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Background. Alcohol's toxic effects on the organism is a long-known medical problem. Alcohol's damaging
effect is the end result of the complex interplay between ethanol metabolism, inflammation and innate im-
munity. Previously, we studied the long-term consequences of chronic alcoholism and demonstrated that es-
pecially profound changes were in testes on the level of proteome and genome.

Objective. This work aimed to study short-term acute alcohol intoxication (AAI) effects for rat testis DNA
fragmentation, cytochromes CYP3A and CYP2EI genes expression, and serum pool of free amino acids in
rats.

Methods. Wistar albino male rats were divided into 2 groups (8 animals in each group): 1 — Control (intact
rats), and 2 — AAI (rats with short-term acute alcohol intoxication). AAI was induced by repeated adminis-
tration per os 40% ethanol solution in a dose 7 ml/kg body weight, for 7 days. Contents of amino acids in
serum, testes mMRNA CYP2E1 and CYP3A2 expression, and DNA fragmentation were evaluated.

Results. In our experiments, the development of acute alcohol intoxication (AAI) led to increased DNA
fragmentation processes in the testes of adult rats compared to the control group. Additionally, in the serum
of ethanol-treated rats, the levels of histidine increased by 1.67 times and glutamine by 1.13 times in correla-
tion with this pathology. Conversely, the levels of valine, phenylalanine, as well as non-essential and essen-
tial amino acids, decreased. Furthermore, there was a statistically significant increase in the expression of
CYP2E1 and CYP3A2 genes in rat testes under the conditions of AAI.

Conclusions. In conclusion, investigation of rats' short-term alcohol administration effects permitted us to
obtain the picture of complex metabolomic changes at the different levels. The main outcome of rats short-
term ethanol administration in our experiments seems to be to some extent similar to changes described for
rats with chronic alcohol consumption. Our results demonstrated profound changes in testes affecting the
state of the genome, transcription processes and the exchange of amino acids and proteins. We suggest that
the revealed testicular metabolic disorders could have negative implications on cellular regulation of sperma-
togenesis even under short-term ethanol exposure.
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Abbreviations

EtOH — ethanol,
CYP — cytochrome P450,
b.p. — base pairs.

Introduction

Alcohol toxic effects on the organism are a
long-known medical problem [1]. For example al-
coholic hepatitis is associated with significant mor-
bidity and mortality (up to 1.95% of global deaths).
In severe cases, patients have a very poor progno-
sis, with short term mortality around 30—50% [2].

In recent years, a huge amount of data related to
ethanols' biological, psychological, neurological ef-
fects has been accumulated [3].

Of particular concern is the accumulation of
experimental data indicating the ability of ethanol
to cause large-scale disruptions to the genome and
proteome of various organisms. In particular, the
toxic effect of alcohol leads to DNA molecules
structure various damages, including an increase in
its molecules' single-strand breaks number [4]. Chan-
ges also occur in the processes of gene expression
of a number of proteins, especially those involved
in the formation of the cytoskeleton, ensuring en-
docytosis, biogenesis and functioning of ribosomes,
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nuclear transport and stress-related reactions [5, 6].
Mechanisms of apoptosis [7], DNA methylation
and histone modification, as well as regulation of
microRNA expression [6], are disrupted.

Alcohol damaging effect is the end result of
the complex interplay between ethanol metabolism,
inflammation and innate immunity [3, 8]. In the
process of metabolic transformations, reactive oxy-
gen species are generated in the cells of the body.
They, in turn, induce lipid peroxidation reactions,
the products of which cause the death of cells,
triggering the processes of necrosis or apoptosis.
These processes are also accompanied by a high
level of endotoxemia [9]. Endotoxin, various cyto-
kines, in particular interferon-gamma and tumor
necrosis factor-alpha (TNF-a) [10], chemotactic
factors such as interleukin-8, are involved in the
initiation and development of the systemic in-
flammatory response syndrome. TNF-o mediates
its effects by binding to two cell surface molecules,
TNF-R1 and TNF-R2 [11]. TNF-R1 is the main
inducer of cytotoxicity through necrosis or apopto-
sis. An ethanol metabolite, acetaldehyde, and one
of the end products of lipid peroxidation, malon-
dialdehyde, bind to cellular proteins to form stable
adducts. The immune response to these neoantigens
leads to the development of hypertension. Non-
immunological (oxidative stress, cytokine damage)
and immunological factors act in combination in
the pathogenesis of alcohol intoxication [12].

