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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Abstract.

The purpose of this study was to analyze the effects of cadmium
toxicity on rat embryogenesis when exposed to other heavy
metal citrates. Despite the variety of scientific publications
discussing the influence of cadmium on mammalian postnatal
development, the effect of this metal on embryogenesis has
not yet been sufficiently studied. In this experimental study,
cadmium chloride was administered to experimental pregnant
female Wistar rats at a daily dose of 1.0 mg/kg. Rats were
allocated at random into groups receiving either cadmium
chloride alone or additional zinc citrate, cerium citrate, or
nanocomposite (based on iodine, sulfur, and selenium citrate).
The control group received distilled water at an equivalent
volume. In each group, operational intervention occurred at the
13" and 20" day of gestation to assess numbers of live fetuses,
corpora lutea, pre-implantation losses, post-implantation
losses, and total implantation losses. When cadmium chloride
alone was administered, a pronounced embryotoxic effect was
observed, manifested as a significant decrease in the number
of live fetuses. Experimental groups which received cadmium
chloride with zinc citrate, cerium citrate, or nanocomposite
had an increased number of live fetuses and corpora lutea, as
well as a decreased number of implantation losses, compared
to the group which only received cadmium chloride. Each
combination of cerium, zinc, and selenium nanocomposite
citrates demonstrated a compensatory effect on all measures of
embryogenesis impacted by cadmium embryotoxicity. Thus,
administration of the citrates of cerium, zinc, and selenium
nanocomposite reduces cadmium embryotoxicity and its
accumulation in the body.

Key words. Cadmium chloride, cerium citrate, zinc citrate,
embryogenesis, toxicity, antagonism.

Introduction.

The effects of heavy metals on human health and the
environment remain some of the most relevant problems of
modern science. Industrialization has caused severe air, water,
and soil pollution, which have devastating effects on the health,
survival, and activities of humans.

Among the most dangerous toxins of prolonged action are
salts of heavy metals. Cadmium is an accumulative heavy
metal with potential toxicity to the excretory, musculoskeletal,
digestive, cardiovascular, and reproductive systems. When
cadmium enters the human body, it is excreted very slowly
and, therefore, accumulates in organs and tissues, disrupting
metabolic processes and physiologic functions. The peculiarities
of the harmful effects of cadmium include a rapid absorption by
the body and a biologic half-life of 10 to 30 years. Cadmium
has mutagenic and carcinogenic properties, and it tends to
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accumulate in the liver, kidneys, spleen, brain, and reproductive
organs [1-3]. This metal causes itai-itai disease, manifested
by bone softening, calcification, kidney pyelonephritis, and
disruption of iron and calcium metabolism [4-7]. Despite the
variety of scientific publications on the influence of cadmium
on postnatal development in humans and animals, the effect of
this metal on embryogenesis has not been sufficiently studied
[8-10].

Cadmium affects the accumulation and distribution of other
chemical elements. It has been experimentally proven that
cadmium is a biological antagonist of zinc; therefore, its toxicity,
absorption, and distribution in the body may be influenced by the
content of zinc [11]. In this study, we aim to analyze the effects
of cadmium toxicity on developing rat fetuses in the womb,
when exposed to different metals and factors which interact
with cadmium. The goal of this original article is to provide
insight into the effects of cadmium toxicity on embryogenesis
and to assess potential factors which may serve as additional
avenues for safe treatment options.

Materials and Methods.

A total of 100 adult pregnant female Wistar laboratory rats
and 853 rat fetuses were analyzed in the study. The animals
were kept in the vivarium of Dnipro State Medical University
under natural light, with free access to food and water. Animal
procedures at all stages of the study were performed in
compliance with generally accepted bioethical principles of the
Declaration of Helsinki of the World Medical Association.

Selection of female rats to the control and experimental groups
was carried out in a random order. All animals were divided into
five groups, and each group consisted of 20 rats. In Experimental
Group 1 (EGI1), animals received an isolated solution of
cadmium chloride at a daily dose of 1.0 mg/kg. In Experimental
Group 2 (EG2), animals received cadmium chloride solution at
a daily dose of 1.0 mg/kg in combination with cerium citrate
solution at a concentration of 1.3 pg/kg. In Experimental Group
3 (EG3), animals received cadmium chloride solution at a daily
dose of 1.0 mg/kg in combination with zinc citrate solution at
a concentration of 1.5 ng/kg. In Experimental Group 4 (EG4),
animals received cadmium chloride solution at a daily dose of
1.0 mg/kg in combination with nanocomposite (iodine, sulfur,
and selenium citrate solution) at a concentration of 2.0 pg/kg
. In the control group, animals received distilled water in an
equivalent volume.

