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The purpose of this study was to investigate the effect of supplementation with organic zinc,
manganese and chromium in the form of liposomal complex on the fertilizing ability and the level of
antioxidant responses of female rabbits. Feeding of female rabbits with supplementation of organic
forms of trace elements prior to insemination resulted in increase the numbers of corpora lutea,
implantation and living fetuses compared to the control group. Moreover, there were the 4,37% and
1,74% decrease in pre- and post-implantation losses in animals receiving the organic microelements
prior to insemination, respectively. The level of thiobarbituric-acid-reacting substances in ovary of
experimental group was significantly higher (P < 0.05) compare to the control group, while the level
of lipid hydroperoxides in experimental group was decreased. In the uterus of rabbits after addition
organic compound of trace elements significantly decreasing the thiobarbituric-acid-reacting
substances level was by compare to the control animals (P < 0.001). The level of the superoxide
dismutase activity in uterus and ovary of female rabbits in the experimental group were significantly
higher than in the control group (P < 0.01). Our studies indicated that supplementation organic
microelements in liposomal form to the basal diet for 2 weeks before insemination had a beneficial
effect on the metabolism intensity and maintaining antioxidant-prooxidant balance in reproductive
organs that improve fertilization and embryo implantation.
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Modern rabbit breeding is based on high-
intensity using of females because the does
are being inseminated every 35 or 42 days.
In such a system, the females need a large
of energy [1]. Reduction in fertility, may
occur as a result of poor nutrition, bad feed,
incorrect lighting program, suckling a large
litter, health problems, moulting, etc. [2].
Deficiency in the nutrient supply during
pregnancy has been highlighted as a dominant
cause of developmental programming. Manal
et al. found that timing of feed restriction is
important for reproductive performance in
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rabbits [3] and also it in late pregnancy have
led to increasing mortality of new-born rabbit
kits [4]. In accordance with the previous
researchers, Goliomytis et al. found that
maternal feed restriction during gestation
had an adverse effect (P < 0.05) on ratio of
stillborn kits and significantly increased
mortality rates [5]. Forages are the main
source of trace elements for the rabbits, but
its contents in forages are very variable; so
when the mineral supplementation level is
insufficient, reproductive problems may be
occur.
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Among of all trace minerals, zinc,
chromium, and manganese are accumulated
in the highest concentration in the conceptus,
as compared to other reproductive tissues,
which suggests that they play a significant
role in fetal development and survival [6].
Furthermore, some research results suggest
that feeding proteinated zinc, chromium and
manganese to gestating females increases
reproductive performance presumably because
of their improved bioavailability [6]. However,
the maternal-fetal transfer mechanisms of
these micronutrients are not well understood.
Micronutrient transport mechanisms for the
conceptus are developed during the first half of
pregnancy and nutrient transport is probably
active rather than passive across the maternal-
fetal blood barrier with specific receptors on
endometrial and conceptus tissues [7].

Maternal zinc deficiency may compromise
infant development and lead to poor birth
outcomes. The trace elements status in
general and zinc in particular of new-born
depends on maternal transfer via the placenta,
the colostrums or the milk [8]. Zn levels in
fetuses are 1.7 to 8.7 times greater than in the
endometrium and ovaries at 12 to 30 days of
development [9]. Fetal storage of Mn and Cr
were dependent on maternal dietary intake.
Likely they play a role in fetal bone formation
and may initiate estradiol secretion by the
conceptus for pregnancy recognition and
perhaps in progesterone.

Pregnancy is characterized by physiolo-
gical changes in antioxidant systems.
Oxidative stress play a role in remodeling of
uterine tissues, implantation of the embryo,
settlement of the villi and development of
blood vessels characteristic of gestation [10].
Deficiencies of the vitamin and trace elements
can lead to exaggerate oxidative stress and can
induce the adverse effects on the health of the
mother and on the development and viability of
the new-born.

The aim of this study was to evaluate
the effect of supplementation with organic
form of zinc, manganese and chromium in
liposomal to the basal diet on the 14" day prior
to insemination on the level of antioxidant
responses and reproductive function of females
rabbits during the early stage of pregnancy.

