semi-automatic pipette to deliver 100 µL and 200 µL
• Microtitration plate shaker capable of 500 - 700 orbital revolutions per minute (rpm)
• Automatic microtitration plate washer
• Vortex mixer
• Absorbent materials for blotting the strips
• Linear-log graph paper for manual data reduction
C. Preparation of Reagents:
1. Wash Solution
Pour 60 mL of the Wash Concentrate into a clean container and dilute by adding 1500 mL of deionized
water. The Wash Solution is stable for one month at room temperature (~25 °C) when stored in a tightly
sealed bottle.
2. Estradiol-Biotin Conjugate Solution
The Estradiol-Biotin Conjugate Concentrate should be diluted at a ratio of 1 part into 50 parts of the
Estradiol-Biotin Conjugate Diluent according to the number of wells used. If an entire plate is to be used,
pipet exactly 220 μL of the Estradiol-Biotin Conjugate Concentrate in 11 mL of the Estradiol-Biotin
Conjugate Diluent.
3. Streptavidin-Enzyme Solution
The Streptavidin-Enzyme Conjugate Concentrate should be diluted at a ratio of 1 part into 50 parts of the
Streptavidin-Enzyme Conjugate Diluent, according to the number of wells used. If an entire plate is to be
used, pipet exactly 420 µL of the Streptavidin-Enzyme Conjugate Concentrate in 21 mL of the
Streptavidin-Enzyme Conjugate Diluent.
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NOTE: The Streptavidin-Enzyme Conjugate Concentrate must be diluted immediately prior to use in
the assay.
4. Microtitration Wells
Select the number of coated wells required for the assay. The remaining unused wells should be placed in
the resealable pouch with a desiccant. The pouch must be resealed to protect from moisture.
D. Assay Procedure:
Allow all specimens and reagents to reach room temperature (~25°C) before use. Standards, Controls and
unknowns should be assayed in duplicate.
1. Mark the microtitration strips to be used.
2. Pipet 50 µL of each Standard, Control and unknown to the appropriate wells.
3. Prepare the Estradiol-Biotin Conjugate Solution as described in the Preparation of the Reagents section
of this package insert.
4. Add 100 µL of the Estradiol-Biotin Conjugate Solution to each well using a semi-automatic dispenser.
5. Incubate the wells, shaking at a fast speed (500-700 rpm) on an orbital microplate shaker, for 1 hour at
room temperature (~25°C).
6. Aspirate and wash each well five times with the Wash Solution using an automatic microplate washer.
Blot dry by inverting plate on absorbent material.
NOTE: Use of an automatic microplate washer is strongly recommended. Incomplete washing will
adversely affect assay precision. If a microplate washer is not available, (a) completely aspirate the liquid
from each well, (b) dispense 0.35 mL of the Wash Solution into each well, and (c) repeat steps (a) and (b)
five times.
7. Dilute the Streptavidin-Enzyme Conjugate Solution as directed in the Preparation of the Reagents
section of this package insert.
8. Add 200 μL of the Streptavidin-Enzyme Conjugate Solution (prepared in Step 7) to each well using a
semi-automatic dispenser.
9. Incubate the well, shaking at a fast speed (500-700 rpm) on an orbital microplate shaker, for 30 minutes
at room temperature (~25°C).
10. Aspirate and wash each well five times with the Wash Solution using an automatic microplate washer.
Blot dry by inverting plate on absorbent material.
NOTE: Use of an automatic microplate washer is strongly recommended. Incomplete washing will
adversely affect assay precision. If a microplate washer is not available, (a) completely aspirate the liquid
from each well, (b) dispense 0.35 mL of the Wash Solution into each well, and (c) repeat steps (a) and (b)
five times.
11. Add 100 µL of the TMB Chromogen Solution to each well using a semi-automatic dispenser.
12. Incubate the wells, shaking at a fast speed (500-700 rpm) on an orbital microplate shaker, for 30
minutes at room temperature (~25°C). Avoid exposure to direct sunlight.
NOTE: Please be aware that the color may develop more quickly or more slowly than the recommended
incubation time depending on the localized room temperature. Please visually monitor the color
development to optimize the incubation time.
13. Add 100 µL of the Stopping Solution to each well using a semi-automatic dispenser.
14. Read the absorbance of the solution in the wells within 30 minutes, using a microplate reader set to
450 nm.
NOTE: If wavelength correction is available, set the instrument to dual wavelength measurement at 450
nm with background wavelength correction set at 600 or 620 nm.
IX. RESULTS
A. Calculate the mean absorbance for each Standard, Control or unknown.
B. Using a linear-log graph paper, plot the estradiol concentration in pg/mL along the x-axis (log) versus
the mean absorbance readings for each of the standards along the y-axis (linear). Alternatively, any
data reduction software designed for immunoassays could be used. Four-parameter curve-fit is
recommended.
C. Draw the best fitting curve through the mean of the duplicate points.
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D. Determine the estradiol concentrations of the Controls and unknowns from the standard curve
by matching their mean absorbance readings with the corresponding estradiol concentrations.
If the absorbance readings exceed the limitation of the plate reader, a second reading at 405 nm is needed
(reference filter 600 or 620 if available). In this case, proceed to construct a second standard curve
as above with the absorbance readings of all Standards at 405 nm. The concentrations of the offscale samples at
450 nm are then read from the new standard curve. The readings at 405 nm should not replace the onscale readings at 450 nm.
X. LIMITATIONS
• The reagents supplied in this kit are optimized to measure estradiol levels in serum.
• Avoid repeated freezing and thawing of reagents and specimens.
• Hemolyzed, icteric or lipemic specimens should be avoided.
XI. QUALITY CONTROL
®

• The DSL Controls or other commercial controls
should fall within established confidence limits. The
confidence limits for the DSL controls are printed on
the Control vial labels. Low and high level controls
should be run with each assay.

ACTIVE
ESTRADIOL EIA
STANDARD
CURVE

WELL
NO.

WELL
CONTENTS

CONC. (pg/mL)

F1, F2
G1, G2
STANDARDS
A
B
C
D
E

F
G
-2.179
2.080
1.868
1.101
0.530

0.233
0.123
-0
20
50
250
750

A1, A2
B1, B2
C1, C2
D1, D2
E1, E2

MEAN ABSORBANCE
2000
6000
CAUTION: The above data must not be employed in lieu of data obtained by the user in the laboratory.
XII.
EXPECTED
VALUES

It is recommended that each
laboratory establish its own normal
ranges for estradiol. An expected
range study was performed using the
DSL-4400 Estradiol RIA kit. Serum
samples from seven normally
ovulating women were analyzed
during the follicular phase and luteal
phase of a menstrual cycle. Thirtythree serum samples from women
receiving ovulation induction
treatment or in their first trimester of
pregnancy were analyzed. Seventeen
serum samples from apparently
healthy adult males were also

GROUP

N

MEAN ±
1SD
(pg/mL)
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analyzed.
MEDIAN
(pg/mL)

Females: Follicular Phase Luteal
Phase Ovulation Induction/ 1st
Trimester
Males:

7 7 33
17

143.7 ±
92.6
173.7 ±
121.1
1068.7 ±
953.2
40.2 ±
14.5

53.0 257.6 74.4
- 405.7
102.0 3593.0
15.3 65.9

ABSOLUTE RANGE (pg/mL)
115.0 112.3 763.9 39.3
XIII. PERFORMANCE CHARACTERISTICS
All performance characteristics are stated in pg/mL. To convert to nmol/L:
pg/mL x 0.0037= nmol/L
A. Sensitivity:
The theoretical sensitivity, or minimum detection limit, as calculated by interpolation of the mean minus
two standard deviations of 8 replicates of the 0 pg/mL Estradiol EIA Standard, is 7 pg/mL.
B. Precision:

The intra-assay precision was determined
from the mean of 8 replicates each.

COEFFICIENT OF
VARIATION (%)

SAMPLE

N

MEAN
(pg/mL)

I II III

88
8

104.2 282.6
1035.8

STANDARD DEVIATION (pg/mL)
5.0 11.9 33.8
4.8 4.2 3.3
The inter-assay precision was determined
from the mean of average duplicates for 11
separate runs.

COEFFICIENT OF
VARIATION (%)

STANDARD DEVIATION (pg/mL)
6.0 21.0 71.5
6.5 8.2 7.0

SAMPLE

N

MEAN
(pg/mL)

I II III

11
11
11

92.5 257.3
1031.3
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C. Recovery:

Three serum samples
containing different levels of
endogenous estradiol were
spiked with different amounts
of estradiol and assayed.

