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ELEMENTAL COMPOSITION OF BLOOD OF INFERTILE PATIENTS PARTICIPATING
IN ASSISTED REPRODUCTION PROGRAMS

Syrkasheva AG =, Frankevich VE, Dolgushina NV
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The association between levels of trace elements, endocrine diseases and reproductive impairments is actively investigated currently. In this connection, it
seems relevant to study elemental status (elemental composition of blood and amounts of elements therein) of infertile patients enlisted in programs employing
assisted reproductive technologies (ART). This study aimed to analyze trace elements in blood of infertile patients, relationship between the level of such trace
elements and parameters of the ART programs they are in. The study included 30 infertile patients aged 18-39 years. Relying on inductively coupled plasma
mass spectrometry, we identified concentrations of 31 chemical element in blood of the participants. Two elements out of 31 (antimony and beryllium) were not
found in any blood sample; 10 elements (titanium, chromium, cobalt, nickel, arsenic, mercury, barium, gold, vanadium) were detected in some blood samples,
the remaining 19 elements were found in all samples. Age of the patients correlated negatively with the level of silicon (- = -0.384; p = 0.036) and positively
with the level of molybdenum (r = 0.384; p = 0.036). The level of anti-mullerian hormone was in a significant negative correlation with the level of lithium
(r=-0.367; p = 0.046). The level of free thyroxine was in a significant negative correlation with the level of boron (r = -0.402; p = 0.028) and a positively correlated
with the levels of iron (r = 0.410; p = 0.024) and silver (r = 0.432; p = 0.017). Considering the embryological cycle, we noted a positive correlation between the
level of silicon and the number of blastocysts obtained (r = 0.387; p = 0.034). There was no statistical relationship registered between elemental composition of
blood the frequency of pregnancy in ART cycles.
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SNIEMEHTHbI COCTAB KPOBW MALMEHTOK C BECMJIOOVEM B NPOrPAMMAX
BCMOMOIATEJIbHbIX PENPOAYKTUBHbIX TEXHOJTOMMIA

A.T. Cbipkawesa =, B. E. ®parkesud, H. B. JonrywmHa
HaLI,I/IOHaJ'IbeIIZ Me,EI,I/ILI,I/IHCKI/IVI I/ICCJ'Ie,EI,OBaTeJ'IbCKI/IIZ LIEHTP aKyLlepcTBa, MHEeKOoorMmn 1 NepnHaToNnorni NMeHn B. . KyJ'IaKOBa, MOCKBa, Poccus

