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Heavy metals (HMs) are distinguishable among various exogenous elements with a comprehensive impact
and high adverse environmental consequences. The danger of their spread is accompanied by risks of entry
into living organisms, leading to organ accumulation, homeostasis disruption, and the development of various
inflammatory and oncological clinical manifestations. Interestingly, the uterus shows an unpredictable
reaction to the influence of these chemical elements, with almost all previous studies providing differing
results. Therefore, this study investigated the features of chemical element content in the rat uterus after
30 days of HMs exposure and assessed the benefits of vitamin E against HMs impacts. Spectral analysis
of uterine tissue of rats (daily HMs exposure) and animals (HMs exposure with vitamin E treatment)
showed a significantly higher accumulation of Zn, Cu, Fe, Mn, Pb, and Cr after 30 days of the experiment.
Although the uterus samples of rats treated with vitamin E showed a significant accumulation of HMs, it
should be noted, that the tendency for their accumulation was less pronounced than in untreated rats. This
study showed the accumulation features of some chemical elements in the rat uterus after 30 days of HMs
exposure. Therefore, widespread environmental HMs exposure can leads to high absorption levels in uterine
tissues. However, increases in HMs levels were significantly attenuated by vitamin E supplementation.
Unfortunately, while a positive trend was found for each chemical element, the complete protection and

purification effect of vitamin E use against HMs exposure was not observed.
Key words: uterus; heavy metals, accumulation, rats, heavy metals salts.

INTRODUCTION

The main technogenic burden on the environment is
the different pollutants circulating at all ecosystem
levels (solid, liquid, and gaseous states) caused by
the emissions from technological processes [1].
Heavy metals (HMs) are distinguishable among
various exogenous elements with a comprehensive
impact and high adverse environmental risk [1-4].
In principle, the danger of their spread is accompa-
nied by risks of entry into living organisms, leading
to organ accumulation, homeostasis disruption,
and development of various inflammatory and
oncological clinical manifestations. However,
the toxic effects of HMs may be specific and may
differ depending on their type, combination, and
concentration [2-6].

Fine chemical particles in the ambient
environment have been reported to be associated
with many health problems, including urinary,
cardiovascular, hematogenic, neuro, repro-
ductive, and respiratory systems. Due to their
large pollution area, strong adsorption capacity,
and toxicity mechanisms, HMs can be adsorbed
by living organisms and accumulate within them,
causing inflammatory or cancerogenic local
damage and widespread harm to homeostasis
(2, 4-7].

The uterus is one of the largest structurally
and hormonally balanced organs of the repro-
ductive system [8] and is subject to the
influence of HMs [2, 4-7]. Interestingly, the
uterus shows an unpredictable reaction to the
influence of chemical elements, with almost all
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previous studies providing differing results. This
variability might reflect differences in pollutants
(including HMs), their concentrations, and their
impact on organisms across their study areas and
objectives [2, 9-12].

Due to numerous reports of pollutants’
danger and risks, many developed countries
worldwide are pursuing solutions to pollution
issues and investing considerably in the
development of methods (e.g., degassing and
phytoremediation) and drugs (e.g., natural or
artificial compounds) for environmental and
health protection [13]. Vitamin E can be one
of these protective agents since it is one of the
most important essential nutrients, with potent
antioxidant, anti-inflammatory, and detox
activities, known to humanity [2, 4, 14]. Many
studies have described vitamin E’s effectiveness
and protective effects against the adverse
impacts of various HMs. Moreover, the potential
benefit of vitamin E supplementation for female
gynecological health and reproductive-related
diseases has also been reported [14, 15].

Therefore, this study investigated the
features of chemical element content in the
rat uterus after 30 days of HMs exposure and
assessed the benefits of vitamin E against HMs
impacts.

METHODS

Experimental model. Following the aim of this
study, the experimental mixture was presented
with six of the most common and potentially
dangerous HMs. The experimental model and
the list of HMs were approved by the Bioethics
Committee of the Medical Institute of Sumy
State University (No. 2/10 from 10.10.2019).
The list of HMs salts were estimated in
accordance with preliminary reports in the
following concentrations: zinc (ZnSO, x 7H,0) —
5 mg/l, copper (CuSO, x 5H,0) — 1 mg/l,
iron (FeSO,) — 10 mg/l, manganese (MnSO, x
5SH,0) - 0.1 mg/l, lead (Pb(NO;),) — 0.1 mg/I,
and chromium (K,Cr,0,) — 0.1 mg/1 [4, 5]. The
HMs were dissolved in tap water and supplied
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in a drinking bottle in ad libitum access for oral
exposure.

