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Amag: Bu ¢aligma, polikistik over sendromunda (PKOS)
hormon diizeyleriyle ¢inko (Zn), krom (Cr), kobalt (Co)
ve mangan (Mn) konsantrasyonlarinin iligkisini incelemek
i¢in tasarlanmustir.

Materyal ve Metot: Caligmaya endokrinoloji poliklinigi-
ne bagvuran 18-40 yas arast PKOS teshisi konulan 40
kadin ve ayni sayida saglikli goniillii alindi. Serum Zn, Cr,
Mn, Folikiiler stimiile edici hormon (FSH), Liiteinlestirici
Hormon (LH), Dehidroepiandrosteron (DHEA-S), Total
Testosteron (TT), Seks hormonu baglayici
globulin (SHBG), insiilin, glukoz, kolesterol, trigliserit,
yiiksek yogunluklu lipoproteinler (HDL) ve diigiik yogun-
luklu lipoproteinler (LDL) konsantrasyonlar1 analiz edildi.
Bulgular: PKOS grubunda insiilin, glukoz, trigliserit,
DHEA-S diizeyleri kontrol grubuna gore anlamli derecede
yiiksek iken, FSH ve Mn diizeyleri HOMA-IR grubunda
kontrol grubuna gére anlamli derecede diisiiktii (p <0.05).

Sonu¢: Caligmamizda serum eser elementleri ile PKOS
arasinda bir iliski saptanirken, IR’nin dahil edilmesiyle
iliski diizeyi artmaktadir. Ayrica, mangan eksikligi varli-
ginda insiilin direncinin dogrudan oksidatif strese yol agip
acamayacagini belirlemek igin bu elementin takviyesinin
etkilerini degerlendiren ek ¢alismalara ihtiyac olacagini da
diistinmekteyiz.

Anahtar Kelimeler: insiilin direnci, kobalt, krom, man-
ganez, polikistik over sendromu

ABSTRACT

Objective: The study was investigate serum zinc (Zn),
chromium (Cr), cobalt (Co) and manganese (Mn) concen-
trations in relation to hormone levels and polycystic ovary
syndrome (PCOS).

Materials and Methods: Fourty women between 18-40
years of age diagnosed with PCOS. We also seleceted 40
healty volunteers as the control group. Serum Zn, Cr, Mn,
follicular stimulating hormone (FSH), luteinizing hormone
(LH), Dehydroepiandrosterone sulfate (DHEA-S), total
testosterone (TT), sex hormone binding globulin (SHBG),
insulin, glucose, cholesterol, triglyceride, High Density
Lipoprotein (HDL-C) and Low density lipoprotein (LDL-
C) concentrations were determined.

Results: Insulin, glucose, triglyceride, DHEA-S levels
were significantly higher in the PCOS group than in the
control group, while FSH and Mn levels were signifi-
cantly lower in the HOMA-IR group than in the control
group (p< 0.05).

Conclusions: A possible association is perceptible in our
study between some of serum trace elements and women
with PCOS. The association attains a connotative level
with the involvement of IR in it. Additional studies evalu-
ating the effects of these elements supplementation would
be required to confirm the hypothesis as well as to ascer-
tain whether insulin resistance in the presence of manga-
nese deficiency can directly lead to oxidative stress.
Keywords: Chromium, cobalt, insulin resistance, manga-
nese, polycystic ovary syndrome
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INTRODUCTION

