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= Hypothesis/aims of study. Polycystic ovary syndrome (PCOS) is a common disease. Depending on the diagnostic
criteria, the disease is seen in 10-20% of women of reproductive age and accounts for 70-80% of all forms of hyper-
androgenic syndrome. PCOS is a heterogeneous condition of multifactorial etiology characterized by various clini-
cal, endocrine and metabolic disorders. Therefore, it is important to clarify the specific features of steroid hormone
biosynthesis and metabolism and steroidogenesis enzyme activity, as well as to search for new laboratory criteria for
early diagnosis and prompt treatment. The aim of this study was to perform metabolic profiling of androgens, pro-
gestins and glucocorticoids using gas chromatography-mass spectrometry (GC-MS) in obese and non-obese women
with PCOS.

Study design, materials and methods. We examined 53 women of reproductive age diagnosed with PCOS. The first
group included 30 women aged 22 to 29 years with normal body weight. The second group comprised 23 obese
patients aged 25 to 33 years with an average body mass index (BMI) of 35.3 + 0.4 kg/m?. The control group consisted of
25 healthy women aged 26 + 0.6 years having a normal BMI without clinical and biochemical signs of hyperandrogenism.
Immunoassay methods were used to determine the serum levels of luteinizing hormone, follicle-stimulating hormone,
free testosterone, 17-hydroxyprogesterone, and sex hormone-binding globulin. A glucose tolerance test was performed
to determine glucose and insulin levels before and after load. Urine steroid profiles were studied by GC-MS with
the optimization of the sample preparation schedule. Statistical data processing was performed using the STATISTICA
for WINDOWS software system (version 10). The main quantitative characteristics of the patients are presented as
the median (Me), the 25% percentile and the 75% percentile (Q,5~Q,s). To compare the results obtained in the study
groups, the nonparametric Mann-Whitney test was used. The 95% confidence interval was considered statistically
significant.

Results. The article presents a metabolomics analysis of androgens, glucocorticoid hormones and progestins in women
with PCOS compared to the control group. It was revealed that non-obese patients with PCOS had increased urinary
excretion of androstenedione metabolites, dehydroepiandrosterone and its metabolites, 17-hydroxypregnanolone,
pregnantriol, and 5-ene-pregnenes, while obese patients with PCOS had increased that of androsterone and
dehydroepiandrosterone metabolites (16-oxo-androstenediol and androstenediol-17f) compared to the control group
findings. Decreased ratios of cortisol and cortisone tetrahydro metabolite amount to the levels of 11-oxo-pregnanetriol,
pregnanetriol and 17-hydroxypregnenolone, when compared to the control group, was obtained in non-obese patients
with PCOS, which indicates 21-hydroxylase deficiency. In obese patients with PCOS, four signs of increased 5a-reductase
activity were obtained, and in PCOS patients with a normal BMI, three signs were obtained, which indicates varying
5a-reductase activity in PCOS patients depending on the BML

Conclusion. Quantitative evaluation of androgen and progestin metabolites, as well as 5a- and 5p-metabolites of
androstenedione and glucocorticoids in the study of urine steroid profiles by GC-MS method opens new opportunities
for PCOS diagnostics.

= Keywords: gas chromatography-mass spectrometry; metabolomics; steroid hormones; polycystic ovary syndrome;
hyperandrogenism; obesity.
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= Axmyanvrocmv. CUHIPOM HOMUKVICTO3HBIX ANYHUKOB SIB/ISIETCS PaCIpOCTPaHEHHBIM 3abomeBaHMeM. B 3aBucrmo-
CTH OT AMArHOCTUYECKUX KpUTepueB 3abomeBanme HabmofaeTcs y 10-20 % >XeHIIMH perpofyKTHBHOTO BO3PACTa I CO-
craBsger 70-80 % Bcex popM cuHApoOMa runepaHfaporenny. CHHAPOM HOMUKUCTO3HBIX ANYHUKOB — TeTepOreHHOE
3aboieBaHNe ¢ MHOTO(AKTOPHOI STUOIOTMEl, XapaKTepyU3yIolleecs: pasIMYHbIMU KINHUYECKVIMHU, SHIOKPUHHBIMU
U MeTaboMMYeCKMY HapYIIeHVAMMA. B CBA3Y ¢ 9TUM aKTya/IbHBI yTOYHEHNe 0COOEHHOCTel 610oCcHHTe3a 1 MeTabomusMa
CTEPOVIHBIX TOPMOHOB, aKTUBHOCT (PepPMEHTOB CTEPOUOTeHe3a, IOMCK HOBBIX JIAOOPATOPHBIX KPUTEPUEB /LA paHHe
IVMAarHOCTUKMU U CBOEBPEMEHHOTO HaJasa JieueHN.

Ilenv — M3yYUTH MeTabONOMMKY aHIPOTEHOB, IIPOTECTUHOB U ITTIOKOKOPTMKOU/IOB IO JAHHBIM Ta30BOIl XpOMaTo-
Macc-CHEKTPOMETPUM Y SKEHIMH C CUHAPOMOM IOMMKICTO3HBIX AMYHUKOB C HOPMA/IbHOM Maccoil Te/la ¥ OXXMPEHMEM.