B CBA3M C aKTVBHbIM 13y4eHEM accoLaumnii Mexay YPOBHAMU MUKPOINEMEHTOB, SHAOKPVHHbIMU 3a00MEBaHMSMI 1 HAPYLLEHNEM PEMPOLYKTUBHOM yHKUMN
NPEenCTaBNSETCS akTyanbHbIM U3YyHYeHVe SNEMEHTHOMO CTaTyca Yy MauveHToK ¢ H6ecnnogMeM B NporpaMmax BCroMoraTesibHbIX PEnpOLyKTUBHBIX TEXHOMOMWIA
(BPT). Llenbto paboTbl 6bi110 NpoaHanmManpoBaTe Y NauneHTok ¢ 6ecniogreM CoaepKaHe MUKPOSEMEHTOB, CBSA3b MEXY YPOBHEM MUKPOSMEMEHTOB B 1X
KpOBW 1 MapameTpamu nporpammv BPT. B nccneposanve BkoveHo 30 naumeHTok ¢ Gecnnoavem B Bodpacte 18-39 net. Onpepensnm KoHueHTpaummn 31
XUMUHECKOTO 3/IEMEHTa B KPOBW NaLWIEHTOK METOAOM Macc-CreKTPOMETPUN C UHOYKTUBHO-CBA3aHHOM nna3mMoit. [1ga anemenHTa 13 31 (cypbMma 1 6epunnuil He
Obln 0BHaPY>KEHbI HU B 0AHOM 06pasLie kposu, 10 3M1eMeHTOB (TUTaH, XPOM, KObanbT, HUKENb, MbILLbSK, PTyTb, 6apuii, 30/10TO, BaHaOMWI) BbISBEHb! B YacTV
06pasLoB KpoBW, OcTaslmecs 19 anemeHToB — BO BCex obpasuax. Bo3pacT naumMeHTOK Haxoamncs B OTPULIATENBHOM KOPPENALMOHHON CBA3KN C YPOBHEM
KpemHus (r = —-0,384; p = 0,036) 1 B NONOXUTENBHOM — C YPOBHEM MonnbaeHa (r = 0,384; p = 0,036). YpoBeHb aHTUMIONIEPOBa rOPMOHa HAXOAWIICS B 3HAYVMOW
oTpULIaTENBHON KOPPENALMOHHON CBA3M C ypoBHEM nutus (r = =0,367; p = 0,046). YpoBeHb CBOOOAHOMO TUPOKCUHA HAXOAWUCS B 3HAYMMON OTpuLaTeIbHON
KOPPENSLMOHHOI CBSA3M C ypoBHEM 6opa (r = -0,402; p = 0,028) 1 NONOXMTENBHON KOPPENSALMOHHOM CBSA3M C ypoBHEM xenesa (r = 0,410; p = 0,024) n cepebpa
(r = 0,432; p = 0,017). Mpw OLEHKe 3MOPVONOrMYECKOrO 3Tana OTMeYeHa MONoXKMTENbHAS KOPPENSALMOHHAS CBS3b MEXY YPOBHEM KPEMHUSI U YKCIIOM
nony4eHHbIX 6nactoumncT (r = 0,387; p = 0,034). He BbIsSIBNIEHO CTATUCTUHECKON 3aBUCUMOCTI MeXOy 3/1EMEHTHbIM COCTABOM KPOBU 1 HaCTOTOW HaCTynneHus
B6epemeHHoCTY B Umknax BPT.

KrntoyeBble cnoBa: BCrioMoraTesbHble PENPOLYKTUBHbIE TEXHOMOMMM, AMOPUOHBI, OEPEMEHHOCTb, TSXKEbIE METaNSbl, MacC-CreKTPOMETPUS, MUKPOINEMEHTI,
3MIEMEHTHbIN cocTas kposu, AMIT
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The term "trace elements" appeared in the middle of the
20" century. According to the definition from the Medical
Encyclopedic Dictionary, trace elements are chemical elements
contained in body tissues at the concentrations of 1:100,000 or
below. There are essential (necessary) trace elements, which are
bioelements vitally important for sustaining life. They are integral
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components of the human body. There are also conditionally
essential trace elements, for which there is a growing body of
evidence backing their role in supporting normal functioning of
the body. Finally, there are toxic or potentially toxic trace elements,
those that the body holds in small amounts only, with their role
and possible negative effects not well understood currently [1].
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The world scientific community has grown interested in
trace elements when researchers began investigating specific
diseases that have a direct connection with certain elements.
The most prominent examples of such diseases are the
Minamata disease (mercury poisoning) and ltai-ltai (cadmium
poisoning).

Elemental status is also well known to play a role in
development of other diseases, as is the case with iron
deficiency and anemia, iodine deficiency and thyroid pathology,
zinc deficiency and skin diseases and nervous system disorders.

However, this area of medicine remains one of the least
studied. Firstly, this is due to the low concentrations of various
trace elements in the human body: detecting and quantifying
them requires application of complex and expensive methods.
Secondly, there are no data on the metabolism of rare trace
elements in the body: samples of human blood and/or hair are
mainly used to study them. Thirdly, changes in the composition
of trace elements are well studied only in the context of specific
diseases. Currently, researchers actively develop this area. For
example, there are studies aimed at uncovering the relationship
between changes in the composition of trace elements and
endocrine system diseases [2, 3].

In 1984, the International Society for Trace Element
Research in Humans was founded. Its goals are to consolidate
and distribute data on the biological role of trace elements in
various pathological processes in human beings.