RECOVERY
(%)
I

II
III
307

ENDOGENOUS
(pg/mL)

ADDED
(pg/mL)

EXPECTED
(pg/mL)

75 200 600
75 200 600
352 477 877

377 502
902
401 526
926
335 440
815

347 462 835
379 475 847
95 92 93

335.5
362.1
75
200
600

OBSERVED (pg/mL)
92 92 93
95 90 91
D. Linearity:

Three serum samples were diluted
®

SAMPLE

DILUTION
FACTOR

EXPECTED
(pg/mL)

--1:2 1:4 1:8
1:16 1:32
--856.0 428.0
214.0 107.0
54.0
--943.0 471.0
236.0 118.0
59.0

--2087.0 1044.0
522.0 261.0
130.0
1711.0
889.0 472.0
236.1 108.1 55.5
1885.3
986.5 448.0
243.4 125.3 61.2

4174.3
2065.8 1084.8
641.4 287.4
145.5
--104 110 110 101
103
--105 95 103 106
103

with 0 pg/mL ACTIVE
ESTRADIOL EIA Standard and
assayed.
RECOVERY
(%)
I

II

III
--1:2 1:4 1:8 1:16 1:32
--1:2 1:4 1:8 1:16 1:32

OBSERVED (pg/mL)
--99 104 123 110 112
E. Specificity:

The cross-reactivity of the Estradiol antiserum has been measured against the
following compounds:
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% CROSSREACTIVITY
DHEA-S
Equilinin
Equilin
Estrone

Estrone Sulfate
Estrone Glucuronide
ND
2.73
ND
1.35

COMPOUND
1.23 0.36
ND = Non-detectable = <0.01%
F. Method Comparison:
®

The DSL ACTIVE Estradiol EIA has been compared to another commercially available Estradiol kit
[Method x]. Forty-one human serum samples were assayed and linear regression analysis of the results
yielded the following:
n = 41
[DSL-10-4300] = 0.82 [Method x] + 35.7
R = 0.98
XIV. REFERENCES
1. Cañez MS, Lee KJ, Olive DL: Progestogens and estrogens. Infertil Reproduct Med Clin North Amer
3:59-78, 1992.
2. Miller WL: Molecular biology of steroid hormone synthesis. Endocrin Rev 9:295-318, 1988.
3. Faiman C, Winter SD, Reyes FI: Patterns of gonadotrophins and gonadal steroids throughout life. Clin
Obstet Gynecol 3:467-483, 1976.
4. Hammond GL: Molecular properties of corticosteroid binding globulin and the sex-steroid binding
proteins. Endocrin Rev 11:65-79, 1990.
5. Holland FJ: Gonadotropin-independent precocious puberty. Endocrinol Metab Clin North Amer
20:191-210, 1991.
6. Coen P, Kulin H, Ballantine T, Zaino R, Frauenhoffer E, Boal D, Inkster S, Brodie A, Santen R: An
aromatase-producing sex-cord tumor resulting in prepubertal gynecomastia. New Engl J Med
324:317-322, 1991.
7. Hughes EG, Roberstson DM, Handelsmar DJ, Hayward S, Healy DL, de Ketser DM: Inhibin and
estradiol responses to ovarian hyperstimulation: Effects of age and predictive value for in vitro
fertilization outcome. J Endocrinol Metab 70:358-364, 1990.
8. Burtis CA, Ashwood ER: Tietz Textbook of Clinical Chemistry, 2nd edition. W.B. Saunders Company,
Philadelphia, 1994, p. 1863.

APPENDIX E
SALIVARY CORTISOL EIA PACKAGE INSERT
(DSL, Inc.)

168

ENGLISH

CORTISOL EIA
(FOR SALIVA)
DSL-10-67100

Revision date: June 25, 2003 p.

Diagnostic Systems Laboratories, Inc.

OBI-DSL

Webster, Texas 77598-4217 USA

Upper Heyford

Customer Assistance Center: Tel: 800.231.7970 Fax:

Tel: 018.6923.8077

e-mail: info@dslabs.com

Email: Info-uk@DSLabs.com

Corporate Headquarters, 445 Medical Center Blvd.
General Business: Tel: 281.332.9678
281.338.1895

Cherwell Innovation Centre
Oxon OX25 5HD UK
Fax 018.6923.8078

Website: http://www.dslabs.com
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This Package Insert (IFU) is intended for Professional Use and must be read completely before product
use.

I.

INTENDED USE

The DSL-10-671000 ACTIVE® Cortisol Enzyme Immunoassay (EIA) Kit provides materials for the
quantitative measurement of cortisol in saliva.
II. SUMMARY AND EXPLANATION OF THE TEST
Cortisol (hydrocortisone, compound F) is the most potent glucocorticoid produced by the human
adrenal cortex. As with other adrenal steroids, cortisol is synthesized from cholesterol through a
series of enzymatically mediated steps [reviewed in 1,2]. The first and rate-limiting step in
adrenal steroidogenesis, conversion of cholesterol to pregnenolone, is stimulated by pituitary
adrenocorticotropic hormone (ACTH), which is, in turn, regulated by hypothalamic corticotropin
releasing factor (CRF). ACTH and CRF secretion are inhibited by high cortisol levels. In plasma,
the major portion of cortisol is bound with high affinity to corticosteroid-binding globulin (CBG,
transcortin), with most of the remainder loosely bound to albumin. Cortisol acts through specific
intracellular receptors and has effects in numerous physiologic systems, including immune
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function, glucose-counterregulation, vascular tone, substrate utilization, and bone
metabolism [1-3]. Cortisol is excreted primarily in urine in an unbound (free) form. Salivary
cortisol measurement is an excellent indicator of free cortisol or biologically active cortisol in
human serum [4, 5]. The measurement of cortisol in saliva provides several advantages over its
measurement in serum or plasma. First, sample collection for salivary cortisol measurement is
noninvasive and inexpensive, and specimen collection is easy to perform in infants and children
[6, 7]. Second, multiple samples may be collected at home thus offering a convenient way to
collect a series of samples at different times of the day [8]. Cortisol production has an ACTHdependent circadian rhythm with peak levels in the early morning and a nadir at night. The
factors controlling this circadian rhythm are not completely defined. The circadian rhythm of
ACTH/cortisol secretion matures gradually during early infancy, and is disrupted in a number of
physical and psychological conditions [9]. Furthermore, increased amounts of ACTH and cortisol
are secreted independently of the circadian rhythm in response to physical and psychological
stress [8, 9]. The DSL-10-67100 ACTIVE® Cortisol EIA Kit uses a specific rabbit anti-cortisol
antibody, and does not require prior sample extraction of saliva. Cross-reactivity to other
naturally occurring steroids is low.
III. PRINCIPLE OF THE TEST
The procedure follows the basic principle of enzyme immunoassay where there is competition
between an unlabeled antigen and an enzyme-labeled antigen for a fixed number of antibody
binding sites.

The amount of enzyme-labeled antigen bound to the antibody is inversely

proportional to the concentration of the unlabeled analyte present.

Unbound materials are

removed by aspirating and washing the wells.
IV. REAGENTS
The DSL-10-67100 ACTIVE® Cortisol EIA Kit contains sufficient reagents for 96 wells. Each kit
contains the following reagents:
A. GARG-Coated Microtitration Strips:
One stripholder, containing 96 polystyrene microtiter wells with goat anti-rabbit globulin serum

immobilized to the inside wall of each well. Store at 2-8°C until expiration date in the resealable
pouch with a desiccant to protect from moisture.
B. Cortisol Antiserum:
One bottle, 11 mL, containing rabbit anti-cortisol serum in a protein-based (BSA) buffer with a
non-mercury preservative. Store unopened at 2-8 °C until expiration date. Store opened vials at
2-8°C for up to 3 weeks.
C. Cortisol Standards:
Six vials, 0.5 mL each, labeled A-F, containing concentrations of approximately 0, 0.1, 0.5, 1.5,
4.0, and
10.0 μg/dL cortisol in a protein-based (BSA) buffer with a non-mercury preservative. Refer to vial
labels for exact concentrations. Store unopened at 2-8°C until expiration date. Store opened
vials at 2-8°C for up to 3 weeks. For longer periods, store at -20°C or lower until expiration date.
D. Cortisol Controls:
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Two vials, 0.5 mL each, Levels I and II, containing low and high concentrations of cortisol in a
protein-based (BSA) buffer with a non-mercury preservative.