Mamepuanvt u memoovt uccrnedosanus. O6CnenoBaHO 53 XKEHIINHBI PEIPOYKTUBHOTO BO3PACTa C ANATrHO30M «CHH-
IpOM IONMKMUCTO3HBIX AMYHUKOBY. B NepByo rpymy BKa04YeHbl 30 )XeHIIVH B BO3pacTe OT 22 10 29 71eT ¢ HOpMa/IbHOM
Maccoii Tena. Bropyro rpynny coctaBunmm 23 MauMeHTK C OKMPEHNEM B BO3pacTe OT 25 10 33 JIeT CO CPeIHMM MHEKCOM
Macchl Tena 35,3 + 0,4 kr/m?%. B rpynmy KoHTposst Bowiu 25 350pOBBIX SKEHIMH B Bo3pacTe 26 + 0,6 rofa ¢ HOpMa/IbHbIM
MHJEKCOM MacChl Tena 6e3 KIMHNYIeCKUX 1 OMOXMMUIECKNX TIPM3HAKOB IUIepaHporeHnn. MeTogaMy MMMYHOAHATIN-
3a B CBIBOPOTKE KPOBY OIPEE/NANN YPOBHU MIOTEMHUSUPYIOIETO TOPMOHA, (OINKYIOCTUMYTNPYIOIET0 TOPMOHa,
CBOOOJHOTO TECTOCTEPOHA, 17-TMAPOKCUIIPOrecTepOHa ¥ ITI0OY/IMHA, CBA3BIBAIOIIErO I10/I0Bble TOPMOHBL. IIpoBoxguIn
npo6y Ha TONEPaHTHOCTD K ITIIOKO3€ C ONpeieNleHNeM YPOBHelT TIII0KO3bI M MHCYIMHA [0 U II0C/Ie HaTpy3Ku ¢ 75 T TIIio-
KO03bI. MeTof10M ra30B0J XpOMaTO-Macc-CHeKTPOMETPUY C ONITYMM3AIMEN perylaMeHTa IIPOOOIIOTOTOBKY VICCIIeT0BAIN
cTepoypHble npodum Mouy. CTaTUCTUYECKYI0 00pabOTKy HaHHBIX OCYILECTB/IAIN C UCIIONb30BaHMeM IIPOrpaMMHON
cuctembl STATISTICA for WINDOWS (Bepcus 10). OcHOBHBIE KOMMYeCTBEHHbIE XapaKTePUCTUKY OOTIbHBIX IIPEeACTaB-
JNeHbl B Buje MefuaHbl (Me), 25-ro mepreHTIIA u 75-ro nepueHTUs (Q,s—Q,5). I cpaBHEHNUs pe3y/IbTaToB, IOTyYeH-
HBIX B CC/IE[[yeMbIX IPYTINIaX, IPUMEHAIN HellapaMeTpudeckuil Kputepuit Manna — YutHu. CTaTUCTUYECKY 3HAUYMMBIM
cyuTany Kpurepuii goctopepHoctu p < 0,05.

Pesynvmamut uccnedosanus. B cratbe nmpuBeeH aHaIU3 MeTab0IOMUKY aHAPOTEHOB, IIIOKOKOPTUKOMIHBIX TOPMO-
HOB 1 ITPOTECTVHOB y JKEHIIVMH C CMHAPOMOM IOTMKICTO3HBIX ANYHMKOB B CPABHEHMM C COOTBETCTBYIOIMMM II0Ka3a-
TE/IMI Y JKEHIVH KOHTPO/IbHOI TPYINEL. Y GONBHBIX CMHAPOMOM IMONTMKUCTO3HBIX SIMYHUKOB 6€3 OXXMPEHNs BBISAB-
JIEHO YBe/IMYeHe 9KCKPELM C MOYOI MeTaOONMUTOB aHAPOCTEHMOHA, IETMAPO3NINAHAPOCTEPOHA I €0 MeTabONMUTOB,
17-TUPOKCUIIPETHEHOIOHA U TPETHAHTPUOIA, 5-€H-TIPETHEHOB, a Y )KEHIIVH C CMHIPOMOM MONMMKVCTO3HBIX AMYHUKOB
" OXXVpeHyeM ObITa OBBIIIeHa SKCKPEeIVA C MOYOl aHAPOCTEepOHa U MeTabONTOB AeTUAPO3NMaHpocTepoHa (16-0xo0-
aHAPOCTEH/MOMA ¥ aHAPOCTeHAIMOMa-173) 0 CpaBHEHUIO C ITOKa3aTe/AMNU B TPyIIIe KOHTPosA. CHYDKeHNe COOTHOIIEeHMIT
CYMMBI TeTParuApONpOM3BOAHBIX KOPTU30/a M KOPTU30HA K 11-0X0O-IIperHaHTPUONY, IPETHAHTPUONY U 17-TUIPOKCHU-
IPErHEHONIOHY B CPaBHEHNU € TPYIIIO KOHTPOJIA OOHAPYKEHO Y MAlMeHTOK C CHH/IPOMOM HOMMKVCTO3HBIX AMYHUKOB
6e3 OKMpPEeH, UTO AB/IAETCA MPUSHAKaMV HeTOCTaTOYHOCTU (pepMeHTa 21-TupOoKCHIashl. Y SKeHIIMH C CMHPOMOM II0-
JIMKUCTO3HBIX AMYHIKOB U O)KMPEHMEM OTMedeHbI YeThIpe MPU3HAKA YBeINYeHN aKTUBHOCTU (epMEHTa 50-peIyKTasbl,
a y 6GOJIbHBIX CHHAPOMOM IOJMVKMCTO3HBIX AMYHMKOB C HOPMAa/JbHBIM MHIEKCOM MAacChl Tela — TPM IPU3HAKA, YTO
yKasbIBaeT Ha PasMIHYIO CTEIIeHb aKTMBHOCTHU 50-PeIyKTa3bl y 60IbHBIX CHH/POMOM IOVMKUCTO3HBIX IMYHUKOB B 3a-
BUCYMOCTH OT MH/IEKCAa MacChl Tera.
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3axniouenue. OfHOBpeMEHHOE KOMMYECTBEHHOE OIpefie/ieHIie MeTabo/INTOB aHAPOTeHOB, IIPOTeCTIHOB, 5a- 11 53-MeTa-
60MTOB aHAPOCTEH/VIOHA U ITIIOKOKOPTUKONOB [IPY MCCIEXOBAHNI CTEPOUFHBIX IPOQuIeil MOYN METOHXOM Fa30BOIl
XpOMaTO-MacC-CIIeKTPOMETPUN OTKPBIBAeT HOBbIE BO3SMOXXHOCTM /I AVMATHOCTMKM CHHAPOMA HMOMMKMCTO3HBIX SAMY-

