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1 INTRODUCTION

It is well known that cortisol plays an important
role in the stress response of the body and its concen�
tration in the blood rapidly grows after activation of
the hypothalamic–pituitary–adrenal axis (HPAA)
induced by a stress factor. However, in addition to
immediate alteration of the cortisol level, there are
some pathological conditions, such as hypo� and
hypercorticoidism, where low or high levels of cortisol
are maintained for a long period of time and predeter�
mine stress�induced diseases [1–3].

Until recently, the consequences of stress were
evaluated using a cortisol assay in blood, saliva, or
urine samples. These approaches are used for the
assessment of the short�term consequences of stress
and it is impossible to apply them for longitudinal
studies, which is a disadvantage. Moreover, various
factors, including circadian rhythms [4, 5], food
intake [6], and physical training [7], may influence the
individual cortisol level and make cortisol assessment
at a specific time point incorrect. Thus, individual
variations in circadian rhythms and a substantial
decrease in the cortisol content in the morning, which
is the usual time of blood sampling in hospitals, may
explain the significant variability of the data within
groups.

Analysis of the constitution of hair is widely used
for the evaluation of the contents of drugs or toxicants
[8]. The rate of hair growth is approximately
1 cm/month; therefore, assessment of the drug level
may reflect the duration of the consumption of a sub�
stance [9]. Measurement of the content of the cortisol
stress hormone in hair is considered as an opportunity
to perform a retrospective analysis of the systemic level
of cortisol that accumulated during a long period, such
as months, which may reflect the cumulative activity
of HPAA in clinical and experimental studies [10].

In the present study, we adapted a known method
for cortisol extraction from hair to its following assess�
ment under the conditions of a clinical laboratory.

MATERIALS AND METHODS

Hair samples from four 22–49�year�old male vol�
unteers were used for the study. The hair was cut using
scissors in close proximity to its roots from the back of
the head. The weights of the samples were approxi�
mately 30–40 mg. Cortisol was extracted according to
the method of Yamada et al. [11] with minor modifi�
cations. A hair sample of 5–20 mg was cut with small
surgical scissors and put into a 2�mL Eppendorf tube
with a screw cap. After the addition of 1 mL of meth�
anol, the samples were incubated for 16 h at 52°C
using a thermoshaker (Biosan, Latvia). Methanol
extracts were transferred into the other tubes and dried
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using a Concentrator plus vacuum concentrator
(Eppendorf, Germany). After methanol evaporation,
250 µL of phosphate�buffered saline (pH 7.4) was
added to the tubes, while the remainder was dissolved
for 10 min at 25°C using a thermoshaker. Because not
all extracted substances could dissolve in a water buffer
solution but could affect the immune�enzyme hor�
mone assay, the samples were filtered through Eppen�
dorf�compatible paper filters with a pore size of 10 µm
(Thermo Scientific, United States). To our knowl�
edge, this step is not described in the protocols that are
recommended for cortisol assessment in hair but it is
important for correct hormone measurement. This
scheme was also used for corticosterone extraction
from the hair of Wistar rats prior to and after moderate
pain�emotional stress. For this purpose, the rats were
subjected to electric pain stimulation for 10 min every
5 days during 30 days.

Cortisol was measured in hair extracts using an
Access cortisol kit (Beckman Coulter, United States)
for the immune�enzyme assay with competitive
interaction in accordance with the instructions of the
manufacturer. Measurements were performed using
an Access�2 immunochemical analyzer (Beckman
Coulter, United States). Corticosterone was measured
in rat hair extracts using a DRG corticosterone ELISA
kit (DRG International Inc., United States), which is
also based on competitive interaction, in accordance
with the instructions of the manufacturer. Data are
presented as the mean values that were calculated by
the analyzer from several parallel samples.

RESULTS AND DISCUSSION

The data (Fig. 1a) demonstrate that cortisol extrac�
tion increased linearly depending on the increase in
the sample weight from 5 to 20 mg. In spite of differ�
ences in the initial hormone levels, this relationship
was observed in subjects with ages of 23 and 49 years.
In four 23–49�year�old subjects, the cortisol content
in the hair varied from 21.62 to 62.45 pg/mg (Fig. 1b);

these values were similar to those reported by other
researchers who used an immunoassay for the mea�
surement of the cortisol level in hair [12]. Sauvé et al.
[12] reported that hair dyeing and the head region that
was chosen for hair sampling did not affect the cortisol
content; however, cosmetic treatment that led to hair
death decreased the cortisol level. In this study, no cor�
relations were observed between the cortisol levels in
the hair, blood serum, and saliva, whereas a significant
correlation with a low correlation coefficient, viz., r =
0.33, P = 0.041, was found between the cortisol con�
tents in hair and daily urine.

