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Abstract—Tryptophan hydroxylase 2 is a key enzyme in the synthesis of the neurotransmitter serotonin, which plays an
important role in the regulation of behavior and various physiological functions. We studied the effect of acute ethanol
administration on the expression of the early response c-fos gene and metabolism of serotonin and catecholamines in the
brain structures of B6-1473C and B6-1473G congenic mouse strains differing in the single-nucleotide substitution C1473G
in the Tph2 gene and activity of the encoded enzyme. Acute alcoholization led to a significant upregulation of the c-fos gene
expression in the frontal cortex and striatum of B6-1473G mice and in the hippocampus of B6-1473C mice and caused
a decrease in the index of serotonin metabolism in the nucleus accumbens in B6-1473C mice and in the hippocampus and
striatum of B6-1473G mice, as well as to the decrease in the norepinephrine level in the hypothalamus of B6-1473C mice.
Therefore, the C1473G polymorphism in the 7ph2 gene has a significant effect of acute ethanol administration on the c-fos

expression pattern and metabolism of biogenic amines in the mouse brain.
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INTRODUCTION

The role of the serotonin (5-HT) brain system dys-
function in the pathophysiology of a broad spectrum of
neuropsychological disorder, including alcohol-related
ones, has been demonstrated in numerous studies [1, 2].
According to the published data, polymorphisms in
genes encoding components of 5-HT brain system, such
as 5-HT1B [3], 5-HT6 [4], and 5-HT2A [5] receptors,
5-HT transporter [6], and monoamine oxidase A [7],
can cause behavioral disorders associated with alcohol
consumption.

Tryptophan hydroxylase 2 (TPH2) is a key enzyme
of serotonin synthesis in the brain. It was found that
some polymorphisms in the human TPHZ2 gene are as-
sociated with the development of neuropsychological
disorders, including depression and bipolar affective
disorder [8, 9]. However, the role of this enzyme in the
pathogenesis of alcohol-related diseases remains poorly
studied. It was shown that alcoholic patients display in-
creased levels of TPH2 mRNA and protein in the dorsal
and median raphe nuclei [10]. The data of studies on the
association between polymorphisms in the TPH2 gene
and alcohol-related disorders are controversial [11-14].

Abbreviations: 5-HT, serotonin; DA, dopamine; DOPAC, 3,4-dihydroxyphenylacetic acid; HVA, homovanillic acid; NE, norepi-

nephrine; TPH2, tryptophan hydroxylase 2.
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Hence, development of appropriate animal models for
studying the role of TPH2 gene in the effects of alcohol
on the behavior and nervous system is of particular im-
portance.

The single-nucleotide polymorphism (SNP)
C1473G (rs33849125) in the mouse Tph2 gene is a func-
tionally significant mutation resulting in the Pro*¥ to
Arg*’ substitution in the TPH2 protein, which leads to
a twofold decrease in the enzyme activity and changes
in the animal behavior [15, 16]. Earlier, we created con-
genic mouse strains B6-1473C and B6-1473G differing
only by the presence of C1473G SNP in Tph2[16]. It was
demonstrated that the C1473G SNP is involved in the
action of external stress factors (acute stress, short pho-
toperiod) on the nervous system [17, 18]. We also found
that acute alcohol administration affected differently the
motor activity and anxiety behavior in B6-1473C and
B6-1473G mice [19], although the mechanism of alco-
hol effect on the nervous system of these animals has
not been studied. It is known that even a one-time in-
jection of ethanol can change the metabolism of biogen-
ic amines [20] and activate expression of early response
genes (e.g., c-fos) in the brain [21] in a genotype-depen-
dent manner.

The goal of our work was to investigate the effects
of acute ethanol administration on the expression of ear-
ly response gene c-fos and the content of 5-HT, norepi-
nephrine (NE), dopamine (DA), and their metabolites
in the brain structures of mice from congenic B6-1473C
and B6-1473G strains differing in the presence of the
C1473G SNP in the Tph2 gene.

MATERIALS AND METHODS

Animals. Adult male mice (10-12 weeks of age) of the
congenic B6-1473C (C/C) and B6-1473G (G/QG) strains
were obtained by backcrossing male F1[CC57BR(G/G)
xC57BL/6(C/C)] mice with C57BL/6 females for nine
generations. The congenic B6-1473C and B6-1473G
strains obtained on the C57BL/6 background differed
only in the C1473G single-nucleotide substitution in the
Tph2 gene [16]. The animals (body weight, 25 = 0.7 g)
were kept in plastic cages 40x30%X15 cm under standard
conditions (temperature, 20-22°C; relative humidity,
50-60%; 14 h light/10 h dark regime) with the ad libitum
access to standard chow and water. The genotypes of ani-
mals used in the experiments were verified by genotyping
as described in [16]. The studies were conducted at the
Center for Genetic Resources of Laboratory Animals,
Institute of Cytology and Genetics.