Based on the above ideas about the pathoge-
nesis of organisms' alcoholic damage, various op-
tions for its pharmacotherapy have a common goal
of treatment — blocking many innate immunologi-
cal reactions [9, 13]. However, the effectiveness of
current therapy is unsatisfactory. Obviously, some
fundamental aspects of organisms' alcoholic damage
development remain insufficiently studied and/or
incorrectly assessed to date. New approaches based
on new concepts and emerging scientific results
may provide better results in the overall manage-
ment of patients with this problem. The study of
acute alcohol intoxication using an interdiscipli-
nary approach, ranging from the submolecular lev-
el to the whole organism, currently seems to be the
best way to prevent its harmful effects.

Previously, we studied the long-term conse-
quences of chronic alcoholism for the state and func-
tioning of the liver, brain, and testes of rats [14—18].
These data demonstrated that rats' chronic alcohol
consumption led to complex metabolomic changes
at different levels, which simultaneously characte-
rized cell macromolecules structure, metabolism,
and oxidative/nitrosative stress.
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Especially profound changes were shown in
testes on the level of proteome and genome. We
suggested that such disorders could have negative
implication on cellular regulation of spermatogene-
sis under long-term ethanol exposure. Accompa-
nying them alcohol-mediated changes in collagen
type I amino acid contents might have affected the
spermatogenic epithelium state. The modulation of
testicular cytochrome P4502E1 mRNA and protein
expression could change the functioning of this
isozyme in target organs and take part in the me-
chanism of ethanol gonadotoxicity. The correlation
between the levels of CYP2EI mRNA in testes and
spermatogenesis disorders allow supposing the in-
volvement of CYP2EI into the non-specific patho-
genetic mechanisms of male infertility under above-
mentioned pathologies.

Given all of the above, the question arises as
to how soon after the onset of ethanol exposure
such disorders occur. Are they characteristic only
of chronic alcoholism or can they occur with occa-
sional high doses of alcohol? It was of particular
interest to us to conduct a comprehensive assess-
ment of the acute alcohol intoxication develop-
ment consequences for such key aspects of each
cell viability as DNA stability, the intensity of gene
expression processes (especially the cytochromes
P450 genes involved in the biotransformation of
most drugs), and the metabolism of amino acids
(as initial compounds in the proteins biosynthesis).
This work aimed to study acute alcohol intoxica-
tion (AAI) consequences for rat testis DNA frag-
mentation, cytochromes CYP3A and CYP2EI genes
expression, and serum pool of free amino acids in
rats.

Materials and Methods

Study design. A total of 16 adult Wistar albino
male rats (160—180 g) were used in the study. They
were kept under a controlled temperature (from 22
to 24 °C), relative humidity of 40% to 70%, light-
ing (12 h light-dark cycle), and on a standard pel-
let feed diet (Phoenix Ltd., Ukraine). The study
was performed in accordance with the recommen-
dations of the European Convention for the Pro-
tection of Vertebrate Animals used for Experimen-
tal and other Scientific Purposes and approved by
the Institutional Animal Care and Use Committee.

The model of short-term acute alcohol intoxi-
cation (AAI) was reproduced according to the pro-
tocol [19]. AAI was induced by repeated adminis-
tration per os 40% ethanol solution in dose 7 ml/kg
body weight, during 7 days. Animals were divided
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into 2 groups (8 animals in each group): 1 — Con-
trol (intact rats), 2 — AAI (rats with AAI).

At the end of the experiment rats were sacri-
ficed under a mild ether anesthesia by decapita-
tion. Prior to euthanasia blood samples from fe-
moral vein were collected, and serum samples were
separated. Testes were remouved and kept frozen
at —70 °C until needed [20].