HIIKOB.

= KnroueBble cToBa: ra3oBasi XpOMaTo-Macc-CIIEKTPOMETPYsI; METaOOTOMIKA; CTEPOU/[HbIE TOPMOHBI; CHHAPOM IIONIN-
KMCTO3HBIX AMYHNMKOB; CUHPOM IUIIePAHIPOTeHNY; OXKIPEHNeE.

Background

The diagnosis and treatment of polycystic
ovary syndrome (PCOS) are relevant to gyneco-
logical endocrinology. PCOS is seen in 10%-20%
of women of reproductive age and accounts for
70%-80% of all forms of hyperandrogenic syn-
drome depending on the diagnostic criteria [1, 2].
Women with PCOS account for approximately
half of all patients with endocrine infertility [3].
The mean age of menarche in PCOS does not
differ from that of the population (12-13 years).
The disease predominantly begins at an early re-
productive age. Menstrual disorders occur during
menarche and are manifested by opsomenorrhea,
primary (rare) or secondary amenorrhea, and
dysfunctional uterine bleeding in 50% of women
[4, 5]. Some patients with PCOS have an ovula-
tory menstrual cycle, and pregnancy is possible.
Infertility is observed in 70%-75% of women.
Studies by R. Hartet et al. showed that PCOS pa-
tients had a 10-fold increased risk of infertility in
2015 as compared with that of the general popula-
tion [6]. Type 2 diabetes mellitus, cardiovascular
disorders, and endometrial hyperplasia are com-
monly found in women with PCOS in the late re-
productive period [7, 8]. The risk of endometrial
cancer is found to be threefold higher in patients
with chronic anovulation and PCOS, on average,
as compared with healthy women [9]. PCOS is
a multifactorial disease, which depends on various
endogenous and exogenous factors [10]. The se-
verity of hormonal and metabolic disorders and
the clinical pattern of the disease depend on the
PCOS phenotype.

The criteria used for diagnosing PCOS are
the US National Institutes of Health criteria re-
vised in 2012, the European Society for Human
Reproduction and Embryology (ESHRE) and
the American Society for Reproductive Medicine
(ASRM) criteria adopted in Rotterdam in 2003,
and the Androgen Excess and PCOS Society
(AE-PCOS Society) criteria of 2006. PCOS is

diagnosed when two of the following three signs
are present: oligo-ovulation or anovulation,
clinical or biochemical hyperandrogenism or
a combination of both, and ultrasound signs of
polycystic ovarian morphology. Four main phe-
notypes of PCOS have been identified as per the
2007 International Symposium of the ESHRE
and ASRM because of the heterogeneity of the
clinical pattern. The phenotypes are as follows:
a classic (A) phenotype (hyperandrogenism, an-
ovulation, and polycystic ovaries), an anovu-
latory (B) phenotype (hyperandrogenism and
anovulation), an ovulatory (C) phenotype (hyper-
androgenism and polycystic ovaries), and a non-
androgenic (D) phenotype (polycystic ovaries and
anovulation) [11-13]. According to the studies
on the prevalence of PCOS phenotypes in wo-
men of reproductive age, (A) phenotype occurs
in 44%-65%, (B) phenotype in 8%-33%, (C) phe-
notype in 3%-29%, and (D) phenotype in 23% of
women [14, 15]. (A) and (B) phenotypes are as-
sociated with menstrual disorders, insulin resis-
tance, obesity, dyslipidemia, and an increased risk
of metabolic syndrome. E.M. Neves reported in
his study that metabolic syndrome was found in
71% of women with (A) phenotype and in 67.4%
of women with (B) phenotype [16].