Ethanol administration and sacrificing the animals.
Two days before the experiment, the animals were placed
into individual cages. Ethanol (20%, 1.6 g per kg body
weight) was injected intraperitoneally [22]; the mice of
the control group were injected with physiological sa-
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line (0.9% NaCl). Forty minutes after ethanol injection,
the animals were sacrificed by decapitation. The dose
and the time of ethanol action were chosen based on
the published data, as it was shown earlier that ethanol
administration at a dose of 0.25-4 g per kg body weight
results in the increase in the c-fos mRNA content within
1 h [21, 23]. On the other hand, this method of ethanol
administration and its dose were sufficient to observed
the effects of alcohol on the metabolism of biogenic
amines [24].

Hypothalamus, frontal cortex, nucleus accumbens,
hippocampus, striatum, substantia nigra, and midbrain
were isolated on ice. These structures were selected be-
cause it was found that alcohol affects expression of ear-
ly response genes in the hypothalamus, frontal cortex,
hippocampus, and striatum [25, 26]. Raphe nuclei and
substantia nigra are the major location of the cell bod-
ies of serotoninergic [8] and dopaminergic [27] neurons,
respectively. Nucleus accumbens and striatum receive
mainly dopaminergic projections, while hypothalamus,
frontal cortex, nucleus accumbens, hippocampus, and
striatum receive serotoninergic projections [8, 27].

Brain structures were isolated based on information
from the Mouse Brain Atlas [28]. The following coordi-
nates were used for the fontal cortex: anterior-posterior
(AP), from 1.6 to 2.8; lateral (L), from —2 to 2; section
thickness, 1.5 mm. Hypothalamus was dissected based
on the coordinates: AP, from 0.3 to —2.9; L, from —1
to 1; dorsal-ventral (DV), from 3.2 to 5.8. Both hippo-
campi were dissected from AP —0.8 to AP —2.9. The co-
ordinates of the striatum were: AP, from 1.3 to —1.0;
L, from —2.4 to —3.8 and from 2.4 to 3.8; DV, from 2.4
to 3.8. The coordinates of nucleus accumbens were:
AP, from 1.8 to 1.2; L, from —1.7 to —0.5 and from 0.5
to 1.7; DV, from 4.2 to 3.6. To isolate the midbrain,
we made the cranial cut in front of the superior collic-
ulus (AP —3) and caudal cut in front of the rhomboid
fossa (AP —7.3), after which the superior colliculus
was removed. Substantia nigra was dissected according
to the following coordinates: AP, from —2.7 to —3.4;
L, from —1.2 to —2.0 and from 1.2 to 2.0; DV, from 3.6
to 4.4. The tissues were frozen in liquid nitrogen and
stored at —70°C until being used in the experiment.

Two series of experiments were conducted. In the
first series, brain tissues isolated from the animals inject-
ed with ethanol were used for RNA isolation (number of
animals in the group, n = 6-7); in the second series, brain
tissues were assayed for the content of biogenic amines
by high-performance liquid chromatography (n = 7-8).

Total RNA isolation. Total RNA was isolated using
TRIzol Reagent (Life Technologies, USA) and treated
with RNase-free DNase (1000 U/ml; Promega, USA)
as recommended by the manufacturer. RNA concen-
tration was determined spectrophotometrically with a
Nanodrop (USA). Isolated RNA was diluted with water
to the concentration of 0.25 ug/ul and stored at —70°C.
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The presence of genomic DNA in the RNA preparations
was assessed as described in [29, 30].

Reverse transcription (RT) was performed as de-
scribed in [25]. Total RNA (8 ul or 1 ug) was mixed with
180 ng of random hexanucleotide primer (final primer
concentration, 5 uM) and 2.25 uM sterile 1 M KClI in
a total volume of 16 ul and denatured at 94°C for 5 min
in a BIS M-120 cycler (BIS-N, Russia). Next, 15 ul of
the reaction mixture containing 0.5 M Tris-HCI, pH 8.3
(0.63 ul), 4 mM dNTPs (3.63 ul), 0.1 M dithiothreit-
ol (2.25 ul), 0.1 M MnCl, (0.3 ul), 2000 U of MuMLV
reverse transcriptase (Biosan, Russia), and 8 ul of di-
ethyl pyrocarbonate-treated water was added and the
resulting mixture (total volume, 31 ul) was incubat-
ed at 41°C for 60 min. Synthesized cDNA was stored
at —20°C.

