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BITPNDIKALIA EMBPIOHIB MI/ILIJEI7I__HA CTALIl NPOHYKNEYCIB NPU BUKOPUCTAHHI
PIBHUX KPIONPOTEKTOPIB TA IX 30ATHICTb 1O NOAAINbLLUOIO PO3BUTKY
HA KYJIbTYPI KNITUH AMLENPOBOAIB A0 BJIACTOLIUCTU

HaeedeHo pe3ynbmamu docnidxeHb 3 KpiokoOHcepayeaHHs1 eMbpioHie muweli Ha cmadii npoHykneycie memodom eimpudbikayii Ha meepdili nose-
PXHi i3 sUKOpPUCMaHHSIM Pi3HUX Kpionpomekmopie ma oyiHeHo ix xumme3damHicms i nodasnbwuli PO38UMOK in vitro nicsiss deKoHcepay8aHHSI.
Kmoqoei cnioea: eimpucpikayisi, em6pioHie Muwet Ha cmadii npoHykneycis, KnimuHu sliyenpoegodie
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BUTPUOUKALINA SMBEPNOHOB MbILLUEA HA CTAAUU NMPOHYKINEYCOB
NMPN NCNOJIb3OBAHUU PA3INUYHbLIX KPUOMPOTEKTOPOB 1 NX CNOCOBHOCTb
K OANTbHEMLLEINO PA3BUTUA HA KYJNIbTYPE KINETOK AULENPOBOAOB K BJIACTOLUCTDI

lMpueedeHbl pe3ynbmamel ucciedosaHuli N0 KPUOKOHCEP8UPOBaHUU 3MGPUOHO8 Mbiweli Ha cmaduu NPOHYK/Ieycoe MemodoM eumpucgbuka-
yuu Ha meepdoli No8epXHOCMU C UCIMOSIb308aHUEM Pa3IuUYHbIX KPUOIMPOIMEKIMOPO8 U OYeHeHa UX XUu3HecrnocobHocmsb u danbHeliwee pazsumue

in vitro nocns dekoHcepeupoeBaHus.

Kmoveenie crioea: sumpudgpukayusi, 3M6puoHoe Mbiweli Ha cmaduu NPOHyKeycos, Knemku Aliyenpogodos.
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DISORDERS OF ANTENATAL AND POSTNATAL DEVELOPMENT
IN LONG-TERM ALCOHOL EXPOSED MALE WISTAR RATS' OFFSPRING

It was established increase of CYP2E1 mRNA expression in rats' testes under chronic 15% ethanol solution administra-
tion. In addition, study results suggest significant alteration of locomotor and emotional reactivity in offspring of chronically al-
cohol-treated males as compared with control. Decrease of horizontal, vertical and exploration activities were recorded. Thus, a
direct relationship between paternal alcohol exposure and offspring health and behaviour exists.

Keywords: CYP2E1 mRNA expression, rats’ testes, ethanol.

It is well-known that chronic alcohol dependence
causes testicular abnormalities and sexual dysfunctions
both in humans and animals [1, 2]. Studies that included
alcohol as a subject of investigation point to alcohol
negative effect on all three factors that influence the male
reproductive function: hypothalamus-hypophysis-gonads
system, endocrine glands, and hormones [3]. The less
attention has the paternal effects of alcohol-addicted male
on the posterity. Relatively early epidemiological studies
indicate an association between lowered birth weight in
offspring and paternal alcoholism [4]. Adolescent sons of
alcoholics and non-alcoholics were compared on a battery of
intellectual, neuropsychological, personality, and behavioral
measures. The former group demonstrated certain
neuropsychological deficits in perceptual-motor ability, mem-

ory, and language processing [5]. Moreover, adoption
studies suggest positive associations between hyperactivity
and lowered cognitive abilities in offspring and alcoholism in
the biological father but not the adoptive father [6].