For screening potential therapy for the
treatment against HMs impact, vitamin E
was selected for oral exposition (based on the
literature recommendations) [4, 13-15]. The
rats were administered vitamin E (daily at
10.00 am) using a disposable tip and automatic
pipette at an average prophylactic dose (9.1 mg/
kg to rats’ body weight considering species’
characteristics).

The 24 female rats were selected for this
study after physical and behavioral examinations.
Further, the rats were randomly divided into three
groups (8 rats each): Group I - control (received
ordinary drinking water); Group II — rats treated
by HMs mixture; Group III - rats administered by
HMs in combination with vitamin E treatment.
The duration of the experiment was 30 days.
The rats were housed in polypropylene cages
under environmentally controlled laboratory
conditions of temperature 22 + 1°C, relative
humidity 55 = 5%, and 12 h light/dark cycle.
The animals had ad libitum access to standard
pellets and water during the experiment. After 30
days, female rats were euthanized with the next
low abdominal midline incision and uteruses
collection. For the following atomic absorption
spectrometric analysis, the uterine wall of 1.0
cm in length was excised from one random
horn (proximal part - in the direction from the
partial caudal fusion to the ovaries). All animal
handling and experimental procedures were
performed according to international, national,
and institutional ethical guidelines.

Atomic absorption spectrometry. The
atomic absorption spectrometric method was
used for the determination of the chemical
composition of the uterine tissues. Samples were
weighed on analytical balance with an accuracy
of 0.001g, dried out, and burned in porcelain
crucibles in an oven at 450°C for 48 h to remove
the organic matrix. Obtained ash was dissolved
in 2.0 ml hydrochloric 10% and 1.0 ml nitric
acids. Thereafter, to determine the concentration
of microelements, spectrophotometer C-115M1
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(Ukraine) with electrothermal atomizer and
computer recording of the analytical signal with
calculated program “AAS SPEKTR” (Ukraine)
was used. Optical density measures were taken
into account at a specific wavelength of each
element: zinc, 213.9 nm; copper, 324.7 nm; iron,
248.3 nm; manganese, 279.4 nm; lead, 283.3 nm;
chrome, 357.9 nm.

Statistical analysis. Results are expressed
as mean + standard deviation or as a percentage
of the difference. Data were analyzed by using a
one-way analysis of variance (ANOVA) followed
by Bonferroni’s post-hoc test. In all cases,
P <0.05 was considered statistically significant.
All data collected from the experiment were
analyzed by Graph Pad® 6.0 software.

RESULTS

Baseline levels of the studied chemical
elements in uterine tissue were determined
using a control group (group I). Their average
zinc content was 38.44 + 2.04 pg/g, copper
was 4.84 + 0.17 pg/g, iron was 86.07 = 4.83
ug/g, manganese was 2.43 + 0.11 pg/g, lead
was 0.144 + 0.005 pg/g, and chromium was
0.908 £ 0.009 ug/g. The total content of these
microelements was 132.83 £ 5.69 ug/g. The
quantitative HMs content differed significantly
among them, in descending order Fe > Zn >
Cu > Mn > Cr > Pb.

Spectral analysis of rat uterine tissue from
experimental groups II (HMs exposure only) and
IIT (HMs exposure with vitamin E treatment)
showed a significantly higher accumulation
of chemical elements after 30 days of HMs
exposure (Fig. 1). Group II showed a rapid
increase in Zn (34.11%; 51.55 + 3.32 pg/g;
P < 0.0001), Cu (44.83%; 7.01 = 0.39 pg/g;
P <0.0001), Fe (61.95%; 139.39 £ 11.56 pg/g;
P < 0.0001), Mn (38.68%; 3.37 = 0.19 ng/g;
P < 0.0001), Pb (53.15%; 0.219 = 0.008 pg/g;
P <0.0001), and Cr (47.91%:1.34 £ 0.032 ng/g;
P <0.0001) content.