Cytochrome P-450 isoforms study. The rats'
testes were used for investigation of cytochrome
P-450 isoforms (CYP2E1 and CYP3A2, which is
ortholog of human cytochrome CYP3A4 in rat) [21]
mRNA expression rates by method of reversed
transcriptase polymerase chain reaction (rPCR).
Isolation of total mRNA was carried out with TRI-
Reagent (Sigma, USA). Synthesis of cDNA was
carried out with reagents and protocol of Fermen-
tas (Lituania). rPCR reaction mixture contents,
specific primers for CYP2E1 gene amplification
(forward 5'-CTTCGGGCCAGTGTTCAC-3' and
reverse 5'-CCCATATCTCAGAGTTGTGC-3'), as
well as amplification protocol were chosen according
to Lankford ef al. [22]. rPCR reaction mixture, amp-
lification protocol and following specific primers —
forward 5'-TACTACAAGGGCTTAGGGAG-3' and
reverse 5'-CTTGCCTGTCTCCGCCTCTT-3' were
used for CYP3A42 gene amplification according to
Jager et al. [16]. rPCR with primers of B-actin (sense
5-GCTCGTCGTCGACAACGGCTC-3' and anti-
sense 5'-CAAACATGAT CTGGGTCATCTTCT-3")
was carried out for internal control. All primers
were synthesized by "Metabion" (Germany). Ther-
mocycler MyCycler (BioRaD, USA) was used for
amplification. Electrophoresis of PCR products
(CYP2E1 — 744 b.p., CYP3A2 — 349 b.p. and
B-actin — 353 b.p.) was carried out in 2% agarose
gels (80V; 1.5h). After electrophoresis gels were
stained with ethidium bromide and visualized under
a UV transilluminator (BIORAD, USA). Electro-
phoresis data analysis was carried out with Quan-
tity One Software (USA).

Chromatin DNA fragmentation study. DNA
from the testis was isolated according to the stan-
dard protocol [23]. Chromatin DNA fragmentation
(as one of the apoptosis markers) evaluation was
carried out according to Bondarenko ar al. [24].
Briefly, tissue was homogenized and digested in di-
gestion buffer (100 mM NaCl; 10 mM Tris-HCI;
25 mM EDTA, pH8; and 0.5% SDS) and freshly
added 0.1 mg/mL proteinase K (Sigma-Aldrich Ink.,
USA) (1:1.2 mg/ml) with shaking at 50 °C for 15 h.
RNA was degraded by incubation of the samples
with 1—-100 mg/mL thermostable RNase H for 1.5 h

at 37 °C. DNA was extracted with an equal volume
of phenol-chloroform-isoamyl alcohol (25:24:1) and
centrifuged for 10 min at 1700x g. The DNA was
precipitated by adding 0.5vol 7.5 M ammonium
acetate and 2 vol 100% ethanol to the aqueous
layer; samples were separated by centrifugation at
1700x g for 5 min, rinsed with 70% ethanol, and
air-dried. The pellets were dissolved in TBE buffer
(10 mm Tris-HCI and 1 mm EDTA, pH 8); and
then were fractionated through 2% agarose gels
(50—60V; 3.5h). After electrophoresis gels were
stained with ethidium bromide and visualized un-
der a UV transilluminator (BIORAD, USA). Elec-
trophoresis data analysis was carried out with
Quantity One Software (USA).

Serum pools of free amino acids investigation.
The obtained rat serums were left for 30 min in re-
frigerator at 4 °C; to serum samples (1 mL) equal
volumes of 3% sulfosalicylic acid were added and
obtained mixtures were left for 10 min in refrigera-
tor at 4°C [25]. The formed sediments were re-
moved by centrifugation (5000g, 10 min, 4 °C).
Supernatants contained serum free amino acids.
Serum pools of free amino acids were analyzed by
ion exchange chromatography on the amino acid
analyzer AAA-881 (Czech Republic).

Statistical analysis. The obtained data were
expressed as the mean + standard error of the
mean (M + SEM) and were compared using un-
paired Student's t-test to find out the level of signi-
ficance between control and experimental rats us-
ing OriginPro 7.5 Software [26]. Differences were
considered to be statistically significant at p < 0.05.

Results

In our experiments, AAI led to an intensifica-
tion of DNA fragmentation processes in the testes
of adult rats in comparison with control (Fig. 1).
In the group of animals with AAI 14 fractions of
DNA low molecular weight fragments were detec-
ted, whereas in the control there were only three
(with masses approximately 900, 100 and 50 b.p.).