It is evident that the human data on preconceptional
alcohol consumption paternal effects are limited. And, what
about the rodents' data, they are insufficient and
contradictory due to great diversity of animal
species/strains and models of alcoholism [7]. Due to these
facts findings from studies in which males consume alcohol
chronically are difficult to interpret, and they are potentially
confounded. Moreover, multiple causal mechanisms for a
paternal effect (including mutagenicity and epigenetic
changes) have been suggested, but none seems
satisfactory to explain all findings [7].
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Based on this information and considering that
alcoholism is chronic disease highly prevalent in the world
population, the present work reports the effects of long-
term preconceptional 15% alcohol consumption by male
Wistar rats on the testicular CYP2E1 gene expression
level, as well as antenatal and postnatal development of
these males' offspring. It should be noted that testicular
CYP2E1 has attracted your attention, first of all, because
this isoform could be involved in production of metabolites
with genotoxic properties inducing germ cell mutations and
having adverse effects on offspring [8].

Material and methods.

Wistar albino male rats, initial body weight of 150 g to
170 g, were used in the study. They were kept under a
controlled temperature (from 22 °C to 24 °C), relative
humidity of 40 % to 70 %, lighting (12 h light-dark cycle), and
on a standard pellet feed diet ("Phoenix" Ltd., Ukraine).

The study was performed in accordance with the
recommendations of the European Convention for the
Protection of Vertebrate Animals used for Experimental
and other Scientific Purposes and approved by the
Institutional Animal Care and Use Committee.

For the experimental (chronic alcoholism) model,
reproducing male rats were selected according to the
method for measuring voluntary alcohol self-administration
in rats, which provides a continuous choice between an
alcohol solution and water (two-bottle preference test) [9].

Ten selected rats were used for chronic alcoholism
modelling by replacing water with a 15 % ethanol solution
during 150 days. The consumption of 15 % ethanol was
measured as ml and was calculated as g x kg'1 X day’1 of
pure ethanol. On this regimen daily ethanol consumption
was in average 10 g x kg'1 X day’1. Ten intact male rats (of
the same age and weight) were used as controls. From the
beginning of the experiment, they were kept in the same
conditions as experimental animals, but were given only
water ad libitum.

Following 150 days of 15% ethanol solution repeated
self-administrations, the males from both groups were mated
with virgin females in proestrus at the ratio 1 male : 2
females. According to generally accepted guidelines for the
fertility study in laboratory rats [10] first day of pregnancy
was established by vaginal cytology (first day of sperm
detection in vagina). Most males were mated within the first
5 days of cohabitation (i.e. at the first available oestrus), but
some of them demonstrated infertility. This fact was taken
into account for evaluation of effect of ethanol on male
fertilizing capacity, which was determined by the index:

number of pregnant females «100%

number of females mated with males

After mating, both the experimental and control male
rats were sacrificed under a mild diethyl ether anaesthesia
by decapitation.

Testes were used for investigation of the expression of
CYP2E1 mRNA by a reversed transcriptase polymerase
chain reaction (RT-PCR). Testes samples (25 mg) were
collected, quickly frozen in liquid nitrogen, and stored at
-80 °C before RNA extraction. The isolation of total mMRNA
was carried out with a TRI-Reagent (Sigma-Aldrich, Ink.,
USA). The integrity and concentration of RNA was
analysed in a 2 % agarose gel. First-strand complementary