Investigating the role of trace elements in reproductive
disorders is a difficult yet rewarding task. Patients participating
in programs relying on assisted reproductive technologies
(ART) are an interesting group to study. Firstly, they are young
women without chronic somatic diseases and with good
medical examination results (the examination mandatory before
joining an ART program). Secondly, this group allows studying
the embryological parameters, such as quality of oocytes
and embryos, frequency of oocyte fertilization. Therefore, we
decided to select this category of patients for the present study.

This study aimed to analyze the content of trace elements
in infertile patients, investigate the relationship between the
level of trace elements in their blood and the parameters of
ART programs designed for them.

METHODS

The study included 30 patients who applied for ART infertility
treatment 2017 to 2018. The inclusion criteria were: no
contraindications for ART,; normal karyotype of both spouses;
absence of severe male factor (100% teratozoospermia,
absolute asthenozoospermia, all types of azoospermia); age
18 through 39 years; body mass index (BMI) 19-25 kg/m2.
All the participating patients have been residents of Moscow
for the last 5 years. The exclusion criteria were: use of donor
gametes, surrogacy; obtaining three or less oocytes on the day
of transvaginal ovarian puncture.

All the couples included in the study were examined as
necessary before enrolling in an ART program [3].

Ovarian stimulation followed the protocol with gonadotropin
releasing hormone antagonists [4]. For transvaginal ovarian
puncture and oocyte aspiration, we relied on the standard
technique [4].

Venous blood was sampled for examination on the day
of transvaginal puncture; the samples, once taken, were
cryopreserved at =70 °C. Inductively coupled plasma mass
spectrometry enabled quantification of essential and toxic
trace elements in the patients' blood. The laboratory that
studied the samples had no access to the clinical particulars of

the participants. We identified concentrations of the following
trace elements: lithium (Li), boron (B), sodium (Na), magnesium
(Mg), aluminum (Al), silicon (Si), potassium (K), calcium (Ca),
titanium (Ti), chromium (Cr), manganese (Mn), iron (Fe), cobalt
(Co), nickel (Ni), copper (Cu), zinc (Zn), arsenic (As), selenium
(Se), molybdenum (Mo), cadmium (Cd), antimony (Sb), mercury
(Hg), lead (Pb), barium (Ba), gold (Au), vanadium (V), silver (Ag),
beryllium (Be), bismuth (Bi), tungsten (W), gallium (Ga) (31
elements).

The oocytes were fertilized in vitro, following the "classical"
in vitro fertilization (IVF) technique, or through intracytoplasmic
sperm injection (ICSl). The embryos were cultivated and
transfered using methods accepted in clinical practice [4].

Fourteen days after transfer to the uterine cavity, we
measured the concentration of B-hCG in the patient's blood.
In case of registration of the embryo's heartbeat 5 weeks after
the transfer, we announced clinical pregnancy.

SPSS 22 (IBM; USA) software package enabled statistical
analysis. Normally distributed data were presented as mean
(standard deviation). In comparison of category variables,
our statistical analysis relied on the x2 test, in comparison of
medians — on the Mann-Whitney test. Abnormally distributed
data were presented as median (interquartile range). Pearson
criterion was factored into the correlation analysis.

The differences between statistical values were considered
significant at p < 0.05.

RESULTS

We analyzed concentrations of 31 chemical element in blood
of 30 patients. Two elements (antimony and beryllium) were not
found in any blood sample; 10 elements (titanium, chromium,
cobalt, nickel, arsenic, mercury, barium, gold, vanadium) were
detected in some blood samples, the remaining 19 elements
were found in all samples. Table 1 presents the chemical
elements distribution data.

Age of the patients correlated negatively with the level of
silicon (r = —0.384; p = 0.036) and positively with the level of
molybdenum (r = 0.384; p = 0.036). Body weight and BMI were
not connected to the patients' elemental status.

In smoking patients (n = 5), the median calcium level was
significantly (p = 0.02) lower than in non-smokers (n = 25):
98.2 mg/l versus 102.4 mg/I.

