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Abstract

Background: Cardiovascular diseases with the accompanied elevated level of total cholesterol have been a major pro-
blem in society for the last several decades. They belong to the diseases of civilization which affect people at an incre-
asingly young age. For this reason, our aim was to investigate whether the concentrations of selected steroids are related
to elevated total cholesterol in people without diagnosed cardiovascular diseases. Material and methods: The study
involved 71 plasma samples. 19 of them were obtained from women and men with elevated cholesterol levels, whereas
52 samples were from healthy volunteers (control group). Liquid chromatography coupled with mass spectrometry (LC-MS)
validated method followed by solid-phase extraction procedure were applied to measure the plasma concentrations of the
three endogenous glucocorticosteroids (cortisol, corticosterone and cortisone). Results: Statistically significant differences
between the concentration of cortisol were noted among healthy women and women with elevated cholesterol. The me-
asured concentrations of cortisol in healthy women and men are comparable, 111.19 ng/mL and 112.22 ng/mL. respectively.
However, the concentrations of cortisol in the elevated cholesterol group was significantly lower among women with eleva-
ted cholesterol than in healthy women (74.13 ng/mL and 111.19 ng/mlL respectively). The concentration of cortisol for men
with elevated cholesterol was 38.60 ng/mL. Hence, it is much higher than in women with elevated cholesterol and higher
than in the case of healthy men. Distinctive changes can be observed also for corticosterone measured for both women and
men. Conclusions: The observed differences on the level of steroids between healthy control group and patients with eleva-
ted cholesterol can be considered as worthy of further investigation from both biochemical as well as clinical points of view.
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Introduction

According to the data from World Health Organization,
cardiovascular diseases are one of the most common caus-
es of death worldwide and accounts for more than 50% of
all deaths annually [1]. Biomarkers of cardiovascular disease
play a vital role in accurate risk stratification. The biomarkers
of cardiovascular disease include lipid panel [2], cardiac tro-
ponin [3], C-reactive protein [4], interleukin 6 [5], natriuretic
peptides [6], homocysteine [7] or creatine kinase [8].

Steroid hormones are relatively easily accessible in bi-
ological materials and serve as a valuable source of infor-
mation on patient’s state of health and can also facilitate
making the correct diagnosis. Of all steroid hormones, aldo-
sterone has the greatest share in the pathogenesis of cardio-
vascular disease. Apart from its role in increasing in blood
pressure (via increased potassium loss and the retention
of sodium and water in the kidneys), its proinflammatory
activity is also conducive to fibrosis of the heart muscle [9].
Endogenous steroids were of interest in clinical and preclin-
ical studies as biological indicators (biomarkers) of various
diseases resulting from steroid disturbances e.g. bladder
and renal cancers [10-11]. Data concerning hypothesis that
hormone-related factors can be associated with stress (e.g.
measuring urinary cortisol, cortisone and corticosterone in
parachutists and depressed patients) were also documented
as well as it was suggested that steroid hormones influence
the growth of neuroendocrine tumors [12-13].

A number of analytical methods can be developed to
determine endogenous steroid hormone in different biolog-
ical fluids, including gas chromatography, liquid chromatog-
raphy and capillary electrophoresis. Liquid chromatography
considered as reversed phase liquid chromatography (RP-
LC) [14], especially in combination with mass spectrometry
is commonly used for biomedical and pharmaceutical pur-
poses. Attempts to find the alternatives are also considered,
like the use of micellar liquid chromatography (MLC) [15].
However, liquid chromatography coupled with mass spec-
trometry (LC-MS) is yet considered to be the most effective
method for biomedical goals with respect to steroid analysis
due to its specificity and versatility [16-17].

The aim of the study was to investigate whether the con-
centrations of selected steroids (corticosterone, cortisol and
cortisone) are related to elevated total cholesterol in people
without diagnosed cardiovascular diseases.

Material and methods

A Chemicals and reagents

Standard substances (with high performance liquid chro-
matography purity) of cortisol, corticosterone and cortisone
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Figure 1. Chemical structures of three glucocorticosteroids consi-

dered in the study: cortisol, corticosterone and cortisone

(Figure 1) were obtained from Sigma (St. Louis, USA). Formic
acid, methanol, acetonitrile and chloroform with HPLC pu-
rity were purchased from Sigma (St. Louis, USA). Ultrapure
water was obtained from the Milli-Q purification system
(Millipore, Bedford, USA).