In rats with this model of the AAI, the percen-
tage of DNA fragmentation grew almost 4.7 times.
Six fractions were fragments with masses of 40 to
100 base pairs, whereas relatively longer fragments
were represented by 4 fractions (350—500 b.p.) and
4 fractions (850—1000 b.p.).

Results of CYP2E1 mRNA expression com-
parative study in the testes of control animals and
rats with AAI are shown in Figs. 2 and 3. Statis-
tically significant increase in CYP2EI gene expres-
sion was noted under the conditions of AAI (Fig. 2).
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In the testes of rats with AAI at the same The study of the effects of AAI on the rat se-
time, statistically significant changes were also de- rum pool of free amino acids (the Table) showed that
tected in the level of mRNA expression of the the contents of histidine (1.67 times) and glutami-
CYP3A2 gene (Fig. 3). ne (1.13 times) were increased with this pathology.
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Figure 1: (a) Electrophoregram of DNA fragmentation in rats' testes with acute alcohol intoxication (Control — control group,
EtOH — model of AAI); (b) relative % of rat testes DNA fragmentation in rats with AAI * — p < 0.05 in comparison with control
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Figure 2: (a) Electrophoregram of CYP2EI gene rPCR products (744 p.p.) and reference-gene B-actin (353 b.p.) rPCR products in
the testes of control animals and rats with acute alcohol intoxication (Mr — DNA marker; Control — control group, EtOH — model
of AAI; n = 8); (b) average rate of CYP2E1 mRNA expression in the testes of control animals and rats with AAI (Control — control
group, EtOH — model of AAI; n = 8, signal intensity of B-actin was taken as 100%). * — p < 0.05 in comparison with control
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Figure 3: (a) Electrophoregram of CYP3A2 gene rPCR products (349 p.p.) and reference-gene B-actin (353 b.p.) rPCR products in
the testes of control animals and rats with acute alcohol intoxication (Mr — DNA marker; Control — control group, EtOH — model
of AAIL; n = 8); (b) average rate of CYP3A2 mRNA expression in the testes of control animals and rats with AAI (Mr — DNA
marker; Control — control group, EtOH — model of AAI; n = 8, signal intensity of B-actin was taken as 100%). * — p < 0.05 in
comparison with control
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Table: Serum pool of free amino acids in rat with acute alcohol intoxication (AAI) (mgx100 mL™' of serum, mean = SEM, n = 8)

Amino acid Control AAI
Lysine 4.20 + 0.65 4.14 £ 0.33
Histidine 0.40 + 0.06 0.67 +0.01*
Arginine 2.80 + 0.41 3.10 £ 0.20
Aspartic acid 0.57 +0.04 0.50 £ 0.03
Threonine 1.12 £ 0.16 0.87 £ 0.08
Serene 2.10 £ 0.20 1.62 £ 0.10
Glutamine 4.00 +0.12 4.53 + 0.08*
Proline 1.75 £ 0.14 1.73 £ 0.10
Glycine 2.63 £0.20 2.58 £0.10
Alanine 4.22 £0.21 3.69 £ 0.11
Valine 1.60 + 0.05 1.41 £ 0.03*
Methionine 0.41 +0.08 0.40 + 0.09
Isoleucine 0.65 £ 0.06 0.64 = 0.04
Leucine 1.10 £ 0.09 1.00 £ 0.03
Tyrosine 1.14 £ 0.10 1.12 £ 0.09
Phenylalanine 0.81 +0.05 0.62 + 0.05%
Total amount of amino acids 29.50 28.66
Total amount of non-essential amino acids 15.27 13.65
Total amount of essential amino acids 14.23 13.05
Non-essential / Essential amino acids 1.073 1.046

* — p < 0.05 in comparison with control.

At the same time, the contents of valine, and
phenylalanine, as soon as the contents of non-
essential amino acids, essential amino acids, and
total amount of amino acids were lowered.