Assessing the obstetric history, we noted that the number
of pregnancies positively correlated with the patient's levels of
sodium (r = 0.455; p = 0.012) and chromium (- = 0.484; p = 0.007).

Studying gynecological histories of the patients, we found
no connection between the level of trace/macroelements and
recorded gynecological diseases (endometriosis, myoma,
inflammatory diseases of the pelvic organs), primary or
secondary infertility and duration thereof.

Analyzing laboratory indicators of the patients, we
discovered a relationship the level of trace elements, anti-
mullerian hormone (AMH) and free thyroxine (T4,_). The level
of AMH was in a significant negative correlation with the level
of lithium (r = -0.367; p = 0.046). The level of free thyroxine
correlated negatively (significant correlation) with the level of
boron (r = -0.402; p = 0.028) and positively with the levels of iron
(r=0.410; p = 0.024) and silver (r = 0.432; p = 0.017) (Table 2).

Evaluation of features of the ovarian stimulation protocol
revealed a relationship between the total dose of gonadotropins,
the duration of stimulation, the levels of aluminum, zinc,
selenium and barium (Table 3).

Analysis of the parameters of oogenesis and early
embryogenesis allowed discovering a positive correlation
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Table 1. Concentrations of essential and toxic trace elements in patients
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Element Detection frequency Median Interquartile range Minimum/maximum
Lithium (Li), pg/I 100% 18.17 1.01-34.43 10.22-29.83
Boron (B), pg/! 100% 141.6 84.0-165.7 68.6-206.5
Sodium (Na), mg/I 100% 3213.5 3070.0-3459.0 2946.0-3567.0
Magnesium (Mg), mg/| 100% 20.0 18.8-21.4 13.3-25.9
Aluminum (Al), pg/Il 100% 60.145 51.55-85.03 24.19-126.45
Silicon (Si), pg/! 100% 493.200 179.9-636.9 38.5-892.1
Potassium (K), mg/| 100% 165.5 152.0-190.0 136.0-210.0
Calcium (Ca), mg/I 100% 100.550 95.2-106.0 92.3-109.5
Titanium (Ti), pg/I 93.3% (n=28) 2.745 1.88-3.56 0-4.95
Chromium (Cr), pg/I 26.7% (n=8) 0 0-1.41 0-0.40
Manganese (Mn), ug/| 80.0% (n=24) 0.76 0.63-0.93 0-1.59
Iron (Fe), ug/! 100% 1377.5 965.0-1754.0 401.0-2568.0
Cobalt (Co), ug/! 76.7% (n=23) 0.197 0.113-0.339 0-0.412
Nickel (Ni), pg/!l 36.7% (n=11) 0 0-0.61 0-6.18
Copper (Cu), ug/!l 100% 1401.5 1121.0-1740.0 788.0-2427.0
Zinc (Zn), pg/l 100% 873.0 781.0-960.0 593.0-1150.0
Arsenic (As), pg/I 96.7% (n=29) 0.41 0.23-0.80 0-3.20
Selenium (Se), ug/! 100% 85.3 76.5-95.6 55.0-119.5
Molybdenum (Mo), pg/! 100% 0.705 0.640-0.860 0.400-1.150
Cadmium (Cd), pg/I 100% 0.275 0.20-0.38 0.1-2.42
Antimony (Sb), pg/| 0 - - -
Mercury (Hg), pg/l 96.7% (n=29) 0.19 0.14-0.41 0-0.70
Lead (Pb), pg/I 100% 8.970 7.43-12.98 4.80-17.86
Barium (Ba), pg/I 40.0% (n=12) 0 0-0.55 0-2.28
Gold (Au), pg/! 96.7% (n = 29) 0.034 0.019-0.072 0-0.099
Vanadium (V), pg/I 3.3% (n=1) 0 0-0 0-0.278
Silver (Ag), pg/I 100% 0.270 0.160-0.760 0.030-3.410
Beryllium (Be), pg/I 0 - - -
Bismuth (Bi), ug/! 100% 2.068 0.935-2.839 0.107-3.408
Tungsten (W), pg/! 100% 0.034 0.028-0.045 0.0015-0.050
Gallium (Ga), ug/! 100% 0.007 0.005-0.009 0.001-0.010

between the number of blastocysts obtained and the level of
silicon (r = 0.387; p = 0.034). No other significant differences
between levels of trace elements and parameters of oogenesis/
early embryogenesis were detected.