Uterus samples from group III rats showed
a similar tendency, an increasing exogenous
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HMs content in the uterine wall, even against
the treatment background. Their HMs content
exceeded the control group values by 44.85%
(124.67 + 9.29 pg/g; P < 0.0001) for Fe,
39.16% (0.199 + 0.008 pg/g; P < 0.0001) for
Pb, 35.9% (1.234 £ 0.029 pg/g; P <0.0001) for
Cr, 30.58% (6.32 + 0.22 pg/g; P < 0.0001) for
Cu, 25.93% (3.06 = 0.14 pg/g; P <0.0001) for
Mn, 18.44% (45.53 £2.93 png/g; P<0.0001) for
Zn, accordingly.

Notably, the tendency for HMs to accumulate
in the uterine wall of group III rats was less
pronounced than in group II rats. Zn content
was lower by 11.67% (P <0.0001), Fe - 10.56%
(P=0.014), Cu-9.84% (P <0.0001), Mn - 9.2%
(P=0.002), Pb-9.13% (P<0.0001), Cr - 8.12%
(P<0.0001) in vitamin E-treated (group III) rats
than in untreated (group II) rats.

In addition, the relative HMs increases in rat
uterine tissue were the same for both groups II
and I11, in decreasing order Fe > Pb > Cr > Cu >
Mn > Zn (Figure). Moreover, the increases in
each chemical element’s content above baseline
led to rises in their total content of 52.74%
(202.88 = 13.26 pg/g; P <0.0001) for group 11
and 36.27% (181.01 + 7.82 pg/g; P < 0.0001)
for group III. Therefore, total HMs content in
group III was 16.47% (21.87 pg/g; P =0.001)
lower than in group II.

DISCUSSIONS

We have shown that consuming water enriched
with a mixture of environmentally common and
potentially dangerous HMs for 30 days leads
to abnormal increases (52.74%; P < 0.0001) in
their content in rat uterine tissue. However, a
protective treatment attenuated this increase by
16.47% (P = 0.001), possibly reflecting their
enhanced removal. Nevertheless, the content
of all HMs was consistently reduced in vitamin
E-treated rats. Unfortunately, they did not return
to the baseline values of the control group. We
hypothesize that this indicates the promising
use of vitamin E for controlling the intake
of pollutants (both alone and in combination
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The imbalance of Fe, Pb, Cr, Cu, Mn and Zn levels in uterine tissue in rats after 30 days HMs exposition. Data are expressed as
Mean + SD (Scatter dots; error bars — T style with above direction). One-way ANOVA followed by Bonferroni’s post-hoc test
(n=24): Group I (Control) vs. Group II (HMs) vs. Group III (HMs + vitamin E). *P <0.05; **P<0.01; ***P<0.001; ****P <0.0001

with other drugs), with protocols aiming to
maximize protection against HM accumulation
and facilitate their rapid removal.

Interestingly, Fe, an essential trace ele-
ment, showed the greatest accumulation. Toxic
elements, such as Pb and Cr, accumulated to a
lesser extent, although with a great tendency
than Zn, which accumulated the least. Differ-
ences in metal accumulation may be due to the
synergism and antagonism of certain metals [2,
7], where some metals enhance the accumula-
tion of others or displace them. Many studies
have shown that essential metals are necessary
and absorbed easily by the body. However, it is
difficult to control their circulation with exces-
sive intake. Even when the signaling pathway
mechanisms of toxic metals or other dangerous
chemical pollutants are largely predictable, the
effect of extremely high doses of necessary trace
elements remains unpredictable, highlighting
the negative impact of environmental pollution
[2-7,9, 10, 16].

HM accumulation in the uterus likely per-
turbs female sex hormone expression and the
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estrous cycle. It also likely causes blood circu-
lation disorders and dystrophies; inflammation;
enzymatic activity inhibition; gene mutations
and pathological methylation; perturbed cell
integrity, hypoxia, division, and apoptosis;
hyper- or hypo-atrophic changes; antioxidant
mechanism impairment; increased free radicals
production, oxidative stress, lipid peroxida-
tion, and DNA damage [2, 5, 9,10, 17-22].
Unfortunately, the risk of exposure of plants,
microorganisms, fish, animals, and humans to
HMs and other organic and inorganic elements is
significant. It is important to note that short- and
long-term (acute, sub-chronic or chronic) influx
of some experimental substances (including
HM) can have both similar and opposite effects
[2,4,5,9, 10, 15, 23-28]. Moreover, changes
caused by pollutants can manifest even in sub-
sequent generations [18, 23].