Cortisol is thought to penetrate the hair shaft from
the blood flow via simple diffusion and be related to
the pool of free cortisol but not the total cortisol pool
[13, 14]. Various diseases, including hypo� and hyper�
corticoidism; age; and the local synthesis or metabo�
lism in a hair follicle may influence the rate of hair
growth and cortisol intake [15, 16].

In the hair of Wistar rats, the initial level of corti�
costerone was 189.74 pg/mg; however, the corticoster�
one content increased to 227.88 pg/mg after 30�day
intermittent moderate stress. An increase in the hair
cortisol content was observed in male rhesus monkeys
after transportation stress [17].

Positive correlations between the cortisol content
in the hair and chronic stress have been revealed in
pregnant women [18]. Cortisol analysis was performed
in the hair of patients who suffered from psychological
disease, bipolar affective disorder, in whose etiology
HPAA deregulation may play a role. In patients with
clinical manifestation of this disease after 30 years, the
cortisol level was significantly higher compared to
healthy subjects [19].

Thus, assessment of the cortisol content in hair is a
non�invasive informative approach for longitudinal
studies of alterations in the systemic level of this stress
hormone that continue for a long periods of time in
both healthy subjects and patients with various
somatic and psychological pathologies.
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Fig. 1. (a) Data on the calibration of cortisol extraction from hair samples of various weights and (b) cortisol contents in the hair
of subjects of various ages. Abscissa axis, the ages of the subjects.



NEUROCHEMICAL JOURNAL  Vol. 9  No. 1  2015

TECHNICAL APPROACHES TO A CORTISOL ASSAY IN HAIR 75

ACKNOWLEDGMENTS

This study was supported by the Russian Science
Foundation, project no. 14�25�00136.

REFERENCES

1. Fries, E., Hesse, J., Hellhammer, J., and Hellhammer, D.,
Psychoneuroendocrinology, 2005, vol. 30, pp. 1010–
1016.

2. Nijm, J. and Jonasson, L., Ann. Med., 2009, vol. 41,
pp. 224–233.

3. Cohen, S., Janicki�Deverts, D., and Miller, G., JAMA,
2007, vol. 298, pp. 1685–1687.

4. Groschl, M., Rauh, M., and Dorr, H., Clin. Chem.,
2003, vol. 49, pp. 1688–1690.

5. Wietzman, E., Fukushim, D., Nogeire, C., Roffwarg, H.,
and Gallaghe, T., J. Clin. Endocrion. Metab., 1971,
vol. 33, pp. 14–22.

6. Gibson, E., Checkley, S., Papadopoulos, A., Poon, L.,
and Daley, S., Psychosom. Med., 1999, vol. 61, pp. 214–
224.

7. Galbo, H., Int. J. Sports Med., 1981, vol. 2, pp. 203–
211.

8. Villain, M., Cirimele, V., and Kintz, P., Clin. Chem.
Lab. Med., 2004, vol. 42, pp. 1265–1272.

9. Wennig, R., Forensic Sci. Int., 2000, vol. 107, pp. 5–12.
10. Russell, E., Koren, G., Rieder, M., and Van Uum, S.,

Psychoneuroendocrinology, 2012, vol. 37, pp. 589–601.
11. Yamada, J., Stevens, B., and de Silva, N., Neonatology,

2007, vol. 92, pp. 42–49.
12. Sauvé, B., Koren, G., Walsh, G., Tokmakejian, S., and

Van Uum, S.H., Clin. Invest. Med., 2007, vol. 30,
pp. E183–E191.

13. Raul, J., Cirimele, V., Ludes, B., and Kintz, P., Clin.
Biochem., 2004, vol. 37, pp. 1105–1111.

14. Pragst, F. and Balikova, M., Clin. Chim. Acta, 2006,
vol. 370, pp. 17–49.

15. Loussouarn, G., Br. J. Dermatol., 2001, vol. 145,
pp. 294–297.

16. Ito, N., Ito, T., and Kromminga, A., FASEB J., 2005,
vol. 19, pp. 1332–1334.

17. Davenport, M., Tiefenbacher, S., Lutz, C., Novak, M.,
and Meyer, J., Gen. Comp. Endocrinol., 2006, vol. 147,
pp. 255–261.

18. Kalra, S., Einarson, A., Karaskov, T., van Uum, S., and
Koren, G., Clin. Invest. Med., 2007, vol. 30, pp. E103–
E107.

19. Van Rossum, E., Manenschijn, L., Spijker, A., Koper, J.,
Jetten, A., Giltay, E., Haffmans, J., and Hoencamp, E.,
Int. Soc. Psychoneuroendocrinology, 2011, vol. 19,
pp. 64–65.