Clinical pregnancy was registered in 15 cases (50%). The
level of trace elements did not differ significantly in patients with
different ART program outcomes (p > 0.05).

DISCUSSION

The number of studies demonstrating relationship between a
person's elemental status and peculiarities of various diseases
in this person has been growing in the recent years [2, 5, 6].
In a healthy body, homeostatic mechanisms keep the levels
of trace elements within physiological range. However, against
the background of changing external conditions (as a rule —
changes in diet and the surrounding environment, ecology),
the balance of trace elements may be broken, which leads to
a deficiency or, conversely, an excess of certain substances
[3]. Such conditions are difficult to diagnose, mainly due to the
lack of a characteristic clinical picture associated with them
and problematic access to laboratories capable of analyzing
elemental composition of the human body. The discussion about
the ideal matrix for trace element analysis (blood/urine/hair)
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is ongoing [1, 7]. It should also be remembered that it is still
unclear what roles many of the trace elements play in the
human body, same as the processes of metabolism of trace
elements. Elemental status of a person may depend on sex,
age and other less obvious attributes [8]. All these factors make
research in this area extremely promising.

In this study, we evaluated elemental status of blood
of infertile patients who applied for ART programs. One of
the inclusion criteria required residency in a region of Russia
favorable from the point of view of the trace element balance [9].
Selection of patients with certain clinical characteristics reduces
the likelihood of influence of known factors (obesity, endocrine
diseases, ecologically unfavorable region of residence) on the
elemental status.

The study revealed a relationship between elemental
composition of the patients' blood and their clinical
characteristics, but uncovered no connection between the
women's elemental status and ART program outcomes.

Age of the patients was negatively associated with the level of
silicon, while correlating positively with the level of molybdenum.
Molybdenum is an essential trace element; silicon can be called
an element "probably necessary" for functioning of a human
body. Silicon is concentrated in connective tissue: arterial
walls, tendons, skin. It is assumed that the content of silicon
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Table 2. Correlation between hormonal parameters and elemental composition of the patients' blood

AMH T4, . Lithium Boron Iron Silver
r=0.130 r=-0.367 r=-0.055 r=0.040 r=0.253
AMH 1
h=0.495 p=0.046 p=0.773 p=0.835 p=0.177
r=0.130 r=0.183 r=-0.402 r=0.410 r=0.432
T4, 1
e h=0.495 p=0.334 p=0.028 p=0.024 p=0017
r=-0.367 r=0.183 r=0.104 r=0.258 r=-0.281
Lithium
p=0.046 p=0.334 p=0.583 p=0.168 p=0.133
r=-0.055 r=-0.402 r=0.104 r=-0.074 r=-0.329
Boron 1
p=0.773 p=0.028 p=0.583 p=0.698 p=0.076
| r=0.040 r=0.410 r=0.258 r=-0.074 ; r=-0.59
ron
p=0.835 p=0.024 p=0.168 p=0.698 p=0.758
r=0.253 r=0.432 r=-0.281 r=-0.329 r=-0.59
Silver 1
p=0.177 p=0.017 p=0.133 p=0.076 p=0.758

in the human body changes with age, but the mechanisms
behind this change have not been described exhaustively [10].
Molybdenum plays a controversial role in the human body. It is
a component of various enzymes. Molybdenum preparations
are traditionally used to treat Wilson's disease; in addition,
there are reported cases when it was used successfully to treat
Crohn's disease [11]. Researchers have shown angiogenesis
suppressing properties of molybdenum preparations in the
context of pre-clinical anticancer drug studies [12]. At the
same time, at elevated concentrations, this metal is toxic. High
level of molybdenum in the blood translates into higher risk of
arterial hypertension and other cardiovascular diseases [13].
Further research is needed to assess the negative effects of
molybdenum on human health.