Standard solutions of all analytical steroid standards: cor-
ticosterone, cortisol, cortisone were prepared in the following
concentrations: 1 mg/mL, 10 ug/mL, 1 pug/mL and 100 ng/
mL. Acetonitrile was used as a solvent to prepare 1 mg/mL
reference solutions. The detection and quantification limits
were determined based on a low concentration liquid chro-
matography coupled with mass spectrometry (LC-MS) anal-
ysis (0.05-10 ng/mL) of standard steroid hormone solutions.
No interference between the steroids, the internal patterns
and endogenous compounds in the matrix was demonstrated.

LC-MS equipment

A reversed phase liquid chromatography system (RP-
LC) from Agilent Technologies, Model 1260 Infinity (Agilent
Technologies, Santa Clara, USA) was used, with the 1260 Bin
Pump G1312B, 1260 Degasser G1322A, 1260 Autosampler
G1329A, 1290 Thermostat G1330B, 1260 VWD G1314F, and
a Poroshell 120 EC-C18 chromatography column (Agilent
Technologies, St. Clara, USA) measuring 3.0 x 100 mm; 2.7 pm.

The assays were performed using combined techniques:
a liquid chromatograph coupled with a mass spectrometer
(Agilent Technologies, Santa Clara, USA), equipped with an
electrospray ion source and a single quadrupole analyzer
(Single Quadrupole 6120 LC-MS, G6120B). Chemstation Rev.
B.04.02 SP1 software was used to collect and process the
chromatographic data. (Agilent Technologies, Santa Clara,
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USA). The mobile phase consisted of 0.1% formic acid in Mil-
lipore grade water (eluent A) and 0.1% formic acid in LC-MS
grade methanol (eluent B).

The analytical method was validated with respect to
linearity, accuracy, precision and specificity. Based on the
obtained results, the standard deviation and the limit of
detection (LOD) and limit of quantitation (LOQ) values were
calculated, which were respectively 0,06 ng/mL and 0,2 ng/
mL. The analytical method used had a linear relationship be-
tween the amount of analyte present in the sample and the
area of the resulting chromatographic peak.

Solid-phase extraction equipment

Plasma samples were prepared based on solid-phase ex-
traction method. For solid-phase extraction we used Supel-
co Discovery DSC-18, 500 mg 6 ml standard polypropylene
(PP) — tubes (Sigma, St. Louis, USA), Supelco Supel — Select
HLB, 500 mg 6 ml standard PP — tubes (Sigma, St. Louis, USA),
LiChrolut RP-18, 500 mg 6 ml standard PP — tubes (Merck,
Darmstadt, Germany) and Sep-Pak C-18, 500 mg 6 ml stan-
dard PP —tubes (Waters, Milford, USA), along with the Vacu-
um Extraction Kit — VacElut SPS 24 Manifold (Agilent Technol-
ogies, Santa Clara, USA). The Vacuum Concentrator was from
CentriVap Aqueous System (Labconco, Kansas City, USA). The
corresponding optimization of sample preparation involved
the choice of the appropriate extraction sorbent.

In the case of the Supelco Supel — Select HLB, LiChrolut
RP-18 and Sep-Pak C-18, the preliminary analysis of certi-
fied blank plasma samples indicated that the matrix was not
cleaned sufficiently well. Additionally, the analysis of plasma
sample spiked with known concentration of analytes con-
firmed that their measured concentration levels were lower
using mentioned the above columns in comparison to the
Supelco Discovery DSC-18. Hence, the latter choice of the ex-
traction sorbent was Supelco Discovery DSC-18 due to higher
back-concentration achieved and closer to the real spiked one.

Sample preparation

The plasma samples were centrifuged (10,000 rpm, 7 min).
Then, 250 pL of each sample was put into the described rotor
tube. Next, 1 ug/mL of betamethasone standard solution
was added as internal standards. The tubes were mixed on
a Vortex laboratory shaker (IKA Werke GmbH & Co.KG, Staufen,
Germany) for 30 seconds, then each of them was measured
with 3 mL of deionized water and remixed on the Vortex shak-
er (30 s). The tubes were transferred to a shaker (amplitude
300, 10 min). At the end of shaking the tubes were centrifuged
(10,000 rpm, 7 min).

Supelco Discovery DSC-18 columns were used for the ex-
traction of plasma samples, which were activated with 2x2
mL methanol and 2x2 mL deionized water, not allowing the
bed to dry. Then the plasma specimens were prepared on the

columns. The samples were purified with 2x2 mL deionized
water. In the next stage, the bed was dried (15 min). After this
time, the analytes were eluted from the bed using 2x1 mL of
methanol. The contents of the eluate tubes were then evapo-
rated to dryness in a vacuum concentrator at 50 °C.

The dry evaporation residue was dissolved in 100 pL
of 80% methanol and mixed on a Vortex laboratory shaker
(30 s), then transferred to Eppendorf tubes and centrifuged
(10,000 rpm, 7 min). The contents of the tubes were then
placed in the inserts and analyzed by LC-MS.