DNA (cDNA) was synthesized using a First-Strand cDNA
Synthesis Kit (Fermentas, Germany) according to the
manufacturer's protocol. The reaction mixture contents for
PCR, amplification protocol, and specific primers for the
CYP2E1 gene were chosen according to Lankford [et al.]
[11]. The primer sequences were: sense, 5'-
CTTCGGGCCAGTGTTCAC-3' and anti-sense, 5'-
CCCATATCTCAGAGTTGTGC-3". RT-PCR with primers of
B — actin sense, 5' -GCTCGTCGTCGACAACGGCTC - 3'
and antisense 5' — CAAACATGAT CTGGGTCATCTTCT -
3') was carried out for internal control. All of the primers
were synthesized by "Metabion" (Germany). The MyCycler
termocycler (BioRaD, USA) was used for amplification.
PCR products (CYP2E1-744 bp and B-actin-353 bp) were
separated in a 2 % agarose gel, stained with ethidium
bromide, and visualized under a UV transilluminator
(BIORAD, USA). Data analysis was carried out with
Quantity One Software (USA) and presented in relative
units as CYP2E1 mRNA contents / B-actin mRNA ratio.

Part of females was sacrificed under mild ether
anaesthesia via decapitation on day 20 of gestation for
determination of embrional/fetal development indices. The
numbers of corpora lutea in ovaries, of implantation sites
and of live and dead fetuses in each uterine horn were
counted after laparotomy of pregnant females. Indices of
embryonic death at pre- and postimplantation periods of
development were calculated according to standard
procedures [12, 13].

Part of females was kept until natural delivery for
examination of offspring postnatal development according
to standard procedures [12, 13]. Litter size was evaluated
as the total number of pups in the litter, dead or alive. Sex
ratio was determined as the number of male pups divided
by the number of females in the litter.

The behavioural of offspring was studied in the open-
field and in hole board tests [14]. In the open-field during a
2-min trial the number of sections crossed, vertical
standing positions, defecations (fecal boli) and urinations
were recorded. The open-field was cleaned after every
trial. 3 daily open-field trials were considered appropriate
to test the emotional reactivity.

Numerical data are represented as means + S.E.M.
and were compared using unpaired Student's t-test to find
out the level of significance between control and
experimental data. Differences were considered statistically
significant at p<0.05.

Results and discussion.

Many reviews describe an essential role of cytochrome
P-450 2E1 (CYP2E1) in ethanol-induced toxic effects [15,
16], but interrelations between ethanol-caused testicular
CYP2E1 induction and male reproduction remain out of
sight of most researchers. It must be stressed, that series
of studies clearly demonstrated presence of CYP2E1 in
testis, suggesting its possible role in bioactivation of
chemicals to their toxic metabolites directly in male gonads
[17-19]. In keeping with this idea we performed RT-PCR to
evaluate the effect of chronic alcohol intoxication on
CYP2E1 transcriptional activation in testes.

It was demonstrated that the mRNA expression of
CYP2E1 in alcohol-treated rats' testes was three times as
much as compared with control group (Fig.).
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Figure. CYP2E1 mRNA in alcohol-treated rats'.
Representative electrophoregrams of CYP2E1 (744 b.p) and reference-gene B-actin (353 b.p.) RT-PCR products are shown
in panel A. Average rate of CYP2E1 mRNA expression is shown in panel B, M * S.E.M., n=6

*— P<0.05 in comparison with control

In our opinion activation of CYP2E1-dependent It should be noted that in our experiment we have fixed
metabolizing systems in testes, at least partially, could only slight decrease (15%) of male fertility (table 1). In
determine gonadal toxicity of alcohol. Possibly induction experimental group of 20 mating females 16 became
of CYP2E1 also and may contribute to late paternal pregnant, while in the control group — 19.

effects on offspring.