Materials and Methods

The study was conducted on females rabbits
divided into two groups: the control group and
experimental group. The control group was fed
the basal diet while the experimental group was

supplemented with Zn glutamate (35 ng/kg),
Mn glutamate (32 ng/kg), Cr methionate
(60 ng/kg), Se (20 pg/kg) with vitamins
E (20 mg), A (30 000 IU), D (40 000 IU)
two weeks before insemination. All group
of animals were artificially inseminated
with appropriate hormonal treatment. We
used 40 IU PMSG (Pregnant Mare Serum
Gonadotropin, Follimag, Intervet, Holland)
for synchronized cycle (injected 48 h before AI)
and 20 ng/doe GnRH (Gonadotropin-releasing
hormone) (Fertagil, Intervet, Holland) for
induction of ovulation (injected at the moment
of insemination). Rabbits were fertilized
intravaginally of 10x10° spermatozoa,/ doe in
0.5 ml tris-citrate diluents.

On day 14'" of gestation rabbits were
euthanized with an overdose of sodium
pentobarbital, and the ovaries were removed
for evaluation the number of corpora lutea.
Gravid and non-gravid uterine horns were
weighed and the number of dead and live
fetuses, number of implantations and
resorptions in the uterine horns were recorded.
Implantation index [(No of implants/No of
corpora lutea) x 100], preimplantation losses
[(No of corpora lutea — No of implants)/No
of corpora lutea] x 100 and postimplantation
losses [(No of implants — No of viable fetuses)/
No — of implants] x 100 were also evaluated.

The procedures and use of the animals
in this experiment were approved by the
Institution Ethical Committee on the policy
statement for care and use of laboratory
animals. The rabbits were housed in individual
cages, maintained under controlled light/
dark cycles (12L:12D) and fed ad libitum with
a commercial pelleted diet and to water via an
automatic water supply system.

The tissues samples (uterus and ovaries)
were collected for determining antioxidant
enzyme activities and levels of lipid and
protein peroxides. Each uterus and ovarian
sample was homogenized in cold Tris-HCI
buffer (100 mM, pH 7.4) to obtain a 10%
(w/v) tissue homogenate. The homogenate
was then centrifuged at 5 000 xg for 15 min.
Each supernatant was collected and stored
at —20 °C until use. The protein content of
each sample was determined using Bradford
method (1976) and bovine serum albumin as
the standard. An aliquot of the homogenate
was used to determine the lipid peroxidation
reactions of the sample by measuring the
concentration of thiobarbituric-acid-reacting
substances (TBARS), carbonyl groups as an
indication of oxidative damage to proteins, as
well as superoxide dismutase (SOD), catalase
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(CAT), lipid hydroperoxides. All enzymatic
assays were carried out at 25 = 0.5 °C using
spectrophotometer SF 46 (Carl Zeiss Jena,
Germany). Each sample was analyzed in
triplicate.

Lipid peroxidation level was determined
by quantifying the concentration of TBARS,
expressed as pmol of malondialdehyde (MDA) per
mg of protein, according to Kamyshnikov [11].
The TBARS level was expressed in pmol MDA
per mg protein by using 1.56:10° mM ‘cm™ as
molar extinction coefficient.

Lipid hydroperoxides (LHP) assay was
developed by modifying the FOX methods
described by Wolff (1994) involves the
oxidation of Fe? by peroxides at low pH in
the presence of both the ferric-complexing
dye xylenol orange and sucrose, the amplifier
of the reaction. The method proved to be a
convenient, simple and efficient assay for the
direct measurement of both water and lipid
soluble peroxides. In fact it improves by about
60% the sensitivity of the FOX1 method for
water soluble peroxides, and by 7—-8 times
than of the FOX2 method for lipid soluble
peroxides. It allows the detection of 0.1 nM
peroxide in the test solution. The method is
suitable to measure the lipid hydroperoxides
present in phosphatidylcholine liposomes and
in human LDL. The data obtained allowed us to
define a mathematical expression to calculate
the lipid hydroperoxide content of liposomes
knowing their oxidation index [12].

Diene conjugates (DC) were evaluated by
measuring the optical density of the lipids
at 232 nm on the SF-46. Lipids were read in
cyclohexane (0.2—-0.3 mg/ml) and the optical
density (OD). OD/mg lipid was calculated.
Lipid content of samples was measured by
Chiang [13].

Superoxide dismutase (SOD, E.C. 1.15.1.1)
activity was measured with the method by
Kostiuk et al. [14]. SOD activity was assessed
by its ability to dismutate superoxide produced
during quercetin auto-oxidation in an alkaline
medium (pH=10.0). Absorbance at 406 nm
was measured immediately and after 20 min.
Activity is expressed in units of SOD per mg of
tissue protein.