Store unopened at 2-8°C until

expiration date.
E. Cortisol Enzyme Conjugate Concentrate:
One vial, containing 0.3 mL of a solution of cortisol conjugated to horseradish peroxidase in a
protein-based buffer (BSA) with a non-mercury preservative. Dilute prior to use in Conjugate
Diluent. Store at 2-8°C until expiration date.
F. Conjugate Diluent:
One bottle, 11 mL, containing a protein-based buffer (BSA) with a non-mercury preservative.
Store at 2-8°C until expiration date.
G. TMB Chromogen Solution:
One bottle, 11 mL, containing a solution of tetramethylbenzidine (TMB) in citrate buffer with
hydrogen peroxide. Store at 2-8°C until expiration date.
H. Wash Concentrate:
One bottle, 100 mL, containing buffered saline with a nonionic detergent.

Store at room

temperature or

2-8°C until expiration date. Dilute 10-fold with deionized water prior to use.
I.

Stopping Solution:

One bottle, 11mL, containing 0.2 M sulfuric acid. Store at 2-8°C until expiration date.

NOTE: All reagents and samples must be allowed to reach room temperature (~25° C) and mixed
thoroughly by gentle inversion before use.
V. PRECAUTIONS

For in vitro use only

Not for Internal or External Use in Humans or Animals
The following Good Laboratory Practices should be observed:
•

Do not eat, drink, smoke, or apply cosmetics where immunodiagnostic materials are being
handled.

•

Do not pipet by mouth.

•

Wear lab coats and disposable gloves when handling immunodiagnostic materials.

•

Wash hands thoroughly afterwards.

•

Cover working area with disposable absorbent paper.

•

Wipe up spills immediately and decontaminate affected surfaces.

•

Avoid generation of aerosols.

•

Provide adequate ventilation.

•

Handle and dispose of all reagents and material in compliance with applicable regulations.

WARNING:

POTENTIAL

BIOHAZARDOUS

MATERIAL

This kit may contain some reagents made with human source material (e.g. serum or plasma)
or used in conjunction with human source materials. The material in this kit has been tested
by FDA recommended methods and found to be non-reactive for HIV-1/2 Antibodies, HCV and
HBsAg. No available test method can offer complete assurance of eliminating potential
biohazardous risk. Handle all reagents and patient samples at a Biosafety Level 2, as
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recommended for any potentially infectious human material in the Centers for Disease
Control/National Institutes of Health manual "Biosafety in Microbiological and Biomedical
Laboratories," 4th Edition, April 1999.
WARNING:

POTENTIAL

Some reagents in this kit contain ProClin®,

CHEMICAL

as a preservative.

HAZARD

ProClin®, TMB, hydrogen

peroxide, and sulfuric acid, in concentrated amounts are irritants to skin and mucous
membranes. These substances are in diluted form and therefore may minimize exposure risks
significantly but not completely. Provide adequate ventilation. Avoid contact with skin, eyes,
and clothing. In case of contact with any of these reagents, wash area thoroughly with water
and seek medical advice.

Dispose of all nonradioactive reagents by flushing with large

volumes of water to prevent buildup of chemical hazards in the plumbing system. For further
information regarding hazardous substances in the kit, please refer to the component specific
MSDS, either at DSLabs.com or by request.
VI. SPECIMEN COLLECTION AND PREPARATION
It is recommended that saliva should be collected with the SARSTEDT SALIVETTE®.

The

SALIVETTE® is centrifuged for two minutes at 1000 X g. During centrifugation, the saliva will
pass from the cylindrical shaped swab through the hole in the bottom of the suspended tube into
the clear centrifuge tube. Mucous strands and particles will be caught in the conical tip of the
centrifuge tube allowing easy decanting of the clear saliva.
VII. PROCEDURAL NOTES
A thorough understanding of this package insert is necessary for successful use of the
product.

Reliable results will only be obtained by using precise laboratory techniques and

accurately following the package insert. A standard curve must be included with each assay.

Bring all kit reagents and specimens to room temperature (~25°C) before use. Thoroughly mix
the reagents and samples before use by gentle inversion. Do not mix various lots of any kit
component within an individual assay. Do not use any component beyond the expiration date
shown on its label. Incomplete washing will adversely affect the outcome and assay precision.
To minimize potential assay drift due to variation in the substrate incubation time, care should
be taken to add the stopping solution into the wells in the same order and speed used to add
the TMB Chromogen Solution. Avoid microbial contamination of reagents, especially of the
conjugate concentrate and the conjugate diluent. Avoid contamination of the TMB Chromogen
Solution with the Enzyme Conjugate.

Use a clean disposable pipette tip for each reagent,

Standard, Control, or specimen. For dispensing sulfuric acid and TMB Chromogen Solution,
avoid pipettes with metal parts.

Containers and semi-automatic pipette tips used for the

Enzyme Conjugate Solution and the TMB Chromogen Solution can be reused provided they are
thoroughly rinsed with distilled water and dried prior to and after each usage. The enzyme
used as the label is inactivated by oxygen, and is highly sensitive to microbial contamination,
sodium azide, hypochlorous acid, and aromatic chlorohydrocarbons often found in laboratory
water supplies. Use high quality water. Avoid exposure of the reagents to excessive heat or
direct sunlight during storage and incubation.
VIII. TEST PROCEDURE
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A. Materials Supplied:
Materials supplied in the DSL ACTIVE® Cortisol EIA Kit, Catalog No. DSL-10-67100
MATERIAL

QUANTITY

CATALOG NO.

Cortisol Standard A

One Vial

10-67101

Cortisol Standard B

One Vial

10-67102

Cortisol Standard C

One Vial

10-67103

Cortisol Standard D

One Vial

10-67104

Cortisol Standard E

One Vial

10-67105

Cortisol Standard F

One Vial

10-67106

GARG-Coated Microtitration Strips

One Plate

10-3731

Cortisol Antiserum

One Bottle

10-2010

One Vial

10-67120

One Bottle

10-2045

Cortisol Control Level I

One Vial

10-67151

Cortisol Control Level II

One Vial

10-67152

TMB Chromogen Solution

One Bottle

10-9755

Wash Concentrate I

One bottle

10-4030

Stopping Solution A

One Bottle

10-9780

Cortisol Enzyme Conjugate Concentrate
Conjugate Diluent D

B. Materials Required But Not Supplied:
•

Microtitration plate reader capable of absorbance measurement at 450 nm and
preferentially capable of dual wavelength correction at 600 or 620 nm

•

Deionized water

•

Precision pipette to deliver 25 μL

•

Semi-automatic pipette to deliver 100 μL and 200 μL

•

Microtitration plate shaker capable of 500-700 orbital revolutions per minute (rpm)

•

Automatic microtitration plate washer

•

Vortex mixer

•

Absorbent materials for blotting the strips

•

Linear-log graph paper for manual data reduction

C. Preparation of Reagents:
1. Wash Solution
Prepare Wash Solution by diluting Wash Concentrate 10-fold with deionized water in a suitable
container. Store in a tightly sealed bottle at room temperature for up to one month.
2. Enzyme Conjugate Solution
The Enzyme Conjugate Concentrate should be diluted at a ratio of 1 part Cortisol Enzyme
Conjugate Concentrate into 50 parts Conjugate Diluent, according to the number of wells
used. If an entire plate is to be used, pipet exactly 220 μL of the Cortisol Enzyme Conjugate
Concentrate into 11 mL of the Conjugate Diluent. The Cortisol Enzyme Conjugate Solution
should be prepared just prior to use in the assay.
3. Microtitration Wells
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Select the number of coated wells required for the assay. The remaining unused wells
should be placed in the resealable pouch with a desiccant. The pouch must be resealed to
protect from moisture.
D. Assay Procedure:
Allow all specimens and reagents to reach room temperature (~25°C) and mix liquid reagents
thoroughly by gentle inversion before use.

Standards, Controls, and unknowns should be

assayed in duplicate.
1. Mark the microtitration strips to be used.
2. Prepare the Enzyme Conjugate Solution by diluting the Conjugate in the Conjugate Diluent
as described under the Preparation of the Reagents section of this package insert.
3. Pipet 25 μL of each Standard, Control, and unknown into the appropriate wells.
4. Add 100 μL of the Enzyme Conjugate Solution to each well using a semi-automatic
dispenser. Gently tap the well holder for 5-10 seconds.