About one in seven (9 to 18%) of women in repro-
ductive age suffer from policystic over syndrome
(PCOS) in worldwide. It appears itself with repro-
ductive, metabolic and psychosocial system disor-
ders." It is obvious that the insulin resistance is asso-
ciated with excessive weight. However, lean women
are also often suffering from this complex disorder.
Hyperandrogenism is accompanied by luteinized
hormone by releasing sex hormone binding globulin
and ovarian steroidogenic enzymes from the liver.
Hyperandrogenism caused by luteinising hormone
(LH) has a synergistic effect on steroidogenic en-
zymes in the ovaries and on the sex hormone bind-
ing globulin (SHBQG) in the liver. The influence of
insulin resistance on adrenal and ovarian steroido-
genesis has a crucial effect on hyperandrogenemia of
patients with PCOS. Biochemical evaluation of hy-
perandrogenism is usually done by determination of
total testosterone (TT), SHBG and dehydroepian-
drosterone sulphate (DHEAS) levels in the serum.
High androgen levels may negatively affect follicu-
lar development.” There is usually an atherogenic
pattern in PCOS where high triglycerides, choles-
terol, low-density lipoprotein cholesterol concentra-
tions are observed. It can be said that the changes in
lipid metabolism detected in PCOS are the effects of
insulin resistance, elevation of androgen and obe-
sity.’ Trace elements are components with physio-
logically significant effect on the human body at low
or ultra low levels. Zinc (Zn), Chromium (Cr), Man-
ganese (Mn), and Cobalt (Co) are trace elements
which have been related to insulin resistance, obe-
sity, oxidative damage and reproductive disorders.*
Zinc is an important cofactor for more than 300 en-
zymes in different mechanisms and also associated
with insulin action and glucose metabolism such as
synthesis, regulation and protecting of structure.’
Chromium supplementation given to animals with
genetic or nutritional insulin resistance increases
insulin action, enhances the effect of insulin on the
signal pathway, reduces the effects of insulin signal-
ing regulators, increases AMPK activity, regulates
intracellular glucose uptake and reduces oxidative
stress. Together with attention to the wide safety
profile, these beneficial effects of chromium is be-
lieved to be an adjunct therapy that can be used in
the control of insulin resistance or diabetes.®” Man-
ganese is a trace element in the structure of effective
metalloenzymes and proteins in cell metabolism and
oxidative stress regulatory pathways, and is also
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thought to be a PCOS association with the cause of
the effect of oxidative stress.® Previous studies have
reported that cobalt chloride (CoCl,) has reducing
effect of blood glucose level and of metabolic glu-
cose production, or an enhancing effect of cell glu-
cose uptake, or a integration of both process. How-
ever, cobalt increases glucose transport 1 expression
(GLUT1) and inhibits gluconeogenesis, as well as
reducing lipid peroxidation in numerous organs like
liver, kidney and heart of diabetic rats.”'® In the
study, it was aimed to determine the relationship
between serum concentrations of Zn, Cr, Co, Mn
levels and PCOS. It is also desired to determine the
relationship between insulin resistance and trace
elements in PCOS

MATERIALS AND METHODS

Subjects: Between September 2013 and September
2014, individuals with PCOS who were admitted to
the endocrinology department in Van Yuzuncu Yil
University, Dursun Odabas Medical Center were
included in the research. The research was approved
by the local Clinical Research Ethics Committee
(Date: 09/05/2013, decision no:3). The presence of
two of the three characteristics was used to diagnose
PCOS: chronic anovulation/oligomenorrhea, hyper-
androgenemia (biochemically) and more than 12
follicles on ultrasound. General reasons such as
prolactinoma, congenital adrenal hyperplasia, Cush-
ing's syndrome and ovarian / adrenal tumors that
virilizing were not used in the diagnosis, which 2004
Rotterdam ESHRE / ASRM sponsored PCOS Con-
sensus Workshop Group recommend.'' This study
included forty women between 18- 40 years of age
diagnosed with PCOS (group with PCOS). Also, we
randomly selected 40 volunteers from the endocri-
nology clinic for control group. There was no sono-
graphic findings of hyperandrogenism, infertility or
PCOS symptoms in the control group. Women ex-
posed to heavy metal and trace elements were not
included in the control group. Patients who had a
records of hypertension, diabetes, or cardiovascular
circumstance, who used oral/contraceptives, antian-
drogens, insulin sensitisers or who could have an
impact on clinically and/or biochemically parame-
ters were count out of the study. Individuals did not
smoke and did not carry a risk of pregnancy. Those
with mild oligomenorrhea were examined in the first
10 days after the start of menstruation and those with
severe oligo- / amenorrhea were randomly exam-
ined. A voluntary consent form including the aims
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and procedures of the study was explained and
signed to all individuals. IR, fasting glucose / insulin
ratio (GIR) was estimated by homeostasis model
assessment (HOMA). The HOMA formula was
computed as [fasting insulin concentration (pU/mL)
xfasting glucose concentration (mg/dL)]/ 405 with a
cut off point of 2.7."