Rats in each experimental group were further divided into two
subgroups. Ten females received operational intervention at a
gestational period of 13 days, and the remaining ten females
received operational intervention at a gestational period of 20
days. Pregnancy in Wistar Rats lasts around 21-23 days, and the
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majority of internal organ growth occurs between 17- and 21-
days gestational age. Changes seen on 20th day of embryogenesis
thus demonstrate the result of the long-term effects of cadmium
intoxication [12,13]. Internal organs and fetuses were examined
and analyzed.

Embryological analysis included counting the number of
corpora lutea, implants, live embryos, and dead embryos. Based
on these data, pre-implantation losses, post-implantation losses,
and total implantation losses were calculated (Appendix A).

Determination of cadmium and zinc metabolism in tissues
of embryos was performed by atomic emission spectroscopy.
The samples were measured at the Ukrainian Research Institute
of Transport Medicine. The atomic emission spectrometer
Emas-200 CCD was used for quantitative measurement of
metal content in the samples. The direct current utilized was
15 amperages. Quantification of cadmium and zinc in the
examined objects was carried out at wavelengths of 228.802
nm and 213.856 nm respectively. Analyses of accumulation of
cadmium as a marker of cadmium intoxication and the level of
zinc as a marker of cadmium antagonism were conducted.

The statistical analyses of the results were performed using the
Statistica 12 software program. Results are presented as mean
+ S.E.M. The data were analyzed using the Kruskal-Wallis test
and the Mann-Whitney U-test. All statistical significance levels
were set at alpha of 0.05.

Results.

Experimental study results revealed a negative effect of
cadmium chloride on embryogenesis. In female rats that received
an isolated cadmium chloride solution during pregnancy, fetal
asymmetry and fetal resorption were noted (Figure 1).

&)

Figure 1. (A) asymmetry of the fetal position in one corner of the uterus
and fetal resorption, indicated by the arrow (B).

At 13 days gestation, the mean number of live fetuses per
female in EG1 decreased by 24.04% (p=0.0002) compared
to the control group. A similar pattern was observed in the
groups exposed to combination of cadmium chloride with metal
citrates. Compared to the control, at 13 days gestation, the mean
number of live fetuses per female decreased by 7.70% (p=0.11)
in EG2, 4.80% (p=0.13) in EG3, and 11.54% (p=0.005) in EG4.
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On the 20th day of gestation, the mean number of live fetuses
per female decreased by 25.92% (p=0.003) in EGI, 14.81%
(p=0.03) in EG2, 6.48% (p=0.36) in EG3, and 5.56% (p=0.38)
in EG4, compared to the control group. Therefore, when
cadmium chloride was administered with metal citrates, there
was an increase in live fetuses compared to cadmium chloride
alone (Figure 2).

cadmium chloride and nanocomposite =
cadmium chloride and zinc citrate ol
cadmium chloride and cerium citrate
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Figure 2. Mean + S.E.M of live fetuses per female, on the 13" day
(vellow) and 20" day (blue) of embryonic development in the control
and experimental groups.

Our research shows that cadmium chloride administration
without metal citrates increased the cadmium levels by 15.8
times (p=0.0002) and increased zinc levels by 1.3 times
(p=0.0002) in the embryos at 20 days gestation, compared to the
control group. In the experimental groups of cadmium chloride
in combination with metal citrates, cadmium levels increased
12.3 times (p=0.0002) in EG2, 12.3 times (p=0.0002) in EG3,
and 14.0 times (p=0.0002) in EG4, compared to the control
group (Figure 3).
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Figure 3. Mean £ S.E.M. of cadmium (4) and zinc (B) accumulation
levels in rat embryos of experimental groups on the 20" day of

embryogenesis.

The lowest mean number of corpora lutea per one female was
observed with administration of cadmium chloride alone, both
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on the 13th day (10.00+0.27) and the 20th day (10.30+0.27) of
embryonic development respectively, but the results were not
statistically significant (Figure 4).

cadmium chloride and nanocomposite
cadmium chloride and zinc citrate
cadmium chloride and cerium citrate
cadmium chloride

control

m 20 days 13 days

Figure 4. Mean + S.E.M. of corpora lutea per a female, on the 13" and
20" days of embryonic development in the control and experimental

groups.