5. Add 100 μL of the Cortisol Antiserum to each well using a semi-automatic dispenser.
6. Incubate the wells at room temperature (~25°C) on a shaker set at 500 - 700 rpm for 45
minutes.
7. Aspirate and wash each well 5 times with the Wash Solution using an automatic microplate
washer. Blot dry by inverting plate on absorbent material.

NOTE: Use of an automatic microplate washer is strongly recommended. Incomplete washing
will adversely affect assay precision. If a microplate washer is not available, (a) completely
aspirate the liquid from each well, (b) dispense 0.35 mL of the Wash Solution into each well,
and (c) repeat steps (a) and (b) five times.

8. Add 100 μL of the TMB Chromogen Solution to each well using a semi-automatic dispenser.

9. Incubate the wells at room temperature (~25°C) for 10-15 minutes on an orbital microplate
shaker set at 500 - 700 rpm. Avoid exposure to direct sunlight.

NOTE: Please be aware that the color may develop more quickly or more slowly than the
recommended incubation time depending on the localized room temperature. Please visually
monitor the color development to optimize the incubation time.

10. Add 100 μL of the Stopping Solution to each well using a semi-automatic dispenser.
11. Shake the plate by hand for 5-10 seconds.

12. Read the absorbance of the solution in the wells within 30 minutes, using a microplate
reader set to 450 nm.

NOTE: If wavelength correction is available, set the instrument to dual wavelength
measurement at 450 nm with background wavelength correction set at 600 or 620 nm.

IX. RESULTS

A. Calculate the mean absorbance for each Standard, Control, or unknown.
B. Using a linear-log graph paper, plot the mean absorbance readings for each of the standards
along the y-axis versus the cortisol concentrations in μg/dL along the x-axis. Alternatively,

any data reduction software designed for immunoassays could be used.
curve-fit is recommended.
C. Draw the best fitting curve through the mean of the duplicate points.

Four-parameter
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D. Determine the cortisol concentrations of the Controls and unknowns from the standard
curve by matching their mean absorbance readings with the corresponding cortisol
concentrations.
E. Any sample reading higher than the highest Standard should be appropriately diluted with the
0 μg/dL Standard and reassayed.
F. Multiply the value by the dilution factor if required.

If the absorbance readings exceed the limitation of the plate reader, a second reading at 405
nm is needed (reference filter 600 or 620 if available). In this case, proceed to construct a
second standard curve as above with the absorbance readings of all Standards at 405 nm.
The concentrations of the off-scale samples at
450 nm are then read from the new standard curve. The readings at 405 nm should not
replace the on-scale readings at 450 nm.

X. LIMITATIONS
•

The reagents supplied in this kit are optimized to measure cortisol levels in saliva.

•

Avoid repeated freezing and thawing of reagents and specimens.

•

Even small amounts of blood contamination in saliva will increase cortisol concentration in
saliva.
DO NOT USE SALIVA SPECIMENS CONTAINING BLOOD.
The results of this assay should be used in conjunction with other pertinent clinical

information.
XI. QUALITY CONTROL
•

The DSL Controls or other commercial controls should fall within established confidence
limits. The confidence limits for the DSL Controls are printed on the Control vial labels.

•

Low and high level Controls should be included in each assay.

•

The TMB Chromogen Solution should be colorless. Development of a blue color may
indicate reagent contamination or instability.
TYPICAL ACTIVE® CORTISOL EIA STANDARD CURVE DATA
WELL

WELL

MEAN

CONC.

NO.

CONTENTS

ABSORBANCE

(μg/dL)

STANDARDS
A1, A2

A

3.15

0.0

B1, B2

B

2.13

0.1

C1, C2

C

1.31

0.5

D1, D2

D

0.83

1.5

E1, E2

E

0.46

4.0

F1, F2

F

0.26

10.0

CAUTION: The above data must not be employed in lieu of data obtained by the user in the
laboratory.
XII. PERFORMANCE CHARACTERISTICS

All performance characteristics are stated in μg/dL. To convert to nmol/L:
μg/dL x 27.6 = nmol/L
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A. Sensitivity:
The theoretical sensitivity or minimum detection limit, calculated by the interpolation of the mean

minus two standard deviations of twenty-one replicates of the 0 μg/dL Cortisol Standard, is 0.011
μg/dL.
B. Precision:
The intra-assay precision was determined from the mean of 12 replicates each.
SAMPLE

MEAN

STANDARD DEVIATION

COEFFICIENT OF VARIATION

(μg/dL)

(μg/dL)

(%)

I

0.47

0.02

4.8

II

1.41

0.04

2.8

III

4.09

0.08

1.9

The inter-assay precision was determined from the mean of average duplicates for 13 separate
runs.
SAMPLE

MEAN

STANDARD DEVIATION

COEFFICIENT OF VARIATION

(μg/dL)

(μg/dL)

(%)

I

0.50

0.04

7.2

II

1.51

0.04

2.8

III

4.12

0.16

3.8

C. Recovery:
Three saliva samples containing different levels of endogenous cortisol were spiked with known
amounts of cortisol and assayed.
SAMPLE
I

ENDOGENOUS
(μg/dL)
2.74

II

3.47

III

5.10

ADDED

EXPECTED

(μg)

(μg/dL)

OBSERVED
(μg/dL)

RECOVERY
(%)

0.15

2.89

2.83

98

0.40

3.14

3.21

102

1.00

3.74

3.66

98

0.15

3.62

3.68

101

0.40

3.87

3.93

101

1.00

4.47

4.19

94

0.15

5.25

5.12

99

0.40

5.50

5.41

98

1.00

6.10

5.93

97

D. Linearity:
Two saliva samples were diluted with the 0 μg/dL Cortisol Standard and assayed.
SAMPLE
I

DILUTION

EXPECTED

OBSERVED

RECOVERY

FACTOR

(μg/dL)

(μg/dL)

(%)

---

---

7.22

---

1:2

3.61

3.25

90

1:4

1.81

1.72

95

1:8

0.90

0.87

96
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II

III

1:16

0.45

0.44

97

1:32

0.23

0.22

96

---

---

3.24

---

1:2

1.62

1.63

100

1:4

0.81

0.78

96

1:8

0.40

0.39

98

1:16

0.20

0.19

93

1:32

0.10

0.09

88

---

---

2.00

---

1:2

1.00

0.97

96

1:4

0.50

0.47

94

1:8

0.25

0.23

92

1:16

0.13

0.13

97

1:32

0.06

0.06

100

E. Specificity:
The cross-reactivity of the cortisol antiserum has been measured against various compounds.
The percent cross-reactivity is expressed as the ratio of the cortisol concentration to the
concentration of the reacting compound at 50% binding of the 0 μg/dL Cortisol Standard.
COMPOUND

% CROSS-REACTIVITY

Cortisol

100

Prednisolone

58.3

Prednisone

10.9

Cortisone

7.0

11-Deoxycortisol

5.7

21-Deoxycortisol

1.9

17α-HydroxyCortisol

0.9

Dexamethasone

0.9

Triamcinolone

0.4

Corticosterone

ND

Cortisol

ND

DHEA

ND

ND = non-detectable (<0.004%)

F. Method Comparison:

The DSL ACTIVE® Salivary Cortisol EIA was compared to another commercially available cortisol

RIA kit (Method X) by assaying 21 saliva samples ranging from 4.10 to 30.16 μg/dL (EIA). The
regression analysis yielded the following equation:
[DSL-10-67100]= 0.156 [Method X] + 1.13
r = 0.95
XIII. REFERENCES
1.

Drucker S, New MI: Disorders of adrenal steroidogenesis. Pediatr Clin North Am 34:1055-1066, 1987.

177
2.

Migeon CJ, Lanes RL: Adrenal cortex: hypo- and hyperfunction. IN Lifshitz F (ed): Pediatric Endocrinology, A Clinical
Guide, second edition. Marcel Dekker, Inc., New York, 1990, pp. 333-352.

3.

Hyams JS, Carey DE: Corticosteroids and growth. J Pediatr 113:249-254, 1988.

4.

Laudat MH, Cerdas S, Fournier C, Guiban D, Guithaume B, Luton JP. J Clin Endocrinol Metab 1988; 66:343.

5.

Vining RF, McGinley RA, Maksvytis JJ, Ho Ky. Ann Clin Biochem 1983; 20: 329-35.

6.
7.

Schmidt NA. 1998. Issues Compr Pediatr Nurs. 20(3): 183-90.

Read GF, Walker RF, Wilson DW, Giffiths K. 1990. Steroid analysis in saliva for the assessment of endocrine function. Ann NY
Acad. Sci.: 595:260-274.