Catalase (CAT, E.C. 1.11.1.6) activity
was determined by measuring the decrease
of Hy,O, in the reaction mixture using a
spectrophotometer at the wavelength of
410 nm by the method of Koroliuk et al., 1988
[15]. The absorbance of solution was measured
at 410 nm and was compared with that of
the blank. One unit of catalase activity is
defined as the amount of enzyme required for
decomposition of 1 nymol H,0, per min per mg
of protein.

Tests were repeated three times for every
type of the samples. The results were presented
as mean = standard deviation. Differences
between groups were determined by Student
t-tests.

Results and Discussion

The different reproductive performance
parameters like corpus lutea, number of
implantation and fetuses, resorptions sites,
fertility rates were detected in the group
supplemented with organic trace elements in
liposomal form for 2 weeks before insemination
and in control (Table).

The data analysis showed that the numbers
of corpora lutea, implantation and living
fetuses in the experimental group increased in
comparison with the control one. The values of
resorption in the female rabbits treated with

Effect of liposome preparation on reproductive performance of female rabbits

Parameters Control group Experimental group
Number of corpus lutea 10.4+0.4 11.0+0.45
Number of implantation sites 9.4+0.4 10.6+0.74
Total Live Fetuses 8.6=0.4 9.8+0.49
Number of resorptions sites 0.4+0.24 0.2+0.24
Pre-implantation losses (% ) 13.46 9.09
Post-implantation loss (% ) 4.44 2.70

Total gestational losses 17.31 10.91

Note. The results are represented as M += m for 5 rabbits in each group.

For all values P > 0.05 compared to control, n = 5.
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liposomal preparation were by 2-times lower
as compared to the control group. While the
pre- and post-implantation losses decreased in
liposomal treated group.

The decrease of gestational losses in this
study is the result of supplementation with
organic zinc, manganese and chromium in
liposomal form before insemination which
induces nutrient supply to the fetuses. In a
similar study, Stanton et al. [16] observed
higher pregnancy rate in cows receiving
organic Cu, Zn, and Mn vs. the inorganic
forms.

The correlation between nutrition
and reproductive performance has been
investigated in different animals. Phiri E.
C. J. H. et al. [17] found that ewes receiving
zinc supplementation had a higher fertility
rate and were more prolific (89% vs. 40%).
Also, Tang Xiao-lin et al. [18] compared the
effects of chitooligosaccharide-zinc (COS-Zn)
as a new organic zinc source with zinc sulfate
on the growth and reproductive performance
of female mice and found that the utero-
ovarian index and the number of embryos were
significantly increased in COS-Zn group (P <
0.05).

In some studies it has been indicated that
changes in mineral metabolism could have a
harmful effect on fetal growth [19, 20]. For
example, zinc element of mothers affects
fetal growth, levels of serum Insulin-like
Growth Factor I and leptin [21]. In addition,
another systematic review showed that
zinc supplementation during pregnancy is
associated with a 14% reduction in premature
deliveries [22].

In Fig. 1, the changes in the intensity of
peroxidation processes after supplements
of organic forms of trace elements in the
reproductive organs of rabbits were determined.
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Fig. 1. Effect of organic microelements
in liposomal form on the level of oxidative stress
biomarkers in the ovarian of rabbits
* — P <0,05 compared to control, n = 5.

The level of TBARs in ovary of
experimental group was significantly higher
(P £0.05) as compared to the control group,
while the lipid hydroperoxides level was
decreased in experimental group (Fig. 1).

In the uterus of rabbits after addition
of organic compound of trace elements
significantly decreasing of TBARs level was
compared to that parameter in the control
animals (P < 0,001) (Fig. 2). Content of diene
conjugates also was lower in the experimental
group. While the level of lipid hydroperoxides
in experimental group was significantly
increased after adding of preparation, as
compared to the control group.

The improvement of reproductive
performance in our current results for the
group supplemented with organic forms of
trace elements as compared to the control were
accompanied by using liposomal emulsion
with trace elements in organic form during
the fertilization period of rabbits. So that, for
instance, Mn?" inhibits the free radical chain
which follows the formation of hydroperoxides
and that lead to the formation of MDA. It has
been reported that Mn2+ is able to reduse the
lipid free radicals (RO and ROO) making them
unable to carry on the process of LPO [23].

