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ABSTRACT

The objective of this study was to evaluate cortisol in the saliva and serum of
healthy persons and its daily fluctuations by using immunochemical method on
a autoanalyzer. Biological samples: Serum from 14 healthy persons and saliva from
18 healthy persons were taken two times at 8 a.m. and at 4 p.m. Immunochemical
assay: The principle of this method is the competitive binding of cortisol present
in the analyzed sample and cortisol marked with peroxides on binding parts with
specific antibodies. Statistical analysis: Student t-test. Cortisol in saliva in the morn-
ing: 21,2 + 16,2 nmol/l and in the afternoon 12,7 + 8,1 nmol/l. Cortisol in serum in
the morning;: 459, 6 + 235,2 nmol/l, and in the afternoon 340,5 + 207,5 nmol/l. The
concentrations of cortisol in saliva are lower than in serum. Cortisol in the serum
in the morning is about twenty times higher than cortisol in the saliva at the same
time. Cortisol in the serum at afternoon is about twenty-seven times higher than
cortisol in the saliva. Individual variabilities of cortisol in the saliva and serum were

found during the day.
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INTRODUCTION

Cortisol is the main glucocorticoid hormone which is
secreted by the cortex of the adrenal gland. According
to its chemical structure, cortisol is a steroid hormone.
Cortisol affects the metabolism of carbohydrates, fats
and proteins. Cortisol is involved in the response to
stress and is necessary for the proper functioning of an
organism. The adrenal gland cortex secretes the group
of different hormones called corticosteroids. Accord-
ing to its leading physiological influence, corticoster-
oids can be divided into three groups: glucocorticoids
(cortisol and corticosteron), mineral corticoids (aldos-
teron), and androgen hormones (dehydroepiandros-
teron and androstenedion). Cortisol, like all other ad-

renal gland cortex hormones, comes from cholesterol.
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FIGURE 1. Cholesterol as predecessor of steroid hormons

Chemistry of cortisol

From a previous chemical structure and title of cor-
tisol we can see that in basic pregnenolon hydrocar-
bon, three carbons are replaced by hydroxyl groups
in 11, 17, ,21 positions and that one —OH group in
C-11 atom is in the beta position, while the other

FIGURE 2. 11 B, 17¢, 21 - trihydroxypregnan - 4 - en - 3,20 -
dion (cortisol)

BOSNIAN JOURNAL OF BASIC MEDICAL SCIENCES 2008; 8 (2): 111-115

—OH group in C-17 atom is in the alpha position. Be-

tween C-4 and C-5 is a double connection (4-en)
and in atoms C-3 and C-20 are two keton groups.

Cortisol in different body fluids

Cortisol is measured in blood and urine, and recently,
especially in situations when the sample of blood is hard
to take, cortisol is measured in saliva as well. By deter-
mining the concentration of cortisol in serum or plasma,
intensity of secretion and its effect on tissue is defined. In
this determination it is necessary to know that analysis of
one sample of serum or plasma shows concentrations at
certain moments. By determining the concentration of
cortisol in 24- hours urine volume, the amount of corti-
sol secreted during the day is defined, by which the func-
tion of the cortex of adrenal gland can be shown. Saliva
is used as an alternative sample for the measurement of
cortisol in the last decade. Referential values of cortisol
concentration are classfied according to the time when
the sample is taken. The referential areas are affected
by several factors which can vary, so it is recomended
that every laboratory should define its own referential
values. Referential values of cortisol in certain body
fluids, determined in Laboratory of Clinical Biochem-
istry of Institute for Clinical Biochemistry and Chem-
istry of Clinical Centre at University of Sarajevo, are:
In serum

In the morning (8 —gam.) ... 123,0 - 626,0 nmol/l
Afternoon (4.- 5 p.m.) ....... 46,2 - 389,0 nmol/l