8.

Chernow B, Alexander R, Smallridge RC, Thompson WR, Cook D, Beardsley D, Fink MP, Lake R, Fletcher JR: Hormonal
responses to graded surgical stress. Arch Intern Med 147:1273-1278, 1987.

9.

Kreiger DT: Rhythms of ACTH and corticosteroid secretion in health and disease and their experimental modification. J Steroid
Biochem 6:785-791, 1975.

SYMBOL LEGEND
Performance Evaluation Only
Leistungsbewertung

Uniquement pour évaluation de la
performance
Solo per valutazione delle

Manufacture
r
Hersteller
Fabricant
Fabbricante
Fabricante

performance

Reference Number

Authorized Representative

Numéro de

Représentant autorisé

Referenznummer
référence
Numero di
riferimento

Bevollmächtigter
Rappresentante
autorizzato
Representante autorizado

Número de
referencia

Sólo para evalución del
funcionamiento

Dilute with 50X Conjugate Diluent
Mit 50X Konjugat-Diluent
verdünnen
Diluer avec x 50 Diluant de
conjugué

Diluire con Diluente coniugato
50x
Diluir con 50x Diluyente de

Use By
Verfallsdatu

Batch Number
Chargennummer

m:

Numéro de lot

Scade il

Número de lote

Utiliser par

Numero di lotto

Utilizar

Consult Instructions
Gebrauchsanweisung zu
Rate ziehen
Se reporter aux
instructions
Consultare le istruzioni
Consulte las instrucciones

antes de

conjugado
Wash Concentrate I 10X
Waschkonzentrat I 10X
Concentré de lavage I 10X
Soluzione di lavaggio concentrata

I 10X

Concentrado de lavado I 10X

Caution
Achtung
Attention

Attenzione
Precaución

Temperature
Limitation
Temperaturbegren
zung
Limites de
température

Temperature Limitation
Temperaturbegrenzung
Limites de température
Limiti di temperatura
Limitación de temperatura

Limiti di

temperatura
Limitación de
temperatura
Goat Anti-Rabbit IgG – Antibody Coated Plates
Ziegen-anti-Kaninchen-IgG - Antikörper
Beschichtete Platte
IgG de chèvre anti-lapin - Anticorps Enduit
Plaque
IgG di capra anti-coniglio - Anticorpo Rivestite

Antiserum
Antiserum
Antisérum
Antisiero

Antisuero

Standard A-F
Standard A-F
Standard A-F
Standard A-F
Estándares A-F

178
Piastra
IgG de cabra frente a conejo - Anticuerpo
Recubierto Placa
Antibody-Enzyme Conjugate
Diluent

Corrosive

Diluent

Corrosif

Antikörper-EnzymkonjugatDiluant de conjugué anticorpsenzyme

Korrosiv
Corrosivo
Corrosivo

Diluente coniugato anticorpo enzima
Diluyente de conjugado de
enzima y anticuerpos
Stopping Solution
Stopp-Lösung
Solution d’arrêt
Soluzione bloccante
Solución para interrupción de la reacción

Control I & II

Kontrolle I & II
Contrôle I & II
Controllo I & II
Control I & II

TMB Chromogen Solution
TMB Chromogen-Lösung
Solution Chromogénique
de TMB
Soluzione cromogeno TMB
Solución cromógena de
TMB

APPENDIX F
SERUM DHEA-S EIA PACKAGE INSERT
(ALPCO DIAGNOSTICS)

180

181

182

183

184

185

APPENDIX G
SERUM CORTISOL EIA PACKAGE INSERT
(DSL, Inc.)

187

CORTISOL EIA
DSL-10-2000

Revision date: March 14, 2003
Diagnostic Systems Laboratories, Inc. Corporate
Headquarters, 445 Medical Center Blvd. Webster, Texas
77598-4217 USA
General Business: Tel: 281.332.9678 Customer Assistance
Center: Tel: 800.231.7970 Fax: 281.338.1895 e-mail:
info@dslabs.com Website: http://www.dslabs.com

OBI-DSL Cherwell Innovation
Centre Upper Heyford Oxon
OX25 5HD UK
Tel: 018.6923.8077
Fax 018.6923.8078 Email: Infouk@DSLabs.com

This Package Insert (IFU) is intended for Professional Use and must be read completely before product
use.
I. INTENDED USE

®

The DSL-10-2000 ACTIVE Cortisol Enzyme Immunoassay (EIA) Kit provides materials for the
quantitative measurement of cortisol in serum or plasma. This assay is intended for in vitro diagnostic
use.
II. SUMMARY AND EXPLANATION OF THE TEST
Cortisol (hydrocortisone, compound F) is the most potent glucocorticoid produced by the human adrenal
cortex. As with other adrenal steroids, cortisol is synthesized from cholesterol through a series of
enzymatically mediated steps [reviewed in 1,2]. The first and rate-limiting step in adrenal
steroidogenesis, conversion of cholesterol to pregnenolone, is stimulated by pituitary adrenocorticotropic
hormone (ACTH) which is, in turn, regulated by hypothalamic corticotropin releasing factor (CRF).
ACTH and CRF secretion are inhibited by high cortisol levels. In plasma, the major portion of cortisol is
bound with high affinity to corticosteroid-binding globulin (CBG, transcortin), with most of the remainder
loosely bound to albumin. Cortisol acts through specific intracellular receptors and has effects in
numerous physiologic systems, including immune function, glucose-counterregulation, vascular tone,
substrate utilization and bone metabolism [1-3]. Cortisol is excreted primarily in urine in an unbound
(free) form.
Cortisol production has an ACTH-dependent circadian rhythm with peak levels in the early morning and a
nadir at night. The factors controlling this circadian rhythm are not completely defined. The circadian
rhythm of ACTH/cortisol secretion matures gradually during early infancy, and is disrupted in a number
of physical and psychological conditions [4]. Furthermore, increased amounts of ACTH and cortisol are
secreted independently of the circadian rhythm in response to physical and psychological stress [4,5].
Elevated cortisol levels and lack of diurnal variation have been identified in patients with Cushing's
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disease (ACTH hypersecretion) [2,6]. Elevated circulating cortisol levels have also been identified in
patients with adrenal tumors [7]. Low cortisol levels are found in primary adrenal insufficiency (e.g.
adrenal hypoplasia, congenital adrenal hyperplasia, Addison's disease) and in ACTH deficiency [1,2,8,9].
Due to the normal circadian variation of cortisol levels, distinguishing normal and abnormally low
cortisol levels can be difficult. Therefore, various tests to evaluate the pituitary-adrenal (ACTH-cortisol)
axis, including insulin-induced hypoglycemia, short- and long-term ACTH stimulation, CRF stimulation
and artificial blockage of cortisol synthesis with metyrapone have been performed [8-13]. Cortisol
response characteristics for each of these procedures have been reported.
®

The DSL-10-2000 ACTIVE Cortisol EIA Kit uses a specific rabbit anti-cortisol antibody, and does not
require prior sample extraction of serum or plasma. Cross-reactivity to other naturally-occurring steroids
is low.
III. PRINCIPLE OF THE TEST
The procedure follows the basic principle of enzyme immunoassay where there is competition between an
unlabeled antigen and an enzyme-labeled antigen for a fixed number of antibody binding sites. The
amount of enzyme-labeled antigen bound to the antibody is inversely proportional to the concentration of
the unlabeled analyte present. Unbound materials are removed by decanting and washing the wells.
IV. REAGENTS
®