Increasingly, pharmaceuticals and environ-
mental agents testing in animal models, fol-
lowed by interpolation of the results, have been
improved because of good correlation with in-
human results, which can boost awareness and
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predict drug effects in humans. Understanding
the screening diagnostic criteria and the search
for effective drugs can serve as a basis for opti-
mizing and personalizing therapeutic protocols
and predicting the course of pathology [4, 5,
13-15, 17, 24, 26, 28]. Much additional work is
required to understand this phenomenon com-
pletely. Therefore, these findings are essential
for understanding the role of metals in uterine
homeostasis and pathology.

CONCLUSIONS

This study showed the accumulation features of
some chemical elements (i.e., Zn, Cu, Fe, Mn,
Cr, and Pb) in the rat uterus after 30 days of HMs
exposure. Therefore, widespread environmental
HM exposure can leads to high absorption levels
in uterine tissues. However, increases in HMs
levels were significantly attenuated by vitamin E
supplementation. Unfortunately, while a positive
trend was found for each chemical element,
the complete protection and purification effect
of vitamin E use against HM exposure was
not observed. These findings indicate that
the accumulation potential of essential and
nonessential metals in the rat uterus might have
adverse effects.
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[ommpenns Baxxkux meranis (BM) cynpoBomKyeTbes pu3H-
KaMH1 ITPOHUKHEHHS B JKMBI OPraHi3Mu, 110 MPU3BOIUTS 0 iX
HaKOITMYEHHsI B OpraHax, MOPYyLIEHHS TOME0CTa3y, PO3BUTKY
PI3HOMAaHITHHX 3aMaJIbHUX TA OHKOJOT1YHHUX KITHIYHHUX MPO-
sBiB. LlikaBo, 10 MaTKa BUSBISAE HemepeaOadyBaHy peaKilito
Ha BIUIMB LIMX XIMIYHHMX €JEMEHTIB, IO Bif0oOpa)kaeThCs
Ha pI3HHLI PE3yIbTaTiB MPOBEICHUX NOCTIHKEHb. Y LBOMY
JOCTIIKEHHI MU BHBYAJIH OCOOIMBOCTI BMICTy XiMIYHUX
€JIeMEHTIB y MaTwi mypis micas 30 auiB BBy cymimi BM
Ta OL[IHIOBAJIM [IEpeBark 3acToCcyBaHHA Bitaminy E Ha T mii
noroTaHTiB. CHEeKTpaabHUI aHali3 TKAHWHH MAaTKU LIypiB,
SIKMX TiAJaBany IMOACHHOMY BIuBy BM, i1 TBapuH, sSKuM
KoMOiHyBajM ekcrno3uniro BM 3 mikyBanHsAM BiTamiHoMm E,
MOKa3aB J0CTOBipHE 3pocTaHHs BMicTy Zn, Cu, Fe, Mn, Pb
Ta Cr. Xoua y 3pa3kax MaTK{ LIypiB, JIKOBAaHUX BITaMiHOM
E, cnoctepiranacs teaeHuis no akymynsanii BM, ska Oyna
MEHIIIE BUPAKECHOIO MOPIBHAHO 3 TBAPHHAMH O€3 JIIKyBaHHS.
TakuM 9YMHOM, IIMPOKE MOLIMPEHHSI OCTAHHIX y HABKOIHII-
HBOMY CEpEIOBHIII MOXKE MPU3BOAUTH 0 BHCOKUX PiBHIB
X HAKONMMYEHHS B TKaHWHI MaTku. BogHodac 3acTocyBaHHS
Bitaminy E cynpoBomkyBanocs IEBHUM MPUTHIYEHHSAM 3pO-
ctanHs BMicTy BM. Xo4a mo3uTHBHA TEHICHIIISI HAKOIIUYEHHS
Oyna BUSBICHA A KOXKHOTO XIMIYHOTO €JeMEeHTa Ha TIIi
3acTocyBaHHA BiTaMiny E, moBHOro 3axucty Bix BriiuBy BM
HE crocTepiranocs.

KirouoBi cioBa: maTka; BaXKKi METaIN; HAKOIMMYCHHS; LTy PHU;
COIi BOXKHUX METaliB.
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