During the embryo implantation, the
increased fluidity in the membranes of
endometrial cells is caused by a slight increase
in lipid peroxidation, aids the fusion of
the trophectoderm with the endometrial
cells [24]. It has been suggested that Mn2*
supplementation inhibits LPO, thus increasing
the membrane integrity and wviability,
which are required for storage of lipids and
phospholipids [25]. It has been reported
that Mn?" protects placental membrane
from peroxidative damage produced by the
superoxide radicals (O 27) [26].
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Fig. 2. Effect of organic microelements
in liposomal form in the TBARS, LHP and DC in
the uterus of rabbits
Here and after: *** — P<0.01, ** — P<0.001
compared to control, n = 5.

53



BIOTECHNOLOGIA ACTA, V. 11, No 4, 2018

35
30

Ll

Control  ®Experimental
25 =

20
15 i 2]
il :

SOD, Uxmg- | CAT, pmolmin SOD, Uxmg- | CAT, pmol/min
1protein mg 1protein mg

Ovarian Ovarian Uterus Uterus

Fig. 3. Effect of organic microelements
in liposomal form on SOD and CAT activity
in the ovaries and uterus of rabbits

Several studies have indicated that
antioxidative defense is modified during
normal pregnancy [27]. It is worthwhile to
mention that the decrease of antioxidant
enzymes level during pregnancy is dependent
on trace elements profile. Accordingly,
addition of organic trace elements in liposomal
form to the basal diets caused activating
effects on antioxidant enzymes superoxide
dismutase and catalase.

The level of the SOD activity (P < 0.01)
in uterus and ovary of female rabbits in
the experimental group were significantly
higher than in the control group (Fig. 3).
The activity of catalase in those tissues of
experimental groups were also significantly
increased, as compared with the control
group (P <£0.01).

Oxidative stress is generated during
normal placental development; however, when
the supply of antioxidant micronutrients is
limited, exaggerated oxidative stress within
both the placenta and maternal circulation
occurs, resulting in adverse pregnancy
outcomes [28]. Manganese and zinc are
essential metal acts as a cofactor of various
enzymatic systems such as SOD and CAT, and
participate in the structure of ceruloplasmin
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MeToio poboTu Oysi0 BUBUEHHS BIJIUBY OP-
TaHiYHUX CIOJYK IMUHKY, MAaHTAHY Ta XPOMY Yy
dopmi JimocomMabHOTO KOMILJIEKCY Ha 3allIif-
HIOBAJIBHY 3JJaTHICTH Ta PiBeHb aHTUOKCUIAHT-
HUX peakIlii caMuIilb KpoJiB. 3roJoByBaHHSA
KPOJUIAM OPraHiuHUX CIOJYK MiKpOoeJleMeHTiB
OigBUINYE KiJIBKICTb YKOBTUX TiJI BATiTHOCTI, iMII-
JIAHTAIifl Ta "KUBUX eMOPiOHiB MOPiBHAHO 3 KOH-
TPOJIbHOIO rpymnol. OKpiMm Toro, y TBapuH, AKi
OTPUMYBAJIM OpPTaHiuHI MiKpoeJieMeHTH IIepe
ociMeHIHHSM, BifjsHaueHO 3HUMXeHHs Ha 4,4% Ta
1,7% mepemiMmIaHTaIiMHUX i MOCTiMIIIaHTAITiI1-
Hux BTpaT. PiBens TBK-akTUBHUX TPOAYKTIB ¥
AE€YHUKAX CAMUILb JOCTiAHOI rpynu OyB BiporigHo
Bumuii (P <0,05), Hi’K y KOHTPOJIBHiN IrpyIri, TOmi
AK BMICT TiIponepoKCHUAiB JiNiiB 3HUIKYyBaBCH.
Y MmarTIiii KpoJunb micjada JogaBaHHA OPraHivHUX
CIIOJIYK MiKpOeJIeMeHTiB iCTOTHO 3HUMKYBaBCH
BMmict TBK-akTUBHUX TPOAYKTiB HOPiBHAHO 3
AHAJOTIYHUM TOKA3HUKOM Y KOHTPOJBHIN rpymi
(P £0,001). AKTUBHICTb CYIIEPOKCUAAUCMYTABU
y MaTIli Ta A€YHUKAX TBApPUH HOCJiLHOI Ipymnu
OyJia BipoTiZJHO BUIIOIO TOPiBHAHO 3 KOHTPOJIEM
(P <£0,01). Hamri mocaimkeHHA mMoKasaiu, IO
JOoaBaHHSA OPTaHIUHUX CIOJIYK MiKpOeJjieMeHTiB
y JimocoMasnbHi (pOpMi 0 OCHOBHOI Ai€eTH BIIPO-
IOBJK OBOX THIKHIB 10 OCiMeHIHHS IO3UTHBHO
BILINBA€ HA iHTEHCUBHICTh OOMiHHUX IIPOIlECiB y
PenpoAYKTUBHUX OopraHax Ta 36epiramusa aHTHU-
OKCUJAaHTHO-IIPOOKCHUIaHTHOI piBHOBAru, IO II0-
Kparliye 3alIifHIOBAHIiCTh Ta iMmIaHTaIio emMmo-
pioHiB.