Study population and sample collection

71 plasma samples were collected, including 19 from wom-
en and men with elevated cholesterol (total cholesterol levels
more than 180 milligrams per deciliter, identified on the basis
of the provided biochemical parameters within the diagnostic
analysis) and 52 from healthy volunteers. Women and men with
elevated cholesterol were not yet diagnosed with any cardio-
vascular diseases (e.g. ischemic heart disease, coronary artery
disease, myocardial infarction, hypertension, atrial fibrillation).
All participants were diagnosed at the Department of Hyperten-
sion and Diabetology of the Medical University of Gdarisk.

All statistical analyses were conducted using STATISTICA
10.0 software (TIBCO Software Inc, Palo Alto, USA). The hor-
mone levels were log-transformed prior to statistical analyses.
Using log-transformation we obtained normal distribution of
individual concentration data. The statistical significance of
intergroup differences was verified with the parametric tests
with p < 0.05. The Student’s t-test for independent samples
was used as the inference tests, according to assumptions
of normal distribution — checked with Shapiro-Wilk test and
Kolmogorov-Smirnov test. Homoscedasticity (homogeneity
of variance) was checked with Levene’s test and Brown-For-
sythe test. If the assumption of homogeneity of variance was
not fulfilled, Welch's t-test (unequal variances t-test) was ap-
plied. If the assumption of normal distribution was not ful-
filled, Mann-Whitney U test was applied.

The samples were prepared to determine the calibration
curves, which in turn allowed for the calculation of mean
concentrations of individual steroid hormones and standard
deviations by the least squares method.

The obtained results expressed as mean concentrations
of individual glucocorticosteroids measured in ng/mL are col-
lected in Table 1. As it can be seen, The mean concentration
of cortisol in healthy women was 111.19 ng/mL and it was
highly similar to the mean concentration of that glucocortico-
steroid measured in men (112.22 ng/mL). However, a differ-
ent trend can be observed for the concentrations of cortisol
in the elevated cholesterol group: the mean concentration
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Table 1. Collected data for three tested glucocorticosteroids in healthy volunteers and patients with elevated cholesterol

Healthy volunteers

Glucocorticosteroid

Elevated cholesterol

Healthy volunteers | Elevated cholesterol

(N = 28) (N =9) (N = 23) (N = 10)
) Mean = 111.19 Mean = 74.13 Mean = 112.22 Mean = 138.60
Slrteal ||| SD = 57.42 SD = 42.95 SD = 47.75 SD = 106.26
Mean = 6.50 Mean = 4.48 Mean = 13.30 Mean = 6.72
Corticosterone [ng/mL] SD = 5.07 SD = 3.48 SD = 32.52 SD = 8.42

Mean = 21.2905

Cortisone [ng/mL] SD = 9.1669

Mean = 22.3572
SD = 13.1252

Mean = 21.4927
SD = 9.9549

Mean = 23.1119
SD = 13.5998

of cortisol was much lower among women with elevated
cholesterol than in healthy women (74.13 ng/mLand 111.19
ng/mL respectively). On the contrary, for men with elevated
cholesterol the concentration of cortisol was 38.60 ng/mL.
Hence, it was much higher than in women with elevated cho-
lesterol and higher than in the case of healthy men.

Considering corticosterone, generally lower mean concen-
trations of that glucocorticosteroid were noted in comparison
to the mean concentrations of cortisol (Table 1). The mean con-
centration of corticosterone assessed in healthy women was
6.50 ng/mL and was higher than the mean concentration of
that hormone measured in women with elevated cholesterol
(4.48 ng/mL). Similar trend was observed for the group of men.
Here also the mean concentration of corticosterone was high-
er in healthy volunteers in comparison to men with elevated
cholesterol (13.30 ng/mL vs. 6.72 ng/mL). It is noteworthy that
this difference the concentrations of corticosterone was greater
between the studied groups of men than groups of women.

The most stable concentration results were obtained for
cortisone (Table 1). In all four tested groups of participants,
the mean concentrations of cortisone were in the range
of 21.29-23.11 ng/mL. Specifically, for healthy women the
mean concentration of cortisone was 21.29 ng/mL, and for
women with elevated cholesterol was 22.35 ng/mL. Hence,
only slightly higher mean concentration of cortisone was
found for women with elevated cholesterol. Similar situation
was noted among men: the mean concentration of cortisone
was 21.49 ng/mL for healthy men and 23.11 ng/mL in men
with elevated cholesterol. Once again, as in the case of wom-
en, only a slightly higher mean concentration of cortisone
was found in men with elevated cholesterol.