Obesity plays an important role in the PCOS
pathogenesis. Overweight and obesity occur in
22%-65% of women and are major risk factors
for metabolic disorders, impaired glucose tole-
rance (IGT), type 2 diabetes mellitus, and dysli-
pidemia [17, 18]. Some authors reported that IGT
occurs in 30%-40%, and type 2 diabetes mel-
litus occurs in 10% of women with PCOS [19].
Adipose tissue is the most important endocrine
organ, which produces steroid hormones and va-
rious biologically active substances. The following
enzymes are found in adipose tissue: aromatase
with its function of converting androgens to es-
trogens and 5alpha-reductase, which converts
testosterone to the more active androgen, such
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as dihydrotestosterone. Adipose tissue also pro-
duces several hydroxysteroid dehydrogenases,
such as the I1lbeta-hydroxysteroid dehydroge-
nase (11beta-HSDH) type 1 enzyme, which cata-
lyzes the conversion of the functionally inactive
cortisone to cortisol, that is, the most active glu-
cocorticoid hormone, and the enzyme 17beta-
hydroxysteroid dehydrogenase, which converts
androstenedione to testosterone and estrone to
estradiol. The estrone/estradiol ratio changes
in favor of estrone in obesity, resulting in posi-
tive feedback mechanism failure necessary for
ovulation. The stimulating effect of luteinizing
hormone (LH) on the ovaries leads to theca and
stromal cell hyperplasia and increased androgen
synthesis. Relatively low levels of follicle-stimu-
lating hormone (FSH) contribute to a decrease in
ovarian aromatase, while granulosa cells lose the
ability to aromatize androgens to estrogens, pri-
marily testosterone to estradiol. This results in an
accumulation of testosterone and a deficiency of
estradiol, with its peak secretion being necessary
for the ovulatory LH release and normal ovula-
tion [20].

The lack of peak cyclical estradiol secretion
leads to anovulation. The association between
obesity and hyperandrogenism is mediated by in-
sulin resistance and hyperinsulinemia. C. Achard
and J. Thiers first described the association be-
tween impaired carbohydrate metabolism and hy-
perandrogenism in 1921, and the term “diabetes
of bearded women” appeared. G.A. Burgen et al.
found that women with PCOS had both basal and
glucose-stimulated hyperinsulinemia, which sug-
gested insulin resistance [21, 22]. The effect of
insulin on ovarian steroidogenesis is realized both
through its own receptors and indirectly through
insulin-like growth factor-1 receptors. Insulin can
stimulate ovarian LH-dependent and adrenal ad-
renocorticotropic hormone (ACTH)-dependent
cytochrome p450cl7alpha activity [23]. Insulin
can also inhibit the production of sex hormone-
binding globulin (SHBG), which leads to higher
blood levels of free androgens. Insulin resistance
in PCOS occurs in 40%-70% of patients, as per
several studies, in both obese and normal-weight
women [24].

Traditional tests are not sufficient for the di-
agnosis of various forms of hyperandrogenic
syndrome, and new highly specific and high-

ly sensitive current diagnostic techniques are
needed. This is particularly important for the
differential diagnosis between PCOS and nonclas-
sical forms of congenital adrenal cortical dysfunc-
tion. Chromatographic methods have been used
to study the metabolic profiling of steroid hor-
mones. Sporadic data on urinary steroid profiles
(USP) using gas chromatography-mass spectro-
metry (GC-MS) in PCOS and obese patients were
obtained. They included increased urinary excre-
tion of pregnenes, dehydroepiandrosterone and
androstenedione metabolites, 5alpha-metabolites
and Sbeta-metabolites of glucocorticoids, and de-
creased activity of type 1 1lbeta-hydroxysteroid
dehydrogenase enzyme, which led to an accumu-
lation of inactive glucocorticoids [25, 26]. Yuying
Deng and Yifei Zhang examined 1,044 women
with PCOS; of these, 350 women were with nor-
mal weight, 312 with excessive weight, and 382
with obesity [27]. A comparative analysis re-
vealed that normal-weight women showed signs
of 21-hydroxylase enzyme deficiency in contrast
to overweight and obese women that confirmed
steroidogenic disorders of both ovarian and
adrenal geneses in patients in different groups.
Recent studies have presented diagnostic signs
of a 21-hydroxylase defect, such as increased uri-
nary excretion of 17-OH-pregnenolone (17P)
and its metabolite, pregnanetriol (P3), and in-
creased metabolites of 21-deoxycortisol, that is,
tetrahydro21-deoxycortisol (21-deoxy-THF) and
11-oxo-pregnanetriol (11-oxo-P3) in women with
PCOS and obesity [28].