Knwuoei cnosa: opraniuni ¢oopMmu MikpoeseMeH-
TiB, cAMUIIi KPOJIiB, aHTUOKCUAAHTHI peakIii.
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ITenbro paboOTHI OBLIO M3yUEHNE BIUIHUS OP-
TraHUYEeCKMUX COoeqWHEHHUI IMUWHKA, MapraHia u
xpoMa B (hopMe JIMIIOCOMATIHLHOTO KOMILJIEKCca Ha
OILIIOOTBOPSIOIIYIO CIIOCOOHOCTD X YPOBEHb aHTH-
OKCHUJAHTHBIX PeaKInii caMOK KPoJuKoB. CKapm-
JITBaHUE KPOJbUYNXaM OPTaHUUYECKUX COeqUHEeHU
MUKPO3JIEMEHTOB MOBBIIIIAET KOJIUUECTBO 2KeJIThIX
TeJ 6epeMeHHOCTH, UMILJTAHTAIuHN U JKUBBIX d9MO-
PHUOHOB II0 CPABHEHHUIO C KOHTPOJbHOM I'PYIIIION.
Kpowme Toro, y }KMBOTHBIX, IIOJYUYABIINX OPTaHU-
yecKkue (opMbI MUKPOIJIEMEHTOB Iepes oceMeHe-
HMUeM, OTMeYeHO cHuKeHue Ha 4,4% u 1,7% mpe-
OUMILTAHTAIIMOHHBIX W TMOCTUMIIJIAHTAIIMOHHBIX
morephb. YpoBeHb TBK-aKTUBHBIX IPOAYKTOB B
AWYHUKAX JKUBOTHBIX ONBITHOMN I'PYIIIBI OBLI JO-
croBepHo BbIIe (P < 0,05) mo cpaBHEHUIO ¢ KOH-
TPOJIEM, B TO BpeMs KaK COJep:KaHre I’IAPOIIePOK-
CHUIOB JUNUIOB CHUKAJIOCh. B MaTKe KPOJIbUUX
mocJie J00aBJIeHUs OPTaHUYECKUX COeNUHEHU
MHUKPOBJIEMEHTOB CYIIIeCTBEHHO CHUIKAJIOCH COZleP-
skaume TBK-aKTUBHBIX TPOAYKTOB IO CPABHEHUIO
C aHAJIOTUYHBIM ITIOKAas3aTesieM KOHTPOJIbHBIX JKH-
BoTHBIX (P <0,001). AKTUBHOCTD CYIIEPOKCUIIIC-
MyTa3bl B MaTKe U ANYHUKAX KPOJbUYUX OIBITHOM
TPYIIIEI ObLJIa TOCTOBEPHO BBIIIE II0 CPABHEHUIO C
kouTposeM (P < 0,01). Hamru ucciegoBaHUs TIO-
KasaJyu, 4To foOaBJieHNe OPTaHMUECKUX COeqUHe-
HUU MUKPO3JIEMEHTOB B JIUIIOCOMAJIBHOMI (popMe K
OCHOBHOI ieTe B TeUeHUe ABYX HeIesb 0 oceMe-
HEHUs MOJIOKUTEJTbHO BIUSIEeT Ha MHTeHCUBHOCTD
00MEHHBIX IIPOIECCOB U COXPaHeHUe aHTHUOKCHU-
IaHTHO-IPOOKCUJAHTHOTO PABHOBECUA B PEIIPO-
IYKTUBHBIX OpraHax, YTO YJIYUYIIIaeT OILJIOJLOTBO-
peHue 1 UMILIAHTAI[UIO0 SMOPHUOHOB.

Knrouesvie cnosa: opranndeckue GOPMbI MUKDO-
2JIEMEHTOB, CAMKHU KPOJUKOB, AaHTHOKCHUIAHTHEIE
pearnuu.