The DSL-10-2000 ACTIVE Cortisol EIA Kit contains sufficient reagents for 96 wells. Each kit contains
the following reagents:
A. GARG-Coated Microtitration Strips:
One stripholder, containing 96 polystyrene microtiter wells with goat anti-rabbit globulin serum. Store at
2-8°C until expiration date in the resealable pouch with a desiccant to protect from moisture.
B. Cortisol Antiserum: (BLUE)
One vial, 11 mL, containing rabbit anti-cortisol serum in a protein-based (BSA) buffer with a nonmercury preservative. Store at 2-8 °C until expiration date.
C. Cortisol Standards:
One vial, 0.5 mL, labeled A, containing 0 μg/dL cortisol and 7 vials, 0.5 mL each, labeled B-H,
containing concentrations of approximately 0.5, 1.5, 4.0, 10.0, 20.0, 40.0, and 60.0 μg/dL cortisol in
protein-based (BSA) buffer with a non-mercury preservative. Refer to vial labels for exact
concentrations. Store unopened at
2-8°C until kit expiration date. Store opened vials at 2-8°C for up to 3 weeks. For longer periods, store at
-20°C or lower until expiration date.
STANDARDIZATION NOTE: Due to the lack of universally accepted material, the reference
preparation of the Cortisol Standards & Controls was obtained from Sigma, USA, purified by HPLC,
purity verified (single spot) by Thin Layer Chromotography and performance verified by immunoassay.
D. Cortisol Controls:
Two vials, 0.5 mL each, Levels I and II, containing low and high concentrations of cortisol in proteinbased (BSA) buffer with a non-mercury preservative. Store unopened at 2-8°C until kit expiration date.
Store opened vials at 2-8°C for up to 3 weeks. For longer periods, store at -20°C or lower until expiration
date.
E. Cortisol Enzyme Conjugate Concentrate:
One vial, containing 0.3 mL of a solution of cortisol conjugated to horseradish peroxidase in a proteinbased buffer (BSA) with a non-mercury preservative. Dilute prior to use in Conjugate Diluent. Store at
2-8°C until expiration date.
F. Conjugate Diluent:
One bottle, 11 mL, containing a protein-based buffer (BSA) with a non-mercury preservative. Store at 28°C until expiration date.
G. TMB Chromogen Solution:
One bottle, 11 mL, containing a solution of tetramethylbenzidine (TMB) in citrate buffer with hydrogen
peroxide. Store at 2-8°C until expiration date.
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H. Wash Concentrate:
One bottle, 100 mL, containing buffered saline with a nonionic detergent. Store at room temperature until
expiration date. Dilute 10-fold with deionized water prior to use.
I. Stopping Solution:
One vial, 11mL, containing 0.2M sulfuric acid. Store at 2-8°C until expiration date.
NOTE: All reagents and samples must be allowed to reach room temperature (~25° C) and mixed
thoroughly by gentle inversion before use.
V. PRECAUTIONS
For in vitro use only
Not for Internal or External Use in Humans or Animals
The following Good Laboratory Practices should be observed:
• Do not eat, drink, smoke, or apply cosmetics where immunodiagnostic materials are being handled.
• Do not pipet by mouth.
• Wear lab coats and disposable gloves when handling immunodiagnostic materials.
• Wash hands thoroughly afterwards.
• Cover working area with disposable absorbent paper.
• Wipe up spills immediately and decontaminate affected surfaces.
• Avoid generation of aerosols.
• Provide adequate ventilation.
• Handle and dispose of all reagents and material in compliance with applicable regulations
WARNING: POTENTIAL BIOHAZARDOUS MATERIAL This kit may contain some reagents made
with human source material (e.g. serum or plasma) or used in conjunction with human source materials.
The material in this kit has been tested by FDA recommended methods and found to be non-reactive for
HIV-1/2 Antibodies, HCV and HBsAg. No available test method can offer complete assurance of
eliminating potential biohazardous risk. Handle all reagents and patient samples at a Biosafety Level 2, as
recommended for any potentially infectious human material in the Centers for Disease Control/National
th

Institutes of Health manual "Biosafety in Microbiological and Biomedical Laboratories," 4 Edition,
April 1999.
WARNING: POTENTIAL CHEMICAL HAZARD Some reagents in this kit contain ProClin
®

®

as a

preservative. ProClin , TMB, hydrogen peroxide, and sulfuric acid, in concentrated amounts are irritants
to skin and mucous membranes. These substances are in diluted form and therefore may minimize
exposure risks significantly but not completely. Avoid contact with skin, eyes, and clothing. In case of
contact with any of these reagents, wash area thoroughly with water and seek medical advice. Dispose of
all nonradioactive reagents by flushing with large volumes of water to prevent buildup of chemical
hazards in the plumbing system. For further information regarding hazardous substances in the kit,
please refer to the component specific MSDS, either at DSLabs.com or by request.
VI. SPECIMEN COLLECTION AND PREPARATION
Serum or plasma should be used and the usual precautions for venipuncture should be observed. Serum
or plasma may be stored at 2-8°C for up to 24 hours. For longer periods, store at -20°C or lower [14].
Avoid repeated freezing and thawing of samples. Because of the diurnal variation in cortisol levels, the
time of collection of the specimen should be noted. Do not use grossly hemolyzed or grossly lipemic
samples.
VII. PROCEDURAL NOTES
A thorough understanding of this package insert is necessary for successful use of the product. Reliable
results will only be obtained by using precise laboratory techniques and accurately following the package
insert. A standard curve must be included with each assay. Bring all kit reagents and specimens to room
temperature (~25°C) before use. Thoroughly mix the reagents and samples before use by gentle
inversion. Do not mix various lots of any kit component within an individual assay. Do not use any
component beyond the expiration date shown on its label. Incomplete washing will adversely affect the
outcome and assay precision. To minimize potential assay drift due to variation in the substrate
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incubation time, care should be taken to add the stopping solution into the wells in the same order and
speed used to add the TMB Chromogen Solution. Avoid microbial contamination of reagents, especially
of the conjugate concentrate and the conjugate diluent. Avoid contamination of the TMB Chromogen
Solution with the Enzyme Conjugate. Use a clean disposable pipette tip for each reagent, Standard,
Control or specimen. For dispensing sulfuric acid and TMB Chromogen Solution, avoid pipettes with
metal parts. Containers and semi-automatic pipette tips used for the Enzyme Conjugate Solution and the
TMB Chromogen Solution can be reused provided they are thoroughly rinsed with distilled water and
dried prior to and after each usage. The enzyme used as the label is inactivated by oxygen, and is highly
sensitive to microbial contamination, sodium azide, hypochlorous acid and aromatic chlorohydrocarbons
often found in laboratory water supplies. Use high quality water. Avoid exposure of the reagents to
excessive heat or direct sunlight during storage and incubation.

A. Materials
Supplied:

CATALOG
NO.

VIII. TEST PROCEDURE
Materials supplied in
®

MATERIAL

the DSL ACTIVE
Cortisol EIA Kit,
Catalog No. DSL-102000
Cortisol Standard A Cortisol Standard B Cortisol Standard
C Cortisol Standard D Cortisol Standard E Cortisol
Standard F Cortisol Standard G Cortisol Standard H
GARG-Coated Microtitration Strips Cortisol Control Level
I Cortisol Control Level II Cortisol Antiserum Cortisol
Enzyme Conjugate Concentrate Conjugate Diluent D TMB
Chromogen Solution Wash Concentrate I Stopping
Solution A