Discussion

The stability of chromatin DNA is a key as-
pect of maintaining cell viability. DNA should be
considered as an important molecular target for
toxicants [14] which induce different endonucleases
for its lethal splitting and inhibit processes of DNA
repair by nuclear DNA-polymerases. The level and
character of DNA fragmentation serve as markers
of apoptotic processes in the organism [27]. Acute
alcohol intoxication development is accompanied by
apoptotic processes activation [28]. Apoptotic chan-
ges inevitably lead to disturbance in DNA fragmen-
tation processes [27]. Our results on DNA frag-
mentation levels in testes of ethanol-treated rats
are in good correspondence with our previous re-
sults with chronic alcoholism model [13] and other
authors' data [29].

A comparison of our results on DNA fragmen-
tation under short-term and chronic ethanol expo-
sure suggests that with AAI this process was greatly
intensified. If in chronic alcoholism the presence
of 7 DNA fractions was noted [14], then in AAI we
recorded twice as many. Moreover, the number of

different types of fractions increased: both low- (with
masses of 40 to 100 b.p.), middle- (350—500 b.p.)
and high-molecular (850—1000 b.p.).

Thus, we can state that already at the earliest
stages of ethanol toxic effect realization, the pro-
cesses of DNA fragmentation are intensified. Their
further weakening in chronic alcoholism is possibly
associated with the inclusion of organism's adaptive
defense mechanisms over time [3].

With AAI development such changes apart from
the rest could be caused by disturbances in the fun-
ctioning of endonucleases involved in DNA repair
processes in mammalian cells, as ethanol is well
known enhancer of autolysis [30], as soon as by mi-
tochondrial dysfunctions accompanying AAI [3, 31].

Reduced stability of DNA could significantly
change cell viability due to increased levels of dama-
ged and dead cells. Apoptosis processes are incor-
porated into the system of germ cell development
regulation. Damaged germ cells removing from se-
miniferous tubules via apoptosis allows to prevent
their further differentiation into spermatozoa. Such
damaged germ cells deletion is a critical compo-
nent of genome safekeeping mechanisms [32]. Dys-
regulation of the fine-tuned balance may lead to
the onset of testicular diseases [33].

Ethanol induces apoptosis by two different
mechanisms. The first assumes mitochondrial per-
meability transition, the second — up-regulation of



the expression of CD95-Fas ligand. The excess ac-
cumulation of reactive oxygen species (ROS) by
mitochondria during acetaldehyde metabolism in-
tensification, is a common trigger of both mechan-
isms [29]. In the organism of alcoholics, apoptosis
is caused by increased ROS due to increased avail-
ability of the reduced form of nicotinamide ade-
nine dinucleotide (NADH) owing to mitochondrial
acetaldehyde metabolism, and it is prevented by
blocking the opening of mitochondrial permeability
transition pores with cyclosporine A [29].

The ability of ethanol to disturb spermatogene-
sis was noted in our previous experiments [14] and
also by other investigators [34]. On the other hand,
when spermatogenesis is disrupted in any way, the
germ cells tend to default to an apoptotic state [35].
According to other authors' results systemic chan-
ges in DNA molecule structure are directly corre-
lated with the rates of AAI development [3, 31]
and thus, apoptosis violations may cause inhibition
of tissue regeneration and pathological changes
deepening. The number of research suggests that
germ cell death in adult rats, whether occurring
spontaneously during normal spermatogenesis or
accelerated for instance due to factors such as de-
privation of gonadotrophic support or moderate in-
creases in scrotal temperature, predominantly oc-
curs through apoptosis.

The regulation of germ cell apoptosis probably
occurs in a cell-type-specific manner, although the
fundamental components of the apoptotic machi-
nery may be universal [36]. Both spontaneous and
increased cell death due to triggering stimuli (de-
privation of intratesticular testosterone and gona-
dotrophins, Sertoli cell toxicants, chemotherapeutic
drug, etc.) occur via apoptosis [32—36].

Maintaining certain levels of gene expression
is equally important for maintaining cell viability
along with controlling DNA stability. In our expe-
riments increased DNA fragmentation levels were
accompanied by changes in the expression rates
of CYP2E1 and CYP3A2 (ortholog of human
CYP3A4) mRNA in testes. Our data was in good
agreement with our previous results [14, 15, 17]
and other authors investigations [37, 38]. However,
a comparison of our results regarding the direction
of these changes in short-term and chronic admin-
istration of ethanol [14, 15, 17] revealed a number
of fundamental differences.