In saliva

In the morning (8 — 9 a.m) .. 3,5 - 27,0 nmol/l

Afternoon (4. - 5 p.m.) ... 1,3 - 6,0 nmol/l
In urine

59,2 do 413,0 nmol /24

MATERIALS AND METHOD

Biological materials

Biological material serum of blood and saliva is used in
these analyses. Blood from veins is taken from 14 healthy
persons, 8 man and 6 women, two times in the morn-
ing (8 — 9 am.) and after noon (4 - 5 p.m.). After the co-
agulation samples are centrifugated (five minutes, 4000
turns), in order to put aside serum in which measures
of cortisol concentration are done. Samples of saliva are
taken from 18 healthy persons, 10 men and 8 women,
two times, in the morning (8 — 9 am) and after noon
(4 - 5 p.m.). Samples of saliva are centrifugated as well,
in order to get fluid without additions. Samples of se-
rum and saliva were held at temperature —24° C degrees.
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Determination of cortisol with immunochemical method

Evaluation of cortisol concentration in serum
and saliva is done on an autoanalyzer, by the Im-
munochemical method, which is based on im-
munochemical reaction with luminescence.
Determination is based on competitive binding of
cortisol in sample and cortisol marked with peroxi-
dase, on binding places with special antybodies(sheep
anty-cortisol). Antigen —antibody complexes which
are formed are caught with streptavidine at barri-
ers of vessel; materials that are not bound are taken
out with washing. The activity of bound peroxidase
is measured by luminiscent reaction. Bound per-
oxidase catalyses oxidation of luminol derivatives
forming the light. Light signals are shown on the ma-
chine. The amount of bound peroxidase is reversely
proportional to the concentration of present cortisol.
Statistical analysis of the results is done by Student t-test.

RESULTS

Concentration of cortisol in saliva

The results of measuring the concentration of cortisol in
saliva before and after noon shown in Table 1, and results
from the Graphi., show that there are daily fluctuations
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GRAPH 1. Concentration of cortisol in saliva of healthy
persons in the morning and afternoon

Concentration of cortisol in saliva of healthy persons,

in the morning and afternoon, according to the sex of
examinee

Results show that there are daily fluctuations of cortisol
in the saliva of men and women as well. The concentra-
tion of cortisol is statistically much higher in the morn-
ing than it is in the afternoon in the saliva of both sexes.
Regarding the persons of female sex, the higher

¢ (cortisol) (nmol/l)

No. of Sample

8-9a.m. 4-5 p.m.
of cortisol concentrations in saliva. Results show that L 333 14,6
concentration of cortisol in saliva is statistically much 2 637 240
higher in the morning, than it is in the after noon (p<0,01). > 316 ,19’0
4. 40,0 30,4
5. 11,2 10,0
6. 14,5 84
No. of Sex ¢ (cortisol) (nmol/l) 7. 50 2,5
Sample 8-9a.m. 4-5p.m. 8. 4,6 4,0
1. F 33,3 14,6 mean +S.D. 25,5 +20,5 14,1 +9,8
2. F 63,7 24,0 T-test 0,040
3. F 31,6 19,0 p <0,05"
4. F 40,0 30,4
5 E 112 100 TABLE 2. Concentration of cortisol in saliva of female persons in the
morning and afternoon
6. F 14,5 8,4
7. F 50 2,5 No.of Sample ¢ (cortisol) (nmol/l)
8. F 4,6 4,0 8-9a.m. 4-5p.m.
9. M 8,5 7,0 1. 8,5 7,0
10. M 34,5 25,0 2. 34,5 25
11. M 15,2 16,7 3. 15,2 16,7
12. M 15,5 13,7 4. 15,5 13,7
13. M 41,6 19,0 5. 41,6 19,0
14. M 14,0 8,1 6. 14,0 8,1
15. M 7,0 4,3 7. 7,0 4,3
16. M 12,0 4,8 8. 12,0 4,8
17. M 22,0 11,4 9. 22,0 114
18. M 6,5 6,0 10. 6,5 6,0
mean +S.D. 21,2 +16,2 12,7+8,1 mean +S.D. 17,7 +11,8 11,5 +6,9
T-test 0,002 T-test 0,02
p <0017 p <0,05°

TABLE 1. Concentration of cortisol in saliva of healthy persons in the
morning and afternoon
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TABLE 3. Concentration of cortisol in saliva of male examinees in the
morning and afternoon
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middle value of cortisol concentration in saliva is
found in comparison with male persons, in the morn-
ing and afternoon. The differences between gen-
ders are not statistically important (Tables 2. and 3.).