Study design, materials and methods

A total of 53 women of reproductive age di-
agnosed with PCOS were examined. The first
group included 30 women aged 22 to 29 years
(mean age, 25+ 0.4 years) with normal body
weight (NBW) and body mass index (BMI) of
22.5+ 0.7 kg/m% The second group comprised
23 obese patients aged 25 to 33 years (mean
age, 28 + 0.9 years) with BMI of 32.7 kg/m? to
38.4 kg/m* (average BMI, 353 +0.4 kg/m?).
The control group (CG) consisted of 25 healthy
women aged 23 to 30 years (mean age,
26 + 0.6 kg/m?) with BMI of 21 kg/m? to 24 kg/m?
(average BMI, 22+ 0.8 kg/m?) without clini-
cal and biochemical signs of hyperandrogenism.
PCOS was diagnosed when two of the following
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three signs were present: oligo-ovulation or an-
ovulation, clinical or biochemical hyperandrogen-
ism, and ultrasound signs of polycystic ovarian
morphology. Immunoassay methods were used to
determine the serum levels of LH, FSH, free tes-
tosterone, 17-hydroxyprogesterone (17-OHP), and
SHBG. Fasting glucose and insulin (INS) levels
in serum were determined by glucose tolerance
test (GTT) that was performed 2 hours after 75 g
glucose ingestion. USP were studied by GC-MS
with the optimization of the sample preparation
schedule. Liquid extraction was chosen; optimum
amounts of derivatizing agents (methoxyamine
and trimethylsilylimidazole) were determined;
and chromatographic analysis conditions were se-
lected [41]. A total of 69 steroids were identified.
USP were obtained using SHIMADZU GCMS-
QP2020 gas chromatography-mass spectrometer.
Statistical data processing was performed using
the STATISTICA for WINDOWS software system
(version 10). The main quantitative characteristics
of the patients are presented as the median (Me)
and the 25" percentile and the 75" percentile
(Q,5-Q,5). The nonparametric Mann-Whitney

Table 1/ Tabnauya 1

test was used to compare the results obtained in
the study groups. The criterion (p) <0.05 was
considered statistically significant.

Results

The levels of LH, 17-OHP, and free testoster-
one (FT) were increased, the serum SHBG le-
vels were decreased, and the LH/FSH ratio was
increased in all the examined PCOS patients as
compared with the CG. FT levels were found to
be higher and 17-OHP and SHBG levels were
lower in PCOS and obese patients as compared
with patients with NBW. Serum LH and FSH le-
vels and LH/FSH ratio did not differ between the
NBW and obese groups (p > 0.05). Increased fas-
ting and posttest glucose tolerance INS levels were
found in PCOS and obese patients as compared
with those in the CG and PCOS patients with
NBW (Table 1). Negative correlations of SHBG
with INS-1 and INS-2 levels were obtained.

GC-MS data from PCOS patients with NBW
revealed increased urinary excretion of de-
hydroepiandrosterone (DHEA), DHEA-17beta-
metabolites (dA2-17beta), 16beta-OH-DHEA,

Serum hormone levels in normal-weight and obese patients with polycystic ovary syndrome (data obtained using immunoassay)
CopeprKaHne ropMOHOB B CbIBOPOTKE KPOBM Y 60/IbHbIX CUHAPOMOM MOIMKUCTO3HBIX AUYHMKOB C HOPMaJIbHbIM BECOM

M O}KMpPEHUEM MO AaHHbIM METOA0B MMMYHOAHa1M3a

Me (Q,s-Q;:)

Indicators PCOS patients PCOS patients
el i, with BMI <25 kg/m?, with BMI >30 kg/m?,
n=25
n=30 n=23
Luteinizing hormone, 1U/L 5.6 (4.8-7.3) 9.0(5.2-12.7) 9.7 (6.1-17.5)
p = 0.004 p =0.009
Follicle-stimulating hormone, 1U/L 5.8 (3.6-6.4) 6.1(4.6-7.1) 5.8 (5.4-7.0)
Luteinizing hormone/follicle-stimulating 1.1(0.9-1.3) 1.4 (1.1-2.3) 1.7 (1.0-2.9)
hormone ratio p=0.02 p=0.04
17-Hydroxyprogesterone, ng/mL 0.7 (0.4-0.8) 2.2(1.9-3.3) 1.2 (0.8-1.4)
p <0.0001 p = 0.003
Free testosterone, pg/mL 1.0 (0.7-2.0) 4.3 (2.8-8.0) 7.2 (2.6-14.8)
p < 0.0001 p < 0.0001
Fasting insulin, pU/mL 5.5 (4.0-7.5) 5.1(4.8-7.1) 15.5 (14.9-25)
p = 0.0005
Insulin after GTT, uU/mL 13.5 (9.9-15.0) 22.6(17.6-32.5) 75.2 (72.3-146)
p < 0.0001
Sex hormone-binding globulin, nmol/L 66 (50-86) 40 (31-64) 19 (14-23)
p =0.003 p <0.0001

Note: p, significance of differences in PCOS patients compared with the CG; BMI, body mass index; GTT, glucose

tolerance test.
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Urinary excretion of androgens in normal weight and obese patients with polycystic ovary syndrome
(data obtained using gas chromatography-mass spectrometry). PCOS, polycystic ovary syndrome; BMI, body mass
index; An, androsterone; Et, etiocholanolone; DHEA, dehydroepiandrosterone; dA2, androstenediol; dA3, andro-

stenetriol

Puc. 1. DKCKpelMs ¢ MOYOIi aHAPOTEHOB Y NALIMEHTOB C CMHAPOMOM IIOIMKMUCTO3HBIX AMYHUKOB C HOPMA/IbHbIM BECOM
U OXMPEHNMEM IO JAaHHBIM Ta3oBoil XxpoMaTo-Macc-crekrpomerpun: CIIKA — cuHAPOM NMOMMKMUCTOSHBIX AMYHUKOB;
VIMT — wmHpexc maccel Tena; An — aHpgpoctepoH; Et — atuoxonanonon; DHEA — merupposmnuanapoctepon; dA2 —

aHgpocTeHanon; dA3 — aHIPOCTEHTPUOI
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MKr/24 4 p =0.009
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500 p=0.0001
400 p =0.002
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p 0.02
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[ Healthy patients / 3a0poBbie anua
[ PCOS with BMI < 25 kg/m? / CNKA ¢ UMT <25 Kr/m?
[ PCOS with BMI > 30 kg/ m? / CNKA ¢ UMT >30 Kkr/m?