As for cytochrome CYP2EI, in this case
extrahepatic expression of its gene was intensified
both in short-term and chronic administration of
ethanol although with short-term administration of
alcohol, the changes were much more pronounced:

Innov Biosyst Bioeng, 2024, vol. 8, no. 4

increasing by 10times and by 3 times correspon-
dingly. In the case of cytochrome CYP3A2, a
change in the very direction of changes was noted:
if with a short-term administration of alcohol, an
increase in the expression of this gene was record-
ed by approximately 7-7-5 times, then with chronic
alcoholism, inhibition of expression by approxima-
tely 3-5-4 times was already observed. Ethanol has
been reported to be either an inducer or an inhibi-
tor of CYP3A expression in dependence of ethanol
exposure duration in the number of scientific pub-
lications [39, 40]. As in the case of data on DNA
fragmentation, these differences in the expression
rates of CYP2El and CYP3A2 with AAI and
chronic alcoholism might be due to the inclusion
of adaptive mechanisms of the body during pro-
longed alcohol exposure — up to the stage of meta-
bolic adaptation [3].

Depending on cellular conditions, CYPs can
play a major role in either the detoxification or the
bioactivation of toxic substances. Thus, if a specific
xenobiotic toxicant is metabolized toward bioacti-
vation within a cell, it could damage cellular com-
ponents and subsequently alter the cells' fate toward
either carcinogenesis or apoptosis [41]. Induction
of Cytochrome P450 2E1 noted in our experiments
can aggravate toxic damage of organisms' tissues
(including testes) during AAI development [27].
Even more significant for the further fate of the cell
may be an increase in the level of expression of cy-
tochrome P450 3A2 (ortholog of human CYP 450
3A4), since with its participation, the biotransfor-
mation of most drugs in the organism occurs [42].
The intensification of its expression may be one of
the reasons for the insufficient effectiveness of ste-
roid therapy for acute alcohol intoxication [8].

The pool of free amino acids is one of the
most sensitive indicators for the early detection of
possible deviations of metabolic transformations in
the organism [24, 43, 44]. Free amino acids are in-
volved in the integration of regulatory and adaptive
systems of the body [25]. The study of their con-
tents changes characterizes the state of the body's
internal reserves, the degree of disintegration of
metabolism as a whole, and the adaptive capabili-
ties of the body and its individual organs [25].

It is supposed that the character of amino ac-
id alterations in alcohol-treated animals could be
evidence of considerable general disturbances in the
metabolism of proteins [45]. This assumption is in
good agreement with the previous investigations [46],
which demonstrated impaired protein synthesis
with ethanol consumption. Free aldehyde groups of
the ethanol metabolite acetaldehyde can interfere
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with amino acids and change protein structure to
form new epitopes that activate autoimmune pro-
cesses [47].

Amino acids, such as isoleucine, leucine, ly-
sine, methionine, phenylalanine, threonine, trypto-
phan, valine, arginine, and histidine are essential
for white rats, whereas alanine, asparagine, aspar-
tate, cysteine, glutamine, gluta mate, glycine, pro-
line, serine, and tyrosine represent the group of non-
essential amino acids. The changes in the ratio of
nonessential/essential amino acids in the serum
free amino could be caused by disturbances in me-
tabolism of proteins and amino acids and their
transport with ethanol administration [48]. A com-
parative analysis of our results with previously ob-
tained data [15] showed that in both cases, under
the influence of alcohol, there is a decrease in the
ratio of essential amino acids to non-essential ones.
With AAI, it is still slightly expressed (control —
1.073; AAI — 1.046), while in chronic alcoholism
it manifests itself quite clearly (control — 1.29;
chronic alcoholism — 1.15).

A decrease in valine concentrations may affect
the catabolism of proteins and cause disturbances
in the glucoso-alanine cycle [48]. Similar changes
in the content of valine in the serum pool occurred
in chronic alcoholism [15].

The character of some changes in amino acid
pools could primarily evidence considerable dis-
turbances in carbohydrate metabolism at the stage
of the Krebs cycle (changes in histidine and vali-
ne) [48]. At the same time, a comparison of our
results with previous data on the model of chronic
alcoholism [15] showed a similar pattern of chan-
ges in the content of these amino acids, which in-
dicates that in this case, the effect of ethanol ma-
nifests itself already with a short-term intake into
the organism and then does not change with time
in severity.