Materials: Milli-Q (Millipore, Bedford, MA) deion-
ized water was used for trace element measurement.
All reagents used in the HPLC system had an ana-
lytical reagent grade (Triton X-100, Sigma-Aldrich,
USA and HNOs;, Merck, Germany). Standard solu-
tions were prepared by their prescripts. Care was
taken to avoid heavy metals and trace element con-
tamination in serum sampling, storage and analysis.
Before, centrifuge tubes, plastic bottles, glassware
and cryogenic vials were used 24 hours 10% (v / v)
HNO; incubation and five times deionized water
rinsing and desiccation applied respectively.

Sample Analysis: Blood samples collected on the
2nd or 3rd day of the menstrual cycle were centri-
fuged and the serum was separated, portioned and
freezed at -80°C until the day of analysis. Serum Zn,
Cr, Mn were determined atomic absorption spectros-
copy (AA-7000 Atomic Absorption Spectropho-
tometer, Shimadzu-Japan). Serum Zn, Cr and Mn
levels were calculated after determining the absorb-
ance and concentrations on the appropriate calibra-
tion curve obtained from standard solutions. Co lev-
els were determined with inductively coupled
plasma-mass spectrometry (Thermo Scientific ICAP
6000 Series-ICAP 6300, Duo-England), by Goullé et
al. method."” Calibration was performed with sup-
porting calibrators before the measurements and Co
levels were calculated as the manufacturer's instruc-
tions. Serum FSH, LH, DHEA-S, TT, SHBG, insulin
levels were measured with chemiluminescent mi-
croparticule immunometric assays (Abbott Diagnos-
tic Architect 12000 SR, USA). Serum glucose, total
cholesterol, triglyceride, high-density lipoprotein
cholesterol (HDL-C), and low-density lipoprotein
cholesterol (LDL-C) concentrations were deter-
mined by Architect System Abbott Plus CI 16200 ®
analyzer (Abbott Diagnostic Architect Plus CI
16200, USA).

Statistical analysis: Outcomes were declared as
mean and SD. The change in among to variables was
determined by Student's t test. The relationship be-
tween the parameter was estimated using Pearson
correlation coefficient. p<0.05 was expressed statis-
tically significant. Statistical Package Software (ver.
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15.0; SPSS, USA) was used to evaluate the statisti-
cal examinations.

RESULTS

The difference was not statistically significant be-
tween the PCOS groups in age or weight so this sec-
tion did not mention in the text as a table (p>0.05).
The comparison of serum levels of biochemical and
hormone parameters between the PCOS and control
groups are demonstrated in Table 1. Serum concen-
trations of insulin and DHEAS were greater, in
PCOS patients than the controls (p<0.05). The dif-
ference between serum SHBG, testosterone and LH
concentrations was not significant between groups
(p>0.05). As expected, a high LH / FSH ratio was
present in the PCOS group. Fasting As expected,
glucose / insulin ratio and HOMA-IR (p<0.05) val-
ues in PCOS group were higher comparison to the
control (p <0.05). Serum glucose and triglyceride
concentrations were significantly lower in the con-
trol group than in the PCOS group (p<0.05),
whereas cholesterol and HDL-cholesterol concentra-
tions were not significant (p> 0.05).

The comparison of serum levels of trace elements
between PCOS patients and healthy individuals are
presented in Table 2. Groups serum Cr, Zn and Co
concentrations were not significantly differences
(p<0.05). Only the Mn levels of patients group was
lower with respect to the control group (p>0.05).
Furthermore, there were positive correlation be-
tween DHEA-S and insulin with glucose levels in
PCOS group (1=0.870, p<0.05).