Concentration of cortisol in serum

The results of measurements of cortisol concentra-
tion in serum in the morning and afternoon shown
in Table 4, as well as in the Graph 2., show that
there are daily fluctuations of cortisol concentra-
tion in serum. Results have shown that concentra-
tion of cortisol in serum is statistically much higher
in the morning than it is in the afternoon (p<o0,001).

¢ (cortisol) (nmol/l)

No. of Sample Sex
8-9a.m. 4-5p.m.
1. M 389,0 270,4
2. M 168,3 124,2
3. M 562,8 2759
4. M 996,0 938,1
5. M 805,6 502,1
6. M 527,0 411,1
7. M 653,9 504,9
8. M 405,6 322,8
9. F 234,5 209,7
10. F 182,1 146,2
11. F 449,7 289,7
12. F 322,8 273,1
13. F 3311 179,3
14. F 405,6 320,0
mean +S.D. 459,64235,2 340,5 +207,5
T-test 0,0002
p <0,001%

TABLE 4. Concentration of cortisol in serum of healthy persons in
the morning and afternoon

1200 —4—39am
. =l 4-5p.m.
= 1000 A
=
S
2 800 A
Z
E
S 600 4
<
5
= 400 A
g
=
g 200
=}
=}

&)
0 T 1
0 5 10 15

Number of examinee

GRAPH 2. Concentration of cortisol in serum of 14 healthy
persons in the morning and afternoon

Concentration of cortisol in serum of healthy persons
before and after noon according to the sex of examinee
Cortisol concentration measurements in serum show
that there are daily fluctuations of cortisol concentra-
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tion in the serum of both sexes. Concentration of corti-
sol in serum is statistically much higher in the morning
than it is in the afternoon, in the serum of both sexes.
Regarding the female examinees, the lower middle
value of cortisol concentration is found, in com-
parison with the male examinees, in the morning
and afternoon as well. The differences between per-
sons of different sex are not statistically important.
(Table 5.and 6.)

¢ (cortisol) (nmol/l)

No.of Sample
8-9am. 4-5p.m.
1. 234,5 209,7
2. 182,1 146,2
3. 449,7 289,7
4. 3228 2731
5. 331,1 179,3
6. 405,6 320,0
mean +S.D. 321,0+100,6 236,4 +68,2

T-test 0,017

p <0,05"

TABLE 5. Concentration of cortisol in serum of female examinees in
the morning and afternoon

¢ (cortisol) (nmol/l)

No.of Sample
8-9a.m. 4-5 p.m.
1. 389,0 270,4
2. 168,3 124,2
3. 562,8 2759
4. 996,0 938,1
5. 805,6 502,1
6. 527,0 411,1
7. 6539 504,9
8. 405,6 322,8
mean +S.D. 563,5+258,2 418,7 +245,7

T-test 0,004

p <0,01*

TABLE 6. Concentration of cortisol in serum of male persons in the
morning and afternoon

Comparison of cortisol concentration in saliva and serum
According to the data shown in Table 7., which are
shown in Graph 3., it can be seen that the middle val-
ue of cortisol concentration, in the morning in serum
is 22 times higher than the middle value of cortisol con-
centration in saliva, and the middle value of cortisol
concentration in serum, afternoon, is 27 times higher
than the middle value of cortisol concentration in saliva.

mean + S.D. (nmol/l)

Time of Samplin
png Saliva Serum
8-9am. 21,2 16,2 2704
459,6 235,2 168,3 124,2

TABLE 7. Middle values and standard deviations of cortisol concen-
tration in serum and saliva in the morning and afternoon
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GRAPH 3. Comparison of cortisol concentration in saliva and serum in the morning and afternoon