M Urinary excretion of glucocorticoid tetrahydro
metabolites in normal weight and obese patients with
polycystic ovary syndrome (data obtained using gas
chromatography-mass spectrometry). PCOS, polycystic
ovary syndrome; BMI, body mass index; THS, tetrahydro-
11-deoxycortisol; THE, tetrahydrocortisone; THB, tetra-
hydrocorticosterone

Puc. 2. DKCKpeLusi C MOYOI TETParnapoMeTabonnTOB
IIIOKOKOPTUKOMTOB Y MAllEHTOB C CUH/IPOMOM IONMKM-
CTO3HBIX AUYHUKOB C HOPMa/lIbHBIM BECOM ¥ OXKMpEHU-
€M II0 JaHHBIM Ta30BOIl XPOMAaTO-MacC-CIeKTPOMeTPUN:
CIIKA — cuHApoM HMOMMKUCTO3HBIX AMYHMKOB; VIMT —
MHAeKC Maccel Tenma; THS — Tterparuppo-11-me3okcu-
kopTtuson; THE — terparuppoxopruson; THB — tetpa-
ITUAPOKOPTUKOCTEPOH

androstentriol (dA3), and androstenedione me-
tabolites, such as androsterone (An), ethiochola-
nolone (Et), and 11-OH-An as compared with
those in the CG (Fig. 1). Urinary excretion of An,
dA2-17beta, and 16-oxo-dA2 was increased in
PCOS and obese patients as compared with the CG.

Urinary excretion of tetrahydrocortisone (THE)
was increased in all PCOS patients (Fig. 2)
while the tetrahydrocortisol (THF)/THE ratio
was reduced (Table 2). The ratio (THF+5alpha-
THF+alpha-cortol+beta-cortol)/(THE+5alpha-
THE+alpha-cortolon+beta-cortolon) was reduced
only in PCOS and obese patients (see Table 2).
These findings indicate a decrease in 11beta-hy-
droxysteroid dehydrogenase type 1 activity, which
leads to increased urinary excretion of inactive
glucocorticoids.

Urinary excretion of 17-OH progesterone
metabolites, such as 17P, P3, 11-oxo-P3, 5-ene-
pregnenes (dP2, 16-OH-dP2, and dP3) was in-
creased in PCOS and NBW patients compared
to those in the CG (Fig. 3). The signs of de-
creased 21-hydroxylase activity were found,
that is, decreased ratios of (THF+5alpha-THF+
THE)/P3, (THF+5alpha-THF+THE)/11-0x0-P3,
and (THF+5alpha-THF+THE)/17P compared
with the GC. Urinary excretion of 11-oxo-P3
was found to be higher and ratios of (THF+allo-

Journal of Obstetrics and Women'’s Diseases
HypHas aKkyLepcTsa U eHckux bonesHen

2020 1o

Volume

ISSN 1684-0461 (Print)
ISSN 1683-9366 (Online)

Issue
69 Bbinyck 5



ORIGINAL RESEARCHES / OPUTVIHAJIbHBIE ICCJIE[JOBAHNA 33 I

Table 2 / Tabauya 2

Impaired steroid metabolism in normal-weight and obese patients with polycystic ovary syndrome
(data obtained using gas chromatography-mass spectrometry)

HapyweHua metabonnsma cteponaos y naLMeHToB C CUHAPOMOM MOANKUCTO3HbIX ANYHUMKOB C HOPMa/ZibHbIM BECOM
M OXMpPEHUEM NO AaHHbIM ra30BOi XPOMaTO-Macc-CNEeKTPoMeTpUn

Me (025_075)

Product/substrate ratios ] growp, T ‘Z?téeu?,;?mz T tae,t(i)el?éjmz,
n=30 n=23
Signs of 21-hydroxylase activity
(THE+THF+allo-THF)/P3 5.3(3.6-7.4) 2.3 (1.3-2.9)*** 4.7 (3.5-7.4)
(THE+THF+allo-THF)/11-ox0-P3 162 (129-203) 79 (39-204)* 306 (159-1190)
(THE+THF+allo-THF)/17P 29.6 (12.4-59.1) 10.9 (6.4-14.9)* 18.5 (14.7-37.5)
Signs of 3beta-hydroxysteroid dehydrogenase activity
(THE+THF+allo-THF)/DHEA 17.7 (14.5-34.8) 4.9 (2.9-17.0)** 12.4 (5.6-27.9)
(THE+THF+5alpha-THF)/dP3 10.9 (8.5-13.1) 6.7 (5.1-8.8)* 11.8 (7.7-16.6)
Signs of 11beta-hydroxysteroid dehydrogenase activity
(5beta-THF+5alpha-THF+cortols)/ 0.51 (0.47-0.60) 0.47 (0.32-0.56) 0.44 (0.30-0.56)*
(5beta-THE+5alpha-THE+cortolones)
Sbeta-THF/5beta-THE 0.36 (0.34-0.45) 0.28 (0.23-0.35)**  0.29 (0.22-0.35)*
Signs of 5alpha-reductase activity
An/Et 1.1(0.7-1.3) 1.0(0.7-1.3) 1.5 (1.4-2.4)**
11-OH-An/11-OH-Et 1.4 (1.2-1.5) 2.1(1.3-3.3)* 4.5 (1.6-6.7)**
5alpha-THF/5beta-THF 0.7 (0.5-1.0) 1.1 (0.9-1.6)** 1.3 (1.1-1.6)**
5alpha-THB/5beta-THB 1.0 (0.7-1.5) 2.2 (1.6-3.3)** 1.8 (1.5-2.7)*