Along with the increase in glutamine con-
tents, NH*-transport disturbances could be eviden-
ced [48]. This supposition is in accordance with
the results of other authors who observed distur-
bances in the metabolism of nitrogenous com-
pounds and their transport after administration of
ethanol [30].

Decreased content of phenylalanine and the
phenylalanine/tyrosine ratio (parameter of the in-
tensity of phenylalanine hydroxylation) in serum
free amino acids contents (from 0.71 — in the con-
trol group to 0.55 in the AAI group) could evi-
dence of considerable inhibition of phenylalanine
hydroxylases activity by ethanol [48]. In our pre-
vious experiments on the model of chronic alco-

holism, we registered the reverse changes: the con-
tent of phenylalanine and the phenylalanine/tyro-
sine ratio increased [15], which might be due to
the inclusion of adaptive mechanisms of the body
during prolonged exposure to alcohol (as in cases
of DNA fragmentation and CYP P450 3A2 gene
expression [30].

Changes in histidine and glutamine might in-
dicate disturbances in the metabolism of nucleic
acids and nucleotides [48] and are consistent with
our data on DNA fragmentation in acute alcohol
intoxication. Our data are in accordance with the
results on ethanol's effect on NAD metabolism and
nucleic acids biosynthesis in cell nuclei reported by
other authors [30].

Conclusions

In conclusion, the investigation of the effects
ofshort-term alcohol administration in rats per-
mitted us to evaluate the complex metabolomic
changes at the different levels. The main outcome
at that conditions seems to be to some extent simi-
lar to changes described for rats with chronic alco-
hol consumption. However, based on our findings,
the processes of DNA fragmentation in testes are
more intensive early in ethanol toxicity, potentially
indicating a lack of adaptive defense mechanisms
present in chronic alcoholism. Heightened expres-
sion in cytochrome CYP2EI and CYP3A2 gene in
short-term ethanol administration was demonstrat-
ed. According to our previous results, the discre-
pancies in CYP2EI and CYP3A2 expression be-
tween acute and chronic alcohol exposure are ob-
served and may stem from the inclusion of adap-
tive mechanisms during prolonged ethanol expo-
sure, indicating metabolic adaptation. The above-
mentioned changes are accompanied by notable al-
terations in the serum pool of free amino acids.

Thus, our results demonstrated profound chan-
ges in testes affecting the state of the genome, tran-
scription processes and the metabolism of amino
acids and proteins. We suggest that the revealed
testicular metabolic disorders could have negative
implications on cellular regulation of spermatoge-
nesis even under short-term ethanol exposure.
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"HeTuTyT chapmakonorii Ta Tokeukonorii HAMH Ykpainu, Kuis, YkpaiHa

KuiBchbKuii HaLioHaNbHUI yHiBepcuTeT iMeni Tapaca Lesuenka, Kuig, YkpaiHa
*BigkpUTUin MiXKHAPOHWI YHIBEPCUTET PO3BUTKY NioanHn “YKPAIHA”, Kuig, YkpaiHa
“KnI im. Iropsi Cikopcbkoro, Kuis, YkpaiHa

BMNUB FOCTPOI ANIKOIOflbHOI IHTOKCUKALIT HA CTABINbHICTb TECTUKYNAPHOI AHK, EKCMNPECIIO FEHIB
LIMTOXPOMIB CYP3A TA CYP2E1 | MY BUIbHUX AMIHOKUCIIOT CUPOBATKWU KPOBI LLIYPIB

Mpo6nemartuka. ToKCMYHA [isl ankoronto Ha opraHiaMm — AaBHO BigoMa MeAuvHa npobrnema. YLWWKOAXYKUYMIA BNWB ankoronoo €
KiHLEBUM pe3ynbTaToM CKnafgHoi B3aemopii npoueciB MmeTaboniamy etaHony, 3ananeHHsM i peakuil BPOAXEHOro imyHitety. B
nonepegHix JOCNIMKEHHAX Hamy Gyno BMBYEHO BigdaneHi Hacnigkym XpoHIYHOro ankoroniamy i mokasaHo, LWo ocobnmBo rmmMboKi 3MiHK
Ha piBHi NpoTeoma i reHoma BigbyBatTbCS B CiM'THUKaX.