Osteoporosis and osteopenia are the background
conditions for studies analyzing the effect of smoking on
calcium metabolism [14]. In our study, smoking patients had
reduced calcium levels compared with nonsmokers. Calcium
is an important element for a human body; during pregnancy
and lactation, the need for this element increases significantly.
The data obtained can be used in counseling patients,
recommending smoking cessation during pregnancy planning.

The analysis of laboratory indicators showed a negative
correlation between levels of lithium and AMH. AMH is most
widely used descriptor of ovarian reserve. Lithium preparations
have long been used to treat psychiatric conditions (mainly
manic depressive disorders). In some cases, it is necessary to
continue taking lithium preparations during pregnancy, which

is why researchers pay special attention to evaluation of their
negative impact on the reproductive and endocrine systems
[15]. A group of Iranian researchers demonstrated a decrease
in the expression of genes for steroidogenesis in rat ovaries
[16]. The connection between lithium and human ovarian
reserve values requires further study.

The level of free thyroxine is connected with the levels of iron,
boron and silver. At the same time, there was no connection
registered between the levels of thyroid-stimulating hormone
and trace elements. Various authors have reported negative
relationship between boron and the level of thyroid hormones
in animals [17, 18]. In laboratory animals, boron preparations
were associated with development of hypothyroidism. Boron
regulates the activity of parathyroid hormone, which may
explain the link between boron and trace element levels.

Analyzing the ovarian stimulation protocol, we discovered
a connection between the levels of aluminum and zinc and the
total dose of gonadotropins, as well as a relationship between
selenium, barium and the duration of ovarian stimulation. No
other studies published report such correlations. Overall, the
number of days of stimulation correlates with the duration of
the patient cycle's follicular phase, which, in turn, is associated
with the ovarian reserve. Duration of the cycle may be influenced
by the increased levels of selenium, which is a coenzyme of
glutathione peroxidase, an antioxidant enzyme. At the same
time, growing level of selenium may be a compensatory response
to the increasing concentration of barium, a toxic heavy metal,
since selenium plays a key role in detoxification of heavy metals.

Table 3. Features of the superovulation stimulation protocol and elemental composition of the patients' blood

Number of days of Total dose of . . ) .
. - . Aluminum Zinc Selenium Barium
stimulation gonadotropins
Number of days of ; r=0.318 r=0.209 r=0.296 r=0.409 r=0.562
stimulation p=0.087 p=0.268 p=0.113 p=0.025 p=0.001
Total dose of r=0.318 ; r=0.588 r=0.469 r=0.246 r=0.029
gonadotropins p=0.087 p=0.001 p =0.009 p=0.190 p=0.881
r=0.209 r=0.562 r=0.354 r=0.006 r=-0.153
Aluminum 1
p=0.268 p=0.001 p=0.055 p=0.977 p=0.420
- r=0.296 r=0.469 r=0.354 ] r=0.351 r=0.175
inc
p=0.113 p=0.009 p=0.055 p=0.057 p=0.355
r=0.409 r=0.246 r=0.006 r=0.351 r=0.492
Selenium 1
p=0.025 p=0.190 p=0.977 p=0.057 p =0.006
r=0.562 r=0.029 r=-0.153 r=0.175 r=0.492
Barium 1
p=0.001 p=0.881 p=0.420 p=0.355 p =0.006
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We have identified a positive link between total gonadotropin
dose and zinc and aluminum levels, with a weak positive
association between these elements. Zinc is a component of
at least 200 different enzymes, and perhaps some of them play
a role in the synthesis of steroid hormones and their receptors.
The toxic effect aluminum has on oogenesis in rodents was
demonstrated by biologists from Brazil. They assume aluminum
directly damages ovarian tissues and inhibits antioxidant
enzymes [19].

Considering the embryological cycle, we noted a positive
correlation between the level of silicon and the number of
blastocysts obtained, while the relationship between silicon and
the number of oocytes was not registered. Silicon is necessary
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