QUANTITY
One Vial One Vial One Vial One Vial One Vial One Vial One Vial One Vial One Plate One Vial One
Vial One Vial One Vial One Bottle One Bottle One Bottle One Vial
10-2001 10-2002 10-2003 10-2004 10-2005 10-2006 10-2007 10-2008 10-3731 10-2051 10-2052 102010 10-2020 10-2045 10-9755 10-4030 10-9780
B. Materials Required But Not Supplied:
• Microtitration plate reader capable of absorbance measurement at 450 nm and preferentially capable of
dual wavelength correction at 600 or 620 nm
• Deionized water
• Precision pipette to deliver 25 μL
• Semi-automatic pipette to deliver 100 μL
• Microtitration plate shaker capable of 500-700 orbital revolutions per minute (rpm)
• Automatic microtitration plate washer
• Vortex mixer
• Absorbent materials for blotting the strips
• Linear-log graph paper for manual data reduction
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C. Preparation of Reagents:
1. Wash Solution
Dilute 100 mL of Wash Concentrate with 900 mL of distilled or deionized water in a suitable storage
container. Store at room temperature until expiration date printed on concentrate label.
2. Enzyme Conjugate Solution
The Enzyme Conjugate Concentrate should be diluted at a ratio of 1 part Enzyme Conjugate
Concentrate into 50 parts Conjugate Diluent, according to the number of wells used. If an entire plate
is to be used, pipet exactly 200 μL of the Enzyme Conjugate Concentrate into 10 mL of the Conjugate
Diluent. The Enzyme Conjugate Solution should be prepared just prior to use.
3. Microtitration Wells
Select the number of coated wells required for the assay. The remaining unused wells should be placed in
the resealable pouch with a desiccant. The pouch must be resealed to protect from moisture.
D. Assay Procedure:
Allow all specimens and reagents to reach room temperature (~25°C) and mix liquid reagents thoroughly
by gentle inversion before use. Standards, Controls and unknowns should be assayed in duplicate.
1. Mark the microtitration strips to be used.
2. Prepare the Enzyme Conjugate Solution by diluting the Conjugate in the Conjugate Diluent as
described under the Preparation of the Reagents section of this package insert.
3. Pipet 25 μL of each Standard, Control and unknown into the appropriate wells.
4. Add 100 μL of the Enzyme Conjugate Solution to each well using a semi-automatic dispenser. Gently
tap the well holder for 5-10 seconds.
5. Add 100 μL of the Cortisol Antiserum to each well using a semi-automatic dispenser.
6. Incubate the wells at room temperature (~25°C) on a shaker set at 500-700 rpm for 45 minutes.
7. Aspirate and wash each well 5 times with the Wash Solution using an automatic microplate washer.
Blot dry by inverting plate on absorbent material.
NOTE: Use of an automatic microplate washer is strongly recommended. Incomplete washing will
adversely affect assay precision. If a microplate washer is not available, (a) completely aspirate the
liquid from each well, (b) dispense 0.35 mL of the Wash Solution into each well, and (c) repeat steps
(a) and (b) five times.
8. Add 100 μL of the TMB Chromogen Solution to each well using a semi-automatic dispenser.
9. Incubate the wells at room temperature (~25°C) for 10-15 minutes on a shaker set at 500-700 rpm.
10. Add 100 μL of the Stopping Solution to each well using a semi-automatic dispenser.
11. Shake the plate by hand for 5-10 seconds.
12. Read the absorbance of the solution in the wells within 30 minutes, using a microplate reader set to
450 nm.
NOTE: If wavelength correction is available, set the instrument to dual wavelength measurement at 450
nm with background wavelength correction set at 600 or 620 nm.
IX. CALCULATION OF RESULTS
A. Calculate the mean absorbance for each Standard, Control or unknown.
B. Using a linear-log graph paper, plot the mean absorbance readings for each of the standards along the
y-axis versus the cortisol concentrations in μg/dL along the x-axis. Alternatively, any data reduction
software designed for immunoassays could be used. Four-parameter curve-fit is recommended.
C. Draw the best fitting curve through the mean of the duplicate points.
D. Determine the cortisol concentrations of the Controls and unknowns from the standard curve by
matching their mean absorbance readings with the corresponding cortisol concentrations.
E. Any sample reading higher than the highest Standard should be appropriately diluted with the 0
μg/dL Standard and reassayed.
F. Multiply the value by the dilution factor if required.
If the microplate reader is not capable of reading absorbance greater than 2 or greater than the absorbance
of the last Standard, a second reading at 490 or 492 nm is needed (reference filter 600 or 620 if
available). In this case, proceed to construct a second standard curve as above with the absorbance
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readings of all standards at 490 nm. The concentration of the off-scale samples at 450 nm are then
read from the new standard curve. The readings at 490 nm should not replace the on-scale readings at
450 nm.
X. LIMITATIONS
• The reagents supplied in this kit are optimized to measure cortisol levels in serum or plasma.
• Avoid repeated freezing and thawing of reagents and specimens.
• Grossly hemolyzed, icteric or lipemic specimens should be avoided.
• The results of this assay should be used in conjunction with other pertinent clinical information.
XI. QUALITY CONTROL
• The DSL Controls or other commercial controls should fall within established confidence limits. The
confidence limits for the DSL Controls are lot specific and are printed on the Control vial labels.
®
• The TMB Chromogen Solution
WELL NO.
WELL
TYPICAL ACTIVE
should be colorless. Development
CONTENTS
CORTISOL EIA
of a blue color may indicate
STANDARD CURVE
reagent contamination or
DATA
instability.
CONC. (μg/dL)

A1,B1 C1,D1
E1,F1 G1,H1
A2,B2 C2,D2
E2,F2 G2,H2

STANDARDS A
BCDEFGH

MEAN ABSORBANCE
2.346 1.565 1.170 0.751 0.465 0.273 0.154 0.148
0 0.5 1.5 4.0 10.0 20.0 40.0 60.0
CAUTION: The above data must not be employed in lieu of data obtained by the user in the laboratory.
XII.
It is recommended that each laboratory establish its own SPECIMENS N
EXPECTED
expected ranges for cortisol. The following data were
VALUES
collected from 62 presumed normal adults using the DSL®

10-2000 ACTIVE Cortisol EIA Kit:
ABSOLUTE
RANGE (μg/dL)

MEAN ± 1 SD (μg/dL)

Normal Sera

12.3 ± 5.4

62

4.0 - 27.0

XIII. PERFORMANCE CHARACTERISTICS
All performance characteristics are stated in μg/dL. To convert to nmol/L:
μg/dL x 27.6 = nmol/L
A. Sensitivity:
The theoretical sensitivity or minimum detection limit, calculated by the interpolation of the mean minus
two standard deviations of ten replicates of the 0 μg/dL Cortisol Standard, is 0.1 μg/dL.

B. Precision:

The intra-assay precision was
determined from the mean of 12
replicates each.

COEFFICIENT OF
VARIATION (%)
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MEAN
(μg/dL)

SAMPLE

N

I II III

12
12
12

8.4 15.9
29.2

SAMPLE

N

MEAN
(μg/dL)

I II III

12
12
12

5.0 11.4
15.0

STANDARD DEVIATION (μg/dL)
0.2 0.8 3.0
2.4 5.0 10.3
The inter-assay precision was
determined from the mean of average
duplicates for 12 separate runs.
COEFFICIENT OF
VARIATION (%)

STANDARD DEVIATION (μg/dL)
Three
SAMPLE ENDOGENOUS ADDED EXPECTED
serum
(μg/dL)
(μg/dL)
(μg/dL)
samples
containing
different
levels of
endogenous
cortisol
were
spiked with
known
amounts of
cortisol and
assayed.
RECOVERY
I II III
5.1 13.3 20.4
5.5 1.8
10.6 15.1
(%)
3.6
24.0
C. Recovery:

OBSERVED (μg/dL)
9.8 18.7 24.9
93 124 104

D. Linearity:

Two serum samples were
diluted with the 0 μg/dL
Cortisol Standard and assayed.

SAMPLE

DILUTION
FACTOR

RECOVERY
(%)

I
II

--- 1:2 1:4
1:8
--- 1:2 1:4
1:8 1:16

--- 6.5 3.2 1.6
--- 13.6 6.8
3.4 1.7
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EXPECTED
(μg/dL)

13.0 6.9 3.8
1.8
27.2 12.4 5.5
3.4 2.0

OBSERVED (μg/dL)
--- 106 119 113
--- 91 81 100 118
E. Specificity:
The cross-reactivity of the Cortisol Antiserum has been measured
against various compounds. The percent cross-reactivity is expressed
as the ratio of the cortisol concentration to the concentration of the
reacting compound at 50% binding of the 0 μg/dL Cortisol Standard.
%
CROS
SREAC
TIVIT
Y

COMPOUND
Cortisol Prednisolone Prednisone Cortisone 11-Deoxycortisol 21-Deoxycortisol 17αHydroxyprogesterone Dexamethasone Triamcinolone Corticosterone Progesterone DHEA
100 58.3 10.9 7.0 5.7 1.9 0.9 0.9 0.4 ND ND ND
ND = non-detectable (<0.004%)
F. Method Comparison:
®

The DSL ACTIVE Cortisol EIA was compared to a commercially available cortisol RIA kit (Method X)
by assaying 42 serum samples ranging from 4.10 to 30.16 μg/dL (EIA). The regression analysis yielded
the following equation:
[DSL-10-2000]= 0.83 [Method X] + 3.01
r = 0.92
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APPENDIX I
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APPENDIX J
TELEPHONE HEALTH HISTORY QUESTIONNAIRE 2
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TELEPHONE HEALTH HISTORY FORM
BIOBEHAVIORAL EFFECTS OF CAFFEINE IN MEN STUDY

Participant ID:___________________________________________
Screening Date:_________________________________________
Interviewer’s Name:______________________________________

Hello, this is_______________ calling from Penn State University. I am calling regarding
an ongoing research project on biological and behavioral effects of caffeine that you
expressed an interest in participating. Do you have a few minutes for me to tell you
about the study?
YES - continue
NO. Okay. Is there a better time that I may call you to tell
you more about the study?
YES. Time:____________
Date:_____________
NO. Well, thank you for your time.