Table 1 Rats male fertility index following 150 days alcohol consumption

Groups Number of mated females Number of pregnant females Fertility index, %
Control 20 19 95
Chronic alcoholism 20 16 80
Thirteen females from control group and ten — from of postimplantational embryonal and fetal death had no
experimental group were sacrificed on day 20 of gestation differences between groups.
for determination of embrional/fetal development indices. Six The total embryonal/fetal death in alcoholic group
females from each group were kept until natural delivery for increased 22% in comparison with control (table 2).
examination of offspring postnatal development. We found that female fecundity was not significantly
The comparison of embryogenesis indices in experimental reduced by mating with alcohol-treated males (Table 2).
and control groups demonstrated great negative impact of Group differences in litter size for foetuses also were not
long-term alcohol treatment on preimplantational lethality level significant (Table 2).
(table 2), it was 32%, while in control group — 9.6%. The level

Table 2. Effects of paternal alcohol exposure on intact females' fecundity
and embryogenesis/fetogenesis parameters on day 20 of gestation

Indices Groups
Control Chronic alcoholism

Number of pregnant females 13 10
Total number of corpora lutea 146 128
Number of corpora lutea per one female, mean + S.E.M 11.23+0.73 12.80£0.90
Total number of implantational sites 132 87
Number of implantational sites per one female, mean + S.E.M 10.15+0.55 8.70+0.87
Preimplantational loss, abs / % 17 /9.58 41/32.03
Preimplantational loss per one female, mean + S.E.M 1.31+£0.41 4.10+0.88*
Postimplantational loss, abs / % 10/7.58 8/9.19
Postimplantational loss per one female, mean + S.E.M 0.7640.32 0.80+0.36
Total number of living foetuses, abs / % 125/94.69 81/93.10
Number of living foetuses per one female, mean + S.E.M 9.62+0.40 8.10+0.82
Total embryonal/fetal death, % 14.38 36.72

*— P<0.05 statistically significant in comparison with control
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It should be noted that these results seem to contradict
those of Randall [et al.], who have reported no effects on
prenatal mortality observed on day 19 of gestation,
following chronic ethanol treatment of male mice for a
month [20]. But our findings are in good accordance with
another study demonstrating significant increase of total
embryonic deaths following preconceptional alcohol
consumption by male Long-Evans rats [21].

We didn't

indicate

negative effects

of alcohol

consumption on litter size (table 3). Accidents of dead born
were not fixed in the control group, while in experimental
group two accidents were recorded (table 3).

The percentage of males in litters sired by alcohol-
treated males was slightly higher than the percentage
sired by intact fathers, as well as sex ratio index (table 3).

Table 3. Effects of paternal alcohol exposure on some indices of foetuses state in the first day of postnatal development

Indices Groups
Control Chronic alcoholism

Number of pregnant females, abs. 6 6
Total number of fetuses, abs 56 78
Alive fetuses, abs. 56 76
Dead born fetuses, abs. 0 2
Females/males, % 59 /41 56 /44
Sex ratio 0.69 0.78

Important indicator of the newborn is their survival
during the first three weeks of postnatal life, and key terms
for these observations is the 4™, 7", 14™ and 21th days
after birth. The data of table 4 evidence increase of

newborns mortality at 4" and 14" days in alcoholic
offspring. The total mortality in this group within 21 days of
postnatal development was 10% (table 4).

Table 4. Effects of paternal alcohol exposure on newborns mortality (abs./ %)

Terms of observation, days after delivery .
Vi a 14" 27th Total mortality,
Groups Number of new-borns : abs.
abs. abs. abs. abs. (%)
(%) (%) (%) (%)
Control %6 (0 %) (0 %) (0 %) (0 %) (0 %)
. . 2 - 6 - 7
Chronic alcoholism 76 (2.6 %) (0 %) (8,0 %) (0 %) (10 %)
Newborn body weight is important indicator of its state. These data are presented in table 5.
Table 5. Effects of paternal alcohol exposure on newborns body weight
The weight of one litter, g
Groups Number of new-borns 1% 4" 7" 14" 21th
day day day day day
Control 56 5.98+0.15 9.38+0.67 11.61+0.99 21.89+2.20 35.05+4.93
Chronic alcoholism 76 6.56+0.16* 9.71£0.45 14.67+0.96 24.56+0,89 42.50+4.23

It was recorded, that on the first postnatal day the
weight of one litter in alcoholic group significantly increased
as compared with control. In the further terms of
observations the litter weight in this group has no
significant difference with control (table 5).