The most distinctive differences were noted in cortisol
level for tested groups of women. A statistically significant
decrease in the concentration of cortisol in women with el-
evated cholesterol in contrary to healthy women was noted
(p < 0.03; Student’s t-test). It is not a very strong significance,
as confirmed additionally by a box plot (see Figure 2). Nev-
ertheless, it is a trend indicating a potential influence of vari-
able cortisol concentration in both studied groups. Although
the mean concentration of cortisol evaluated in men with
elevated cholesterol is much higher in comparison to the
concentration of cortisol in women with elevated cholester-
ol, there were no statistically significant differences noted
between the healthy men and men with elevated cholester-
ol (p < 0.96; Welch's t-test).

No statistically significant differences in corticosterone
concentrations were found in the two groups of interest.
Hence, no statistically significant differences were noted
between healthy volunteers and women and men with
elevated cholesterol in the case of women (p < 0.26; Stu-
dent’s t-test). Although the absolute difference between
mean concentrations of corticosterone measured for men
is almost twice higher for the group of healthy volunteers
in comparison to women and men with elevated cholester-
ol, again no statistically significant differences are found (p <
0.91; Mann-Whitney U test).

Finally, the results for cortisone are similar for all tested
groups, as confirmed via statistical analysis. No statistically
significant differences for the mean concentrations of corti-
sone can be observed between healthy volunteers and wom-
en and men with elevated cholesterol in the case of women
(p < 0.92; Student’s t-test). Also, no statistically significant
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differences for the mean levels of cortisone were found ana-
lyzing healthy volunteers and women and men with elevated
cholesterol in the case of men (p < 0.96 Student’s t-test).

In our study, we demonstrated that cortisol level is high-
er in healthy female volunteers than in those with elevated
cholesterol. There were no other significant differences in
cortisol levels between men. Corticosterone and cortisone
level was similar in any studied subgroup.

Cortisol, an essential glucocorticoid, is regulated by two
izoenzymes that affect its metabolism. However, individual
daily changes of cortisol level could alter diagnostic studies,
including our findings [18]. It has been demonstrated that
hair or plasma cortisol level correlates with stress, obesity,
depression, cardiac diseases, stroke and diabetes [19-20].
Owing to the importance of glucocorticosteroids on human
health, we showed that the elevated cholesterol level cor-
relates with decreased cortisol level in women. The current
dogma is that when cortisol is released, it elevates the cho-
lesterol level. The described physiological reaction to stress
has short duration, although long-term effects such as dis-
eases are well-known consequences. On the cellular level, only
a few studies directly explain the possible connection between
cholesterolsynthesis, release and its influence on cortisol [21].
Oxysterol-related-bind-

and is therefore unique in its multifunctional role. To date,
this relation remains poorly investigated.

On the other hand, we demonstrated that cholesterol
level is not altered by corticosterone and cortisone levels.
Our findings conflict with studies on the cellular level using
laboratory animals. Corticosterone administration for two
weeks dysregulated cholesterol levels in chickens, in whom
cholesterol was accumulated in muscle cells [23]. The ad-
ministration of cortisone influenced total cholesterol level in
rabbits [24]. More studies on humans are yet to be published.
One study clearly demonstrated that cortisone-to-cortisol
ratio in females did not correlate with type 2 diabetes mel-
litus [26]. On the contrary, in our study corticosterone level
was reduced in both men and women.

On a population level, hypercholesterolemia remains
a clinical challenge. According to large cohort observation-
al studies, an increased cholesterol level (> 190 mg/dl) was
diagnosed in one-half of the screened population [25]. It
seems that public awareness campaigns and further re-
search developing better cholesterol control and finding its
relations with glucocorticosteoids are needed.

We noted statistically significant differences in the case
of tested levels of cortisol between healthy women volun-

ing-protein, a lipid binding

protein, was found to in- 21
fluence both cholesterol
homeostasis and cortisol

synthesis [21]. Interesting- 20
ly, this protein contributed
to the reduction of cellu-

lar level of oxysterols and 1,9

binds 11-deoxycholesterol.
In another study, ATR-101
in adrenocortical cells was

1,8

investigated to control
of cholesterol level [22].

Based on our results, we

1,7
assume that plasma corti-

log (Concentration [ng/mL]) Cortisol

sol level is subject to daily
changes. Furthermore, 1,6

a significantly lowered cor-
tisol level in females while

J— O Mean

the cholesterol was elevat- 1,5
ed, although an interesting
finding, could be in fact ac-

cidental. the adrenal cor-

Healthy volunteers

I Mean +/- 1.96*
Standard error
Elevated cholesterol

tex prevents accumulation
of toxic level of cholesterol
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Figure 2. Box plot showing the statistical significance of the cortisol levels in healthy women vs.

D Mean +/- Standard error
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