To help maintain confidentiality of this conversation, you may wish to use a hardwired
telephone (in other words, not cordless OR A CELL PHONE) if it is available.
The purpose of this study is to understand how caffeine consumption influences blood pressure,
neuroendocrine (hormone) levels, and the ability to complete one of three challenging cognitive
tasks in men. The investigators will use the blood pressure, hormone, and cognitive performance
measures to develop complex computer models of how people respond to stress. These computer
models will be used to summarize human behavior and to provide important information about
vulnerability to stress-related illnesses, such as high blood pressure.
The study involves one laboratory session. For this session, you will be asked to come
to Penn State’s Clinical Research Center at the Noll Laboratory on campus for 2 and ½
hours in the afternoon, Monday through Friday. The appointment will be scheduled
during a time that is convenient for you.
Upon arriving at the Penn State Clinical Research Center, you will be seen by a nurse
practitioner who will briefly review your health history. A research assistant will go over
informed consent for your participation in the study. In addition, your height and weight
will be measured.
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If you agree to participate, you will be asked to fill out some questionnaires that will
ask you about your moods, and daily activities. You also will be asked to complete 2 brief
computerized tasks that measure your reactions to stimuli presented on a computer
screen. Next, a research assistant will place a blood pressure cuff on your arm, and you
will be asked to take two pills that contain either caffeine or no caffeine.
After a rest period, you will be asked to perform either a math task or an arcade-like
computer game for about 20 minutes. Following the tasks you will be given another rest
break, and then asked to complete several questionnaires. These questionnaires will ask
you about your mood, your responses to challenging situations, and your social
relationships. You also will be asked to complete 2 computer tasks similar to the ones
you will complete earlier in the study.
During your time at the Research Center, you will be asked to provide 2 saliva samples
that we will use to measure your biochemical responses to the tasks in the study. This
procedure is non-invasive and includes chewing on a small piece of cotton in your mouth
until it is completely wet. In addition to the saliva samples, we will measure your blood
pressure and heart rate responses during the tasks and rest periods.
You will receive $50 for completing the laboratory session.
Do you have any questions so far?
Do you think that you would like to participate in this study?
NO. Okay. Thank you for your time.

YES – continue:
I now would like to ask you a series of questions about your medical and social history to
determine your eligibility for participating in the study. It should take approximately 5-10
minutes to complete this screening, and you may choose not to answer any specific
questions.
IF PARTICIPANT DOES NOT HAVE TIME TO FINISH TELEPHONE
QUESTIONNAIRE:
What is a good time that I may call you to determine
your eligibility for participating in our study?
Time:____________

Date:_____________

Thank you for your time and I’ll speak with you soon.

INTERVIEWER: Begin Health History Questionnaire on next page.
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DEMOGRAPHIC INFORMATION
1. What is your date of birth? _______
MonthDay

_______
_______
Year

At least 1984

AGE=18+

2. What is your ethnic background?
________ White/Caucasian
________ African American
________ Chinese
________ Japanese
________ Latino
________ Other (SPECIFY)

3. Is English your primary language?

______
Yes

______
No

4. What is the highest level of education that you have attained? CIRCLE LAST GRADE
COMPLETED
NONE
GRADE SCHOOL…….

1

2

3

4

5

6

7

8

HIGH SCHOOL………

9

10

11

12

COLLEGE…………….

13

14

15

16+ (ADVANCED DEGREE)

9+
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HEALTH
I AM GOING TO READ YOU A LIST OF HEALTH CONDITIONS. PLEASE LET ME KNOW IF
A DOCTOR HAS EVER TOLD YOU THAT YOU HAVE ANY OF THEM. IT IS NOT
NECESSARY FOR YOU TO INDICATE WHICH DIAGNOSIS YOU HAVE RECEIVED.
LIST ALL DISORDERS FOR CALLER -- DO NOT PROBE FOR A SPECIFIC DISORDER
1. Has a doctor ever told you that you have or had any of the following disorders:
ALL NO
a.
b.
c.
d.
e.
f.
g.
h.
i.
j.
k.
l.
m.
n.
o.
p.
q.
r.
s.
t.
u.

Endocrine disorders?
Thyroid problems?
Hypertension/High BP?
Diabetes?
Stroke?
Heart attack?
Irregular heart beat?
Angina (chest pain)?
Congestive heart failure?
Other heart condition? (e.g., murmur, rheumatic heart disease)
Shortness of breath?
Pulmonary/lung disease?
Asthma?
Kidney/renal problems?
Liver disease?
Cancer?
Anemia or other blood conditions?
Problems with bleeding?
Problems with memory?
Problems with seizures?
Head trauma (e.g. concussion, head or neck injury)

DID PARTICIPANT SAY YES TO ANY ITEMS? _______NO

_____YES

NO

2. Do you have any other chronic medical conditions? If so, please describe:______________
_________________________________________________________________________
_________________________________________________________________________
3. Do you take any regular medication?

______No

______Yes

Could you please tell me the names? ________
______________________________________
______________________________________
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4. What about stimulant medications used to treat Attention Deficit/Hyperactivity Disorder
(ADHD) such as Adderall, Ritalin or Concerta?

______No

______Yes

NO

Could you please tell me the name(s)? ____________________________________________
5. Do you try to avoid eating or drinking foods that contain caffeine?
_____No

___Yes

NO

6. Do drink beverages or eat foods that contain caffeine ON A DAILY BASIS?
_____No

___Yes

NO

7. Are you taking any over-the-counter stimulant, cold, or flu medications or weight loss or
muscle building supplements such as ephedrine (Sudafed, Herbal XTC, Energel, Xenedrine,
Herbalife, Hydroxycut) or caffeine supplements like Vivarin, NoDoze or Excedrin for headaches?

______No

______Yes

NO

Could you please tell me the name(s)? ____________________________________________

8. I am going to read you a list of caffeinated beverages. Please let me know how many
servings of each beverage you consume in a typical day, on average.
a. Coffee cups: _______ if >0

# 6-8 oz mugs (ordinary mugs)______
# 10 oz or more_______

b. Cups of tea (other than decaf or herbal):_______
c. Cans of caffeinated cola/diet cola:_______
d. Cans of high caffeine soda (Mt. Dew, etc.):________
e. Bottles of Caffeine Water/Juice (Water Joe, etc.):________
f. Bottles of Iced Coffee or Tea Drinks:_________
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9. Do you regularly drink any energy or herbal drinks during the day that contain ephedra (Ma
Huang), guarana, or caffeine such as allergy or sinus teas, Red Bull beverages?
______No

______Yes

NO

Could you please tell me the name(s)? ____________________________________________

10. Are you taking antidepressants or medications for mood or anxiety/nervousness?
______No

______Yes

NO

Could you please tell me the name(s)? ___________________________________________
11. What about oral or parenteral (injected) corticosteroids?

______No

______Yes

NO

Could you please tell me the name(s)? ____________________________________________

12. Do you consider yourself to be a “social smoker” or do you use tobacco products only in
social situations?
_____No

___Yes

NO

13. Have you used any type of tobacco (i.e. cigarettes, cigars etc) product in the last 30 days?
_____No

___Yes

NO

14. Are you a smoker or have you quit smoking within the last year?
_____No

___Yes

NO

15. Do you use other forms of tobacco such as cigars or chewing tobacco?
_____No

___Yes

NO
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16. Do you use over-the-counter nicotine products such as nicotine gum or nasal spray?
_____No

17. Are you: right-handed:_______

___Yes

NO

left-handed:________ (Check one)

18. What is your present weight (in pounds):____________
19. What is your height: _______ feet _______ inches Æ _______ total inches

INTERVIEWER: calculate Body Mass Index from chart
BMI:________

One final question. In addition to this current study, we frequently have other studies
about aspects of health. Would you be interested in having us contact you in the future
when we have other studies starting in which you might participate?

YES…..1
NO……2
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CONCLUSION OF TELEPHONE HEALTH HISTORY
For this current study, we cannot include people who have certain health conditions or
are taking certain medications. Therefore, I will have one of our medical staff review the
information you gave me during this telephone call. After that, someone from our
research staff will get back in touch with you. In order to contact you, I will need some
additional information:

What is your full name?_________________________________________________
Home Address
Street:___________________________________________________________
City, State:__________________________________________________________
Zip Code:___________________________________________________________
Email address:_____________________
Home phone:_______________________
Day/work phone:____________________
Best time and place to reach you:
Morning (8-12):_________________________
Afternoon (1-5):_________________________
Evening (7-9):_________________________
Thank you for your time.

Experimenter: Be sure to remove this page after subject is scheduled for lab session(s).

APPENDIX K
SALIVARY CORTISOL EIA PACKAGE INSERT
(SALIMETRICS, LLC)
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