Note: *p <0.05 **p <0.01, **p < 0.0001, significance of differences compared with the CG; THE, tetrahydrocortisone;
THE, tetrahydrocortisol; THB, tetrahydrocorticosterone; P3, pregnanetriol; 17P, 17-hydroxypregnanolone; DHEA,
dehydroepiandrosterone; dP3, pregnentriol; dP2, pregnendiol; An, androsterone; Et, ethiocholanolone; PCOS, polycystic
ovary syndrome; BMI, body mass index.

mkg/24 h
MKr/24 4 p < 0.0001 0.045
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p=0.02 B
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1000 p=0.003 p=0.002 40 p=0.002
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11-oxo-nperHaHTpuon
[ Healthy patients / 3goposble auua P P

[ PCOS with BMI < 25 kg/ m? / CNKA ¢ UMT <25 Kr/m?2
I PCOS with BMI > 30 kg /m?2 / CNKA ¢ UMT >30 kr/m?

IEEM Urinary excretion of 17-hydroxyprogesterone metabolites and 5-ene-pregnenes in normal weight and obese pa-
tients with polycystic ovary syndrome (data obtained using gas chromatography-mass spectrometry). PCOS, polycystic
ovary syndrome; BMI, body mass index; 17P, 17-hydroxypregnenolone; P3, pregnanetriol; P2, pregnanediol;
dP2, pregnenediol; dP3, pregnenetriol

Puc. 3. OKcKpeuys ¢ MOYOIt MeTaboMUTOB 17-TUAPOKCUIIPOreCTEPOHA I 5-ene-IPperHeHoB Y MalMeHTOB C CUHPOMOM
MONMKVCTO3HBIX AMYHUKOB C HOPMa/IbHBIM BECOM ¥ OKMPEHMEM II0 JaHHBIM Ta30BOJ XPOMaTO-MacC-CIeKTPOMETPUM:
CIIKA — cunpgpoM monuMKMUCTO3HBIX AMYHMKOB; VIMT — mupexc maccel Tena; 17P — 17-ruppokcumnperuanonon; P3 —
nperHanTpuorn; P2 — npernauguon; dP2 — npernenanon; dP3 — mperHenTpuon
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THF+THE)/11-0x0-P3 and (THF+allo-THF+
THE)/P3 were lower in PCOS and NBW pa-
tients compared to those in PCOS and obese
patients (see Table 2). Reduced ratios of (THF+
5alpha-THF+THE)/DHEA and (THF+5alpha-
THF+THE)/dP3 may indicate a decrease in 3beta-
hydroxysteroid dehydrogenase activity. In PCOS
and obese patients, these values did not differ
from those in the CG (see Table 2).

All PCOS patients showed increased ratios
of 11-OH-An/11-OH-Et, 5alpha-THF/5beta-THE
and 5alpha-THF/5beta-THF compared to those
in CG, which indicates increased 5alpha-reduc-
tase activity. The An/Et ratio was increased only
in PCOS and obese patients as compared with
CG patients and PCOS and normal weight pa-
tients, which indicates greater 5alpha-reductase
activity in PCOS and obese patients (see Table 2).
In PCOS and obese patients, mild-to-moderate
hirsutism was observed in 12 women (52.2%), and
mild-to-moderate acne was observed in 5 women
(21.7%). In PCOS and normal weight patients,
mild hirsutism was found in 9 women (30%),
and mild acne was reported in 8 women (26.7%).
Patients with PCOS and obesity showed more sig-
nificant signs of androgenic dermopathy, which
confirms the higher 5alpha-reductase enzyme
activity in this group of patients.

Discussion

PCOS is a heterogeneous disease with a mul-
tifactorial etiology characterized by various clini-
cal, endocrine, and metabolic disorders. It is
a leading cause of hyperandrogenism in women
and a frequent cause of menstrual disorders, chro-
nic anovulation, and infertility [29]. Although
the ovaries are the main source of androgens in
PCOS, the levels of adrenal androgens, such as
dehydroepiandrosterone and dehydroepiandros-
terone sulphate, are increased in 20%-30% of pa-
tients [30]. More than half of PCOS patients have
increased 17-OHP levels, which are a marker of
impaired adrenal steroidogenesis in congeni-
tal adrenal cortical dysfunction. A large number
of women with PCOS have been found to have
a mixed pattern of androgen overproduction.
The GC-MS results allow the metabolic profiling
of steroid hormones to be studied and differences
in their metabolism in different PCOS forms to be
identified.

When the results were analyzed, it was found
that urinary excretion of androstenedione metabo-
lites, DHEA, 17-OHP, and 5-ene pregnenes were
increased, and signs of 21-hydroxylase deficiency
were revealed in PCOS and NBW patients. Urinary
excretion of DHEA metabolites and one An me-
tabolite was increased in PCOS and obese patients.