Normal physical development of offspring is
characterized by timely appearance of certain external

features, which inherent in each individual during postnatal
life. Results on offspring physical development are
presented in table 6. And according to it, prolonged paternal
consumption of alcohol has no significant effects on terms of
appearance of all investigated external features.

Table 6. Effects of paternal alcohol exposure on offspring physical development

Parameters Groups - -
Control Chronic alcoholism
Pinna detachment appearance day 2.1840.06 2.1+0.04
Hair growth appearance day 4.74+0.07 4.78+0.06
Teeth eruption appearance day 6.0+0 6.0£0
Eye opening appearance day 13.6340,08 14.0+0
Testes descent day 23.0+0 23.0+0
Vaginal opening day 31.21+0,12 32.040.15

Offspring, which was obtained from intact females and
alcohol-addicted males, were checked for the essential
reflexes and locomotor development on the first postnatal day
(surface righting, cling, tail pull, rotation, linear movement,
climb, exploration). It was shown that all reflexes in both males
and females pups were within normal limits.

The evaluation of behavioural effects is an important
component in developmental toxicity studies. In the table 7
we represent the results of alcohol-addicted males'
offspring behaviour in the open field in comparison with
control group.
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Table 7. Effects of paternal alcohol exposure on offspring behaviour in the open field (mean * S.E.M.; n=24)

Parameters Groups
Control Chronic alcoholism

Latent period, sec 1,2940,20 1,03+0,30
Horizontal actl_Vlty, perlpheral 92,83+4,60 62,09+6,90*
number of sections | sections
crossed within 3 min central sections 20,50+2,60 12,00+1,40*
Vertical activity, 11,41£0,94 8,40+1,01*
number of rearing within 3 min
Exploration activity, number of looking into holes within 3 min 9,9540,78 6,37+0,82*
Grooming behavior, 1,25£0,17 1,68+0,37
number of reactions within 3 min
Urinations, number within 3 min 1,0+£0,18 0,90+0,13
Defecations, number within 3 min 1,25+0,25 1,1240,19

The present findings suggest significant alteration of
locomotor and emotional reactivity in offspring of chronically
alcohol-treated males as compared with control. Particularly,
in experimental group we recorded decrease of horizontal
(number of crossed peripheral and central sections were
less than in control 32% and 44% respectively), vertical
(26%) and exploration activities (46%). Thus, our data
provide support for relationship between offspring's open
field activity and paternal alcohol intake.

By contrast, E.L. Abel have uncovered opposite
behavioural effects of paternal alcohol exposure. Notably,
18-day-old offspring of male rats intubated with 3 or 2 g/kg
ethanol twice a day for 7 month were more active in the
open field compared with controls, and they took a greater
number of trials to complete a passive avoidance learning
task [22]. Our data on behaviour are more consistent with
another study of the same author demonstrating dose-
dependent decreases in physical activity of alcohol addicted
mice males' offspring at 20 and 24 days of age [23].

Also our results partially are in accordance with other
similar laboratory studies, which have indicated that
exposure of male mice and rats to alcohol has numerous
effects on their offspring, including reduced litter size,
developmental retardation, increased mortality, and
compromised immunity as well as behavioural deficiency,
such as impaired discrimination on spatial tasks and altered
aggressive, risk taking, and anxiety-like behaviour [24-29].
The severity of these effects was related to the duration and
dosage of ethanol exposure. There were also interspecies
differences. But, in general, our current investigation, as well
as studies of other authors, provides evidences that the
exposure of males to ethanol can lead to behavioral
changes in offspring, likely via the paternal germline.