DISCUSSION AND CONCLUSION

Compensatory hyperinsulinemia associated with
insulin resistance can be seen in people with both
weak and obese PCOS.'* In PCOS patients, HOMA
evaluated insulin resistance indicate a high correla-
tion between insulin resistance assessed by euglyce-
mic hyperinsulinemic clamp or iv glucose tolerance
test.'” In the study, FG/I ratio and HOMA-IR were
used in insulin resistance estimation. Previous stud-
ies indicate that, the cut-off value of HOMA which
is demonstrate the insulin resistance in Turkey is
between 2.4-2.7 because of ethnicity and regional
changes.'® Bagis et al.'” showed a threshold of 2.24
for HOMA in PCOS patients and found that 52
(46.4%) of 112 patients had insulin resistance. Turan
et al.'"® determined 34% of PCOS in 89 patients.
Cegil et al.'® determined the IR 66%, 54.2% and
32.2% according to HOMA, fasting glucose/insulin
ratio and 2nd hour OGTT respectively. These data
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are similar to the results of our study. In this study,
we found that FG/I ratio and IR were significantly
higher in the patient group when we used the predic-
tive value of 2.7 to detect HOMA-IR in patients with
PCOS (p<0.05). The percentage of insulin resistance
is 61% and 43.9% according to HOMA and fasting
glucose/insulin index in PCOS patients, respectively
and 7.5% and 5% in intervention group respectively.
Approximately 50% to 60% of patients with PCOS
are obese and obesity is still debating whether PCOS
is a facilitating factor or a consequence of the dis-
ease. In addition, abnormal serum lipid profile of
PCOS patients is reported to be close to 70%."
Bagis et al.'” showed that 19% of PCOS patients had
higher than 200 mg/dL total cholestrol levels, 71.1%
PCOS patients had lower than 50 mg/dL HDL cho-
lestrol levels and 15% of PCOS patients had higher
than 150 mg/dL triglyceride levels. The data showed
that 7.3% of PCOS patients had higher than 200 mg/
dL total cholestrol levels, 68.3 % PCOS patients had
lower than 50 mg/dL HDL cholestrol levels and 26.8
% of PCOS patients had higher than 150 mg/dL
triglyceride levels. These results complement the
results of previous studies.'”'” Sreejayan et al.” sug-
gested that Cr may be beneficial in reducing insulin
The
chromium present in the cell enhances the insulin
signal through insulin receptor kinase activity.®
Basaki et al.”’ showed that the Cr levels in diabetes
were higher and the Zn and Cr levels were lower
than the control group. They have also linked this to
the insulin effect of Cr in glucose metabolism.
Karagiin®' indicated that low levels of plasma and

resistance and diabetes mellitus treatments.