DISCUSSION

Cortisol is the main glucocorticoid hormone which
is secreted by the cortex of the adrenal gland and the
most important one. Synthesis and secretion of corti-
sol are controlled by adenohypophysis hormone, adre-
nocorticotropin hormone, ACTH, while the synthesis
and secretion of ACTH is controlled by hypothalamus
hormone, corticotrophin releasing hormone, CRH. The
highest amount of cortisol is bound with corticoster-
oid connecting globulin CBG (corticosteroid — bind-
ing globulin) or transcortin, while the rest is bound
with albumins of plasma. Production of cortisol has an
independent circadian daily rhythm with the highest
concentration in early morning hours and the lowest
concentration in the evening (1). The factor which con-
trols this rhythm is not defined and it can be affected by
physical and psychological conditions. ACTH and cor-
tisol can be secreted independently of circadian rhythm
as a reaction to physical and psychological stress (2).
Higher concentration of cortisol and lack of daily
rhythm can be identified as Cushing’s Disease. As well
as in patients with adrenal tumors, low cortisol concen-
tration can be found at primary insufiation of adrenal
core gland (Addison’s disease) and lack of ACTH (3).
The results of our measurements have shown the
lower value of cortisol concentration in the afternoon
hours in comparison to the measurements in the
morning in samples of saliva (Table 1. and Graph 1.),
as well as in samples of saliva (Table 4. and Graph 2.).
Besides the measurements of blood in urine, the mea-
sured of cortisol concentration in saliva has recently
become the important choice in many analyses. Tak-
ing the samples of saliva has many practical advantages,
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because cortisol in saliva can be measured under many
clinical and practical conditions. It is believed that corti-
sol enters the saliva by passive diffusion or in the other
ways independent of active mechanism transports, the
concentration of cortisol in saliva remains unchanged
depending on the amount of saliva that is formed. Ac-
cording to the concept of free hormone (4, 5) only un-
bound cortisol comes to the target tissue and forms
the reaction of glucocortoidal effects. Recently, many
scientists and endocrinologists have examined new
methods and applications of cortisol concentration
measurement of cortisol in order to have additional
proofs of the importance of cortisol measurings in sa-
liva. This will encourage wider cortisol measurings in
basic and clinical psychoendocrinological examinations.
Despite the fact that many researchers have shown that
there is a correlation between the concentration of the
cortisol in saliva and the concentration of cortisol in
plasma and serum, certain doubts still exist. The results
that support this theory are shown in the body fluids of
healthy persons. High correlations between saliva and
serum cortisol are noticed in newborns (6), childern
and adolescents (7), elders (8), as well as psychiatric
patients (9). Simultaneous cortisol measurement in
blood and saliva of volunteers to whom have been giv-
en exogenous cortisol and deksametason have shown
important correlations (9, 10, 11). Most studies show
that the amount of saliva cortisol is connected with
the amount of cortisol in blood, but the absolute corti-
sol concentration that is found in saliva is much lower
than the cortisol concentration in blood in all studies.
Results of our measurement have shown a lower
cortisol concentration in samples of saliva in com-
parison to concentrations of cortisol in samples of
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serum, as well as in samples that were taken before tisol in early morning hours could completely replace

noon and afternoon hours (Table 7. and Graph. 3.). It of measurements of cortisol in serum and plasma.

could be concluded that measurements of saliva cor-

CONCLUSION

« There are very complicated daily fluctuations of cortisol in the saliva of healthy persons of both sexes, because the
middle value of cortisol concentration before noon is statistically significantly higher in comparison to the middle
value of cortisol concentration in the after noon.

« Higher Cortisol concentration in saliva of female is found in comparison to the male examinees, but these differences
are not statistically important.

+ There are very complicated daily fluctuations of cortisol in serum of healthy persons of both sexes, because the middle
value of cortisol concentration before noon is statistically significantly higher than the middle value of cortisol concen-
tration after noon.

« Cortisol concentration in serum of females is lower in comparison with male examinees, but these differences are not
statisticaly important.

« Middle value of cortisol concentration, in serum is much higher than it is in saliva. It is 22 times higher before noon,

and 27 times higher in the after noon.

.

Individual variability of cortisol concentration is evident during the day both in serum and saliva.

« The concentrations of cortisol in saliva are very low, so it is recommended that in cases of metabolical disorders , sam-
pling time of saliva should be taken in consideration.

« Measurements of saliva cortisol, especially in early morning hours can completely substitute for measurements of

cortisol in serum or plasma.
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