Here it is important to note that remains difficult to
disentangle the effects of mutations from epigenetic
modifications in perpetuating paternal effects, but there are
some evidences for speculation on the role of epigenetic
factors in explaining the effects of paternal alcohol
consumption on offspring. For example D.M. Bielawski [et
al.] have revealed reductions in DNA-methyltransferase
RNA in sperm, as well as reductions in offspring weight
after chronic alcohol treatment of male rats. These results
suggest that alterations in DNA methylation in the germ line
may lead to physical abnormalities in offspring [309]

On the other hand it is known that induction of CYP2E1
leads to prominent epigenetic effects [16]. Probably, in our
experiments the activation of testicular CYP2E1 triggered
epigenetic events leading to paternal effects on posterity.

In sum, the paternal effects of ethanol described above
are consistent with a growing body of evidence for the
existence of transgenerational response phenomena (i.e.,
the transmission of environmentally induced states from
exposed generations to unexposed generations The
mechanisms are likely to involve alcohol-induced

epigenetic changes in the gametes or, alternatively,
selection effects within the germ line [7].

Conclusion. Our findings suggest that offspring not
directly exposed to alcohol in utero may nevertheless be
born with developmental abnormalities if their father
consumed alcohol prior to conception. Thus, a direct
relationship between paternal alcohol exposure and
offspring health and behaviour exists.
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Hapinwna go peakonerii 22.05.15

HepxaBHa ycTaHoBa "lHcTuTyT dhapmakonorii Ta Tokcukonorii HAMH Ykpaiun", Kuis

MOPYLWEHHA AHTEHATAINbHOI'O TA MNOCTHATANIBHOIO PO3BUTKY
HALLALKIB LLYPIB-CAMLUIB NiHII BICTAP,
TPUBAIO CMOXMBAHOIO AJTKOIronto

Byno ecmaHoeneHo 3pocmarHsi ekcnipecii MPHK CYP2E1 e cim'aHukax wypie 3a ymoe XpoHiyHo20 eeedeHHs1 15% po34uHy emarony. Y mol
JKe Yac 6ys10 noka3aHo 3Ha4YyHUli HezamueHuli ensiue A0820CMPOKOBO20 CIMOXKUBAHHS CaMUsIMU aslIKo20J1t0 Ha pieeHb AoimniaHmayiliHoi cMepmHo-
cmi ix nomomcmea. Takum YuHOM, iCHy€ NpsMull 38'I30K MiXK 8M/IUBOM asiko2os1to Ha 6ambka ma 39opoe‘'am i noeediHKkoro NomomMmcmea.

Knro4voei cnoea excnpecii MPHK CYP2E1 cim'aHukax wypie, emaHorn.

A. WaaxmeToBa, kaHA. 6uon. Hayk

FocypapcTeBeHHoe yupexaeHue "UHcTutyT chapmakonoruu u Tokcukonormm HAMH Ykpaunb!”, Kues

HAPYLUEHVE AHTEHATAJIbHOIO U NMOCTHATAJIbHOIO PA3BUTUA
NOTOMCTBA KPbIC-CAMLIOB
JINHUN BUCTAP, ANUTENIbHO NOTPEBNABLUUX AITIKOIOJlb

Bbino ycmanoenerno pocm akcnpeccuu MPHK CYP2E1 8 ceMeHHUKax KpbIC 8 yC108UsIX XpOHU4Yecko20 esedeHusi 15% pacmeopa amaHona. B
mo xe epemsi 6b1/10 NOKa3aHO 3HaYumMeslbHoe HezamueHoe esiusiHue Aos120CPOYHO20 nompebrieHUsi caMyaMu asko2071si Ha YypoeeHb GoUMIIaH-
mayuoHHol cMepmHocmu ux nomomcmea. Takum o6pa3om, cyujecmeyem npsimasi cesizb Mexdy eo3delicmeueM asKo2o/1s Ha omya u 30opoebem

u nosedeHuem nomomcmaea.

Knroyeenie cnoea akcnpeccuu MPHK CYP2E1 ceMeHHUKax KpbIC, 3maHor.