The results of this study indicate a pronounced embryotoxic
effect of cadmium chloride at a dose of 1.0 mg/kg/day, which led
to a significant increase in total implantation losses compared to
the control group in both studied gestational periods. By the 13th
day of embryogenesis, total implantation losses increased 4.2-
fold (p=0.0003) in EG1 compared to the control. In the groups
of combined exposure to cadmium chloride and metal citrates,
total implantation losses also increased compared to the control.
At 13 days gestation, total implantation losses increased 2.6-
fold in EG2 (p=0.02), 2.6-fold in EG3 (p=0.02), and 3.8-fold
in EG4 (p=0.003), compared to the control group. On the 20th
day of embryogenesis, total implantation losses increased 3.7-
fold in EG1 (p = 0.0004), 2.5-fold in EG2 (p=0.004), 2.3-fold in
EG3 (p=0.03), and 2.7-fold in EG4 (p=0.06), compared to the
control. When cadmium chloride was administered with metal
citrates, less total implantation losses were observed compared
to cadmium chloride administered alone, at both day 13 and day
20 of embryogenesis (Figure 5).

cadmium chloride and nanocomposite I
cadmium chloride and zinc citrate  EE—————————
cadmium chloride and cerium citrate E—————
cadmium chloride EEE——
contro] WSS
m20days 13 days 0 0.05 0.1 0.15 0.2 0.25

Figure 5. Mean + S.E.M. of total implantation losses on the 13" day
(vellow) and the 20" day (blue) of embryonic development in the

control and experimental groups.

In rats exposed to cadmium chloride alone, by 13 days
gestation, pre-implantation losses increased  6.5-fold
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(p=0.0002), and post-implantation losses increased 3.0-fold
(p>0.05) compared to the control. By 20 days gestational age,
in the cadmium chloride exposure group, pre-implantation
losses increased 14.0-fold (p=0.0002), and post-implantation
losses increased 2.5-fold (p>0.05) compared to the control
group. At 13 days of embryogenesis, EG2 had a 3.00% decrease
(p>0.05), EG3 had a 30.78% decrease (p=0.01), and EG4 had a
30.77% increase (p>0.05) in pre-implantation losses compared
to cadmium chloride alone. Post-implantation losses at 13 days
gestation decreased 2.3-fold (p>0.05) in EG2, decreased by
66.67% (p>0.05) in EG3, and decreased by 77.78% (p>0.05)
in EG4, compared to cadmium chloride alone. By 20 days of
embryogenesis, EG2 had a 10-fold decrease (p =0.05), EG3 had
a 42.86% decrease (p=0.13), and EG4 had a 21.43% (p=0.03)
decrease in pre-implantation losses compared to cadmium
chloride alone. Post-implantation losses at 20 days gestation
decreased 1.3-fold in EG2, decreased by 50.00% (p>0.05) in
EG3, and decreased by 60.00% (p=0.04) in EG4, compared to
cadmium chloride alone (Figure 6 and Figure 7).
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Figure 6. Mean = S.E.M. of pre-implantation loss on the 13" day
(vellow) and the 20" day (blue) of embryonic development in the
control and experimental groups.
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Figure 7. Mean + S.E.M. of post-implantation loss, on the 13" day
(vellow) and the 20" day (blue) of embryonic development in the
control and experimental groups.

Discussion.

Cadmium is one of the most toxic heavy metals. Due to
bioaccumulation, its potential toxicity can have negative effects
on humans and animals. All cadmium compounds are poisonous,
and the accumulation of this metal in different organs depends on
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the way it enters the body, orally or by inhalation. Cadmium can
form biological complexes with metallothioneins and disrupt
reduction and oxidation processes. One of the primary biologic
responses to cadmium is the activation of free-radical lipid
peroxidation processes, the end products of which are aldehydes
and ketones, which both have toxic effects. As a result, the
activity of membrane-bound enzymes, ion transport, and cell
membrane permeability are impaired. Hypoxia develops, blood
oxygen transport is disrupted, and hemoglobin levels decrease.
Thus, cadmium can cause imbalance of enzyme systems in the
cell, which leads to changes in cell homeostasis. In the event of
acute intoxication, the lungs, liver, kidneys, and reproductive
organs are primarily affected. Cadmium compounds negatively
impact female fertility, oocyte maturation, pregnancy, and
formation of the fetus [14-18]. In rats, the sensitivity of the
“mother-fetus” system to the toxicant varies and is related to the
duration of exposure.

It should be noted that cadmium chloride intake during the
first days of pregnancy in rats leads to an increase in fetal death
due to pre-implantation losses, as shown in previous literature
[19]. These findings support the idea of the presence of defense
mechanisms that act against destabilizing factors introduced
prior to implantation, as it is energetically advantageous for rats
to abort the fetuses in the initial period of pregnancy rather than
in later periods of gestation. In addition, the results obtained
during our research suggest a pronounced embryotoxic effect of
cadmium chloride at a dose of 1.0 mg/kg/day, which is illustrated
by a significant increase in the pre-implantation losses, post-
implantation losses, and total implantation losses, as well as
a decrease in implants and number of live fetuses per female,
compared to the control group in both studied gestational terms.