erythrocyte Cr with a low level of urinary Cr might
be result of negative Cr balance in patients with DM
and also noted that low plasma and erythrocyte Cr
levels may contribute to high glucose levels in dia-
betic patients by negatively affecting insulin func-
tion. To the extent of our knowledge this is the ini-
tial study that shows serum Cr concentration in pa-
tients with PCOS. Although there was a increase in
Cr levels of PCOS patients, it was not significantly
higher with respect to the healthy group (p>0.05). In
order to consolidate the findings obtained in this
study and to obtain new perspectives, we suggest
that more patients are included in the future studies.
Zn is another important trace element which has
catalytic, structural and regulatory functions in me-
tabolism. However, Cu-Zn is an antioxidant that is
present in the SOD structure and protects the tissue
concentrations of metallothionein.”> 1In this study,
although serum Zn concentrations were determined
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as higher than the control but the highness was not
significant (p>0.05). Variable results have been re-
ported in different studies in which Zn concentra-
tions were determined.”® High serum Zinc concen-
trations in PCOS patients can be associated with
increased insulin resistance and increased antioxi-
dant capacity. Zn, is known to have an antioxidant
effect by participating in the structure of Cu-Zn
SOD, and the first phase of antioxidant defence
mechanism is to increase the components of its
structural elements. It may also need to further stud-
ies which have include to analyse of oxidative status
of PCOS patients. Manganese is a trace element that
functions in mechanisms that protect the body
against oxidative damage. This function is achieved
by the presence of Mn-containing SOD (MnSOD)
enzyme as a cofactor in its activity.” It reduces the
high reactivity SOD ions to the less reactive hydro-
gen peroxidase compounds. Then the hydrogen per-
oxidase converts into water by catalase and peroxi-
dase in mitochondrial matrix.”’ Serum Mn concen-
tration levels of PCOS patients were close to half of
the concentrations determined in the control group.
Based on this result, assuming that manganese in-
take levels are sufficient, there may be an indication
that manganese may be consumed in the antioxidant
defence system, including MnSOD, in the case of
increased oxidative stress. Cobalt chloride (CoCly)
has glycemia-lowering effects and decreased sys-
temic glucose production. The expression of glucose
transporter 1 (GLUT1) increased due to the efficacy
of cobalt, resulting in a decrease in the activity of
gluconeogenesis.”® In addition, Co is a heavy metal,
which is caused to generate ROS formation indi-
rectly, increases the production of free radicals in the
DNA repair process, that contribute further DNA
damage.” Co is also involved in the inhibition of
gene expression and signal transduction pathway. *
Although we detected high levels of cobalt concen-
trations in PCOS patients compared to control
group, we found that these high levels were not sta-
tistically significant (p<0.05). Although we could
not find any difference between PCOS and Co levels
in our study, we think that, more detailed research
should be planned to determine cobalt's effects on
PCOS.

In conclusion: Finally, the prevalence of IR calcu-
lated on the basis of HOMA-IR measurement was
found to be 61% in a small population of PCOS
patients with randomly selected. Although IR is a
common abnormal condition in PCOS, the fact that
no predictive value is determined in people with
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PCOS avoid it from being a diagnostic criterion. The
results of our study show that serum trace element
concentration alternate may be present in people
with PCOS. Whether the lack of these elements
leads directly to oxidative stress should also be in-
vestigated in different studies examining the effects
of element supplementation on PCOS patients. In
addition, we think that SOD, catalase and cyto-
chrome-c oxidase concentrations should be assessed
in order to know their possible relationships with
PCOS.
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Table 1. Comperison of groups in terms of hormonally parameters.

Ragip Balahoroglu ve ark. (et al.)

Parameters Healthy Control Group Patients Group
(n=40) (n=40)
DHEA-S (pg/dL) 224.65 +102.47 349.74 + 124.98*
SHBG (nmol/L) 55.33 £43.08 40.32 +34.47
Insulin (mg/dL) 7.55+3.84 2422 +21.86*
FSH (mIU/mL) 6.98 +7.90 4.05 £ 1.52%*
LH (mIU/mL) 7.80 £10.64 7.76 £5.33
LH/FSH (>1.5) 1.26 £1.20 6.57+2.97
Testosterone (nmol/L) 1.50 £ 0.58 1.72+0.61
TG (mg/dL) 81.13 £34.90 118.22 + 65.60%**
HDL-C (mg/dL) 44.33 £9.58 45.00 +10.57
T-Cholestrol (mg/dL) 148.40 +30.20 161.76 +34.23
FG(mg/dL) 71.78 £9.20 84.15 £ 12.52*
HOMA-I (>2.7) 1.351 £0.764 5.066 + 4.445%
FG/Insulin (<4.5) 11.446 + 4.885 6.516 £4.510*

TG:triglyseride; FG:fasting glucose; *p<0.001; **p<0.05; ***p<0.01.
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Table 2. Comparison of trace elements levels between PCOS and control groups.

Parameters | Healthy Control Group Patients Group
(n=40) (n=40)

Cr (ng/L) 0.1684 +0.1174 0.2160 £ 0.1502

Zn (mg/L) 3.9304 +2.2162 4.8815 +£3.2364

Co (ng/L) 0.1375+0.1108 0.2864 +0.1897

Mn (ng/L) 0.8068 +0.4248 0.5787 +0.4289*

#<0.05.
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