MeTa. [locnigntn BNnvMB KOPOTKOYACHOI rOCTPOI ankoronbHOi iHTokcukauii (FAl) Ha dparmenTauito OHK ciM’sHukiB, ekcnpecito reHis
uutoxpomie CYP3A i CYP2E1 Ta nyn BinbHWX aMiHOKUCIOT y CMPOBATL,i KPOBI LLypiB.

MeTopguka peanisauii. LLlypiB-anb6iHocis niHii Bictap po3ainunu Ha 2 rpynu (no 8 TBapwH Yy KOXHii): 1 — KOHTponbHa (iHTaKTHi Lwypwu),
2 — mogenb Al (wypu 3 BigTBOpeHHAM Mopgeni kopoTkoTepmiHoBoi Al). TAl iHAyKyBanu NoBTOPHMM NepopanbHUM BBEAEHHAM
40 %-Horo po34mHy eTaHormny B [03i 7 MN/Kr Macu Tina npoTsaroM 7-mu AaHiB. OuiHloBany BMICT BiNbHWX aMiHOKWUCIOT Y CMpoBaTLi KpOBi,
ekcnpecito MPHK CYP2E1 i CYP3A2 ta dparmeHTauito IHK y ciM’asHMKax TBapuH.

PesynbTaTti. Y Halmnx ekcnepMMeHTax po3BUTOK rOCTPOI ankorosnbHOI iHTOKCKKALLii NPM3BOAMB A0 MOCWUMEHHS npoueciB dparmeHTadii
OHK y ciM'siHMKax Jopocnux LypiB MOPIBHAHO 3 KOHTPONbHOW rpynoto. Kpim Toro, B cMpoBaTtui KpOBi LLypiB, siki OTpUMyBanu eTaHor,
piBeHb rictuauHy niasuwysascst B 1,67 pasy, a rmytamiHy — B 1,13 pasy, Wo kopentoBano 3 uieto natonorieto. 3 iHWoOro G6oky, piBHi
BaniHy, deHinanaHiHy, a TakoX 3aMiHHMX i HE3aMiHHUX aMiHOKMCNOT 3HWxXyBanucs. Kpim Toro, cnocrepiranocs CTaTUCTUYHO 3Hauylue
nocunerHs ekcnpecii reHisB CYP2E1 i CYP3A2 y cim’aHukax wwypiB B ymosax [Al.

BucHoBku. [JocnigxeHHsi edeKTiB KOPOTKOYACHOro NPMMNOMy ankoromto LypaMu gano 3mMory oTpyMaTi KOMMNIIEKCHY KapTuHY CKragHuX
MeTaboniYHNX 3MiH B OpraHi3ami Ha pi3HMX PiBHAX. 3aranomM Hacnigkn KOPOTKOYACHOro BBEAEHHS €TaHOIMy LypaM Y HalmxX ekcrnepumeH-
Tax, OY4EBUAHO, OO MEBHOI MipM CXOXi HA 3MiHUW, ONMUCaHi AN WYyPiB i3 XPOHIYHUM CMOXMBAHHAM ankorono. Hawi pesynbtatv npoae-
MOHCTPYBanu HasiBHICTb rMUBOKUX 3MiH Yy CiM’siHUKaXx, L0 BMMMBaOTh HA CTaH reHoMy, Npouecu TpaHckpunuii Ta obMiH aMiHokucnoT i
6inkiB. Mn MoXxemo NpunyCcTUTY, LLO HaBiTb BUSBMEHI TECTUKYNSAPHI MeTaboniyHi NOpyLLEHHS 3a KOPOTKOYACHOrO BMAIMBY €TAaHOMY 34aTHI
CNPUYUHATU HEraTUBHI Hacniakn Ans KNiTMHHOI perynsuii cnepmaTtoreHesy.

KnioyoBi cnoBa: roctpa ankoronbHa iHTokcukauis; dpparmerTauis AHK; ekcnpecis rexis; CYP450; nyn BiflbHUX aMiHOKUCAOT; CiM’AHUKN.