The mechanism of cadmium toxicity is believed to be a result
of interactions with multiple biological and oxidative processes,
such as through enhancement of the production of oxidative
free radicals wupon inhibition of manganese-superoxide
dismutase and copper/zinc-dismutase [20]. Although cadmium
interacts with many heavy metals including calcium, copper,
iron, selenium, and zinc, the relationship between cadmium
and zinc is more commonly noted due to their similarities as
well as nutritional deficiencies in zinc. In our research, when
combined with the citrates of zinc, cerium, and selenium-based
nanocomposite, the toxic effects of cadmium chloride were
decreased, as visualized by a reversal of these parameters,
indicating a potential antagonistic mechanism. When zinc citrate
was added to cadmium chloride, a resultant increased number
of live fetuses and decreased number of total implantation
losses were visualized. The addition of either cerium citrate or
nanocomposite boasted similar effects as zinc citrate, indicating
a similar mechanism against cadmium. Differences among these
groups were not significant enough to discuss.

Previous literature has discussed tobacco smoking as the most
common cause of cadmium exposure in humans, although
other sources may be through contaminated food and water as
well as through certain manufacturing industries in developing
countries. However, during pregnancy, cadmium absorption
from dietary sources increases, and nutritional deficiencies in
other heavy metals, notably iron and zinc, exacerbate its toxic
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profile [21]. Smoking and increased dietary cadmium intake in
pregnant mothers are associated with increased cadmium levels
in the placenta, which correlate with increased miscarriage and
fetal death [21,22]. It has been shown in previous research that
zinc and magnesium are two important trace minerals that can
treat cadmium toxicity and reverse damage. In medical practice,
common chelating agents such as EDTA, penicillamine,
dimercaprol, and others have been used in attempts to treat
cadmium toxicity, but adverse effects and minimal human
research has led to insufficient evidence to justify any chelator
as the best form of treatment at this point in time [23]. Currently,
the best-known intervention for pregnant patients with cadmium
exposure is through prevention of exposures, which requires
community-wide and environmental interventions. Moreover,
there is little knowledge on the ability to reduce cadmium
absorption after smoking or other forms of inhalation [24].

Before the onset of our study, there was minimal known
research describing the effects of metal citrates on the recovery
of fetal and placental cadmium toxicity. Our research indicates
that in rats exposed to cadmium levels indicative of toxic
effects, the addition of zinc citrate, cerium citrate, and selenium-
based nanocomposite can lead to salvageable effects on the
developing fetus. Assuming direct extension of these results
to the human population, administration of these metal citrates
or nanocomposites in pregnant patients with dietary cadmium
toxicity could lead to decreased chance of miscarriages and fetal
cadmium exposure.

Recent literature has shown that selenium nanocomposites
are exciting forthcoming modalities in the field of toxicology
that have been shown to have protective roles in drug toxicities,
cancer, infections, neurodegenerative disorders, and diabetes
[25]. Cerium nanocomposites are also notable mainly for their
robust antioxidizing profile, while currently claiming minimal
toxicity [26]. There is much to learn through further research
on how metal citrates and nanocomposites may influence
biological effects of heavy metal toxicities and how they may
be implemented in future medical practice.

Conclusion.

As aresult of this study, intragastric administration of cadmium
chloride at a dose of 1.0 mg/kg/day to Wistar rats throughout the
first 13 days of gestation was found to lead to a significantly
decreased number of live fetuses and a significantly increased
amount of pre-implantation, post-implantation, and total
implantation losses. Through 20 days gestation, the results also
showed a significant decrease in number of live fetuses and a
significant increase in pre-implantation, post-implantation, and
total implantation losses in rats exposed to cadmium chloride
alone. Exposure to cadmium chloride combined with metal
citrates improved all the studied parameters compared to the
isolated exposure to cadmium chloride. Thus, each combination
of cerium, zinc, and nanocomposite citrates demonstrated
a compensatory effect on all measures of embryogenesis
impacted by cadmium embryotoxicity. According to the results
of this experiment, administration of the citrates of cerium, zinc,
and nanocomposite reduces cadmium embryotoxicity and its
accumulation in the body.
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Appendix A

Formulas:

Pre-implantation losses (%) = ((No. of corpora lutea — No. of
implants)/No. of corpora lutea) x 100.

Post-implantation losses (%) = ((No. of implants — No. of live
embryos)/No. of implants) x 100.

Total implantation losses (%) = ((No. of corpora lutea — No. of
live embryos)/No. of corpora lutea) x 100. [27].
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