One of the most important steroidogenic en-
zymes is 3beta-hydroxysteroid dehydrogenase,
which is essential for the conversion of A5-stero-
ids (pregnenolone, 17-hydroxypregnenolone, and
dehydroepiandrosterone) to their corresponding
A4-steroids (progesterone, 17-hydroxyprogeste-
rone, and androstenedione). GC-MS data in
PCOS and NBW patients in this study showed
increased urinary excretion of dehydroepiandro-
sterone and pregnentriol and decreased ratios of
tetrahydroderivatives of cortisol and cortisone to
these steroids compared with those in the CG,
which indicates 3beta-hydroxysteroid dehydroge-
nase deficiency. The study findings were consis-
tent with those of several authors [31].

Androgen excess may result in varying degrees
of clinical manifestations in women, such as acne,
hirsutism, and alopecia. The 5alpha-reductase en-
zyme, which converts testosterone in the dermis
and other androgen-dependent tissues into dihy-
drotestosterone, that is, the most active androgen,
is responsible for the manifestations of androgenic
dermopathy. There are two isoforms of 5alpha-
reductase: type 1 and type 2 5alpha-reductase
(SRD5A1, SRD5A2). Type 1 5alpha-reductase is
expressed in the scalp, liver, ovaries, uterus, kid-
ney, and brain, whereas type 2 5alpha-reductase
is expressed in the liver and to a lesser extent in
the scalp and skin [32]. Severe signs of hyper-
androgenic dermopathy are observed in women
with high 5alpha-reductase type 1 activity with
no other manifestations of hyperandrogenism.
The study results of an examination of girls from
1 to 3 years of age in the CG compared with those
born to PCOS mothers showed that the latter
had an increased 5alpha-reductase activity. These
findings confirm a genetic predisposition to hy-
perandrogenism, which may further lead to the
development of PCOS [33].

Increased 5alpha-reductase activity was found
from the ratio of urinary excretion of 5alpha-
metabolites and 5beta-metabolites of glucocor-
ticoids and androgens in all PCOS patients, but
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the degree of this enzyme activity differed be-
tween women in different groups. Four signs of
increased 5alpha-reductase activity were observed
in PCOS and obese patients, while three signs
were observed in PCOS patients with a normal
BMI, which indicates a different degree of 5alpha-
reductase activity in PCOS patients depending on
the BMI. Clinical signs of androgenic dermopathy
were more significant in PCOS and obese women
with more severe hirsutism and acne on the face,
back, and chest.

Obesity is regarded as one of the clinical PCOS
forms. A large number of steroidogenic enzymes
have been identified in visceral and subcutaneous
adipose tissue. Visceral adipose tissue contains the
type 1 11lbeta-hydroxysteroid dehydrogenase en-
zyme (11beta-HSD1), which catalyzes the conver-
sion of biologically inactive cortisone into the most
active glucocorticoid hormone, cortisol. Androgen-
induced adipose tissue dysfunction is an important
PCOS feature. It has previously been found that
urinary excretion of 5alpha-tetrahydrocortisone
and cortolones was increased, and there were
signs of decreased 11beta-HSD1 activity in PCOS
and obese women [34, 35]. Similar findings were
observed in normal weight patients in this study,
but more evidence of decreased 11beta-HSD1 acti-
vity in PCOS and obese women was found.

Increased 5alpha-reductase activity or de-
creased 1lbeta-HSD1 activity increases cortisol
metabolism, which results in a compensatory
increase in ACTH secretion and stimulation of
adrenal steroidogenesis, which confirms the
mixed nature of hyperandrogenism in PCOS
women. A direct correlation was found between
the degree of abdominal and visceral adipose tis-
sue development and the severity of insulin resis-
tance. Our study showed the highest informative
value for diagnosing PCOS in obese patients as-
sociated with increased fasting serum INS levels,
IGT, and decreased serum SHBG levels.

The use of GC-MS to assess urine steroid pro-
tiles provides new opportunities for diagnosing
various PCOS manifestations, including its diffe-
rential diagnosis.

Conclusion

1. GC-MS data in PCOS and nonobese pa-
tients showed increased urinary excretion
of androstenedione metabolites, dehydroepi-

androsterone and its metabolites, 17-hydroxy-
pregnenolone, pregnanetriol and 11-oxo-preg-
nanetriol, 5-ene-pregnenes, and 21-hydroxylase
and 3beta-hydroxysteroid dehydrogenase defi-
ciency. This finding suggests a mixed genesis of
hyperandrogenism, while urinary excretion of
dehydroepiandrosterone metabolites and one
androstenedione metabolite was increased in
PCOS and obese women.

Four signs of increased 5alpha-reductase acti-
vity were observed in PCOS and obese pa-
tients, while three signs were observed in
PCOS patients with a normal BMI. This
finding indicates a different degree of 5alpha-
reductase activity in PCOS patients depending
on the BMI.

Increased urinary excretion of 5alpha-tetra-
hydrocortisone and cortolones and decreased
11beta-hydroxysteroid dehydrogenase type 1
activity were observed in PCOS patients re-
gardless of the BMI, which indicates functional
hypercortisolism.
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