Quantitative polymerase chain reaction (qPCR).
Gene expression was evaluated using a modification
of the RT-qPCR method developed in our laborato-
ry [24, 25]. The primers used for cDNA amplification
(Table 1) were designed based on the sequences from the
EMBL Nucleotide database using Oligoanalizer (https://
eu.idtdna.com/calc/analyzer) and Ensemble (https://
www.ensembl.org/index.html) software and synthesized
by Biosan. The reaction mixture for qPCR contained
1 ul of cDNA and reagents from SYBR Green I Univer-
sal Reagent Kit (Sinto, Russia) as recommended by the
manufacturer. The reaction was performed in a Light-
Cycler 480 (Roche Applied Science, Switzerland) in the
following regime: 95°C — 3 min; 40 cycles of 95°C — 10 s,
annealing at the temperature shown in Table 1 — 30 s;
72°C — 30 s. Serial dilutions of genomic DNA with the
concentrations of 0.125, 0.25, 0.5, 1, 2, 4, 8, 16, 32, and
64 ng/ul were amplified separately and used as exter-
nal standards for plotting the calibration curve in the Ct
(number of threshold cycle) — Ig P (logarithm of stan-
dard DNA quantity) coordinates using software supplied
with the LightCycler 480. To verify the specificity of am-
plification, the melting curves of qPCR products were
obtained and analyzed for each reaction and each primer
pair. Expression of the c-fos gene was presented as the
ratio of the amount of c-fos cDNA to 100 copies of the
DNA-dependent RNA polymerase 2 (#Pol2) cDNA used
as an internal standard [17, 29, 30].

High-performance liquid chromatography (HPLC).
The content of 5-HT and its metabolite 5-hydroxy-
indoleacetic acid (5-HIAA), DA and its metabolites
3,4-dihydroxyphenylacetic acid (DOPAC) and homo-
vanillic acid (HVA), and NE in the brain was determined
by HPLC as described in [31]. Brain tissue samples were
homogenized in 150 ul of 0.6 M perchloric acid (HCIO,)
and centrifuged for 15 min at 4°C at 14,000 rpm to pre-
cipitate the protein. The supernatant was diluted with an
equal volume of deionized water. The pellet was stored
at —20°C for further protein concentration assay by the
Bradford method [31]. The supernatant (20 ul) was ana-
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Table 1. Primers used in the study
. Y o PCR product
Gene Primer sequence, 53 Tam, °C length, bp
Pol2 F: tgtgacaactccatacaatge 60 194

R: ctctcttagtgaatttgegtact

F: aaagagaaggaaaaactggag 58

R: cggaaacaagaagtcatcaa 264

c-fos

lyzed using an HPLC system including an electrochem-
ical detector (750 mV, DECADE IITM), glassy carbon
VTO03 flow cell (3 mm GC sb; Antec, Netherlands),
CBM-20A controller, LC-20AD pump, SIL-20A auto-
sampler, and DGU-20A5R degasser (Shimadzu, USA).
Chromatography was carried out in the isocratic mode at
a flow rate of 0.6 ml/min on a Luna C18 column (length,
75 mm; inner diameter, 4.6 mm; particle size, 5 um) with
a C8 precolumn (Phenomenex, USA). The eluent was
10% methanol (Chimmed, Russia) in 50 mM KH,PO,
(Sigma-Aldrich, USA) containing 1.4 mM 1-octane-
sulfonic acid sodium salt (Chimmed) and 0.05 mM
EDTA (Sigma-Aldrich), pH 3.9. The calibration curves
were plotted using serial dilutions containing 0.5, 1,
and 2 ng of the analyzed compounds. The peaks in the
chromatograms were quantified with the LabSolution
LG/GC program (Shimadzu); the content of the assayed
biogenic amines was determined from the calibration
curves and expressed in ng/mg protein.

Statistical analysis. The results were presented as
mean =* standard error of mean (SEM) and compared
using the two-factor dispersion analysis ANOVA (fac-
tors “genotype” and “ethanol”), followed by the group
comparison with the Fisher least significant difference
(LSD) method using the STATISTICA 8.0 software.
The normality of the samples was determined using the
Kolmogorov—Smirnov test with the Lilliefors correction
and the Shapiro—Wilk test. The differences were consid-
ered significant at p < 0.05.

RESULTS

Expression of c-fos gene. ANOVA revealed that eth-
anol (F,, = 5.23; p < 0.05) and interaction between the
“genotype” and “ethanol” factors (F;, = 9.85; p < 0.01)
affected the content of c-fos mRNA in the frontal cor-
tex, while the effect of genotype was at the trend level
(F12 = 3.36, p = 0.08). Post hoc analysis showed that
ethanol induced a significant increase in the c-fos ex-
pression in the frontal cortex in B6-1473G mice only
(p < 0.01) (Fig. 1). Genotype (F,,, = 24.15; p < 0.001),
ethanol administration (F;» = 16.22; p < 0.001), and
interaction of these factors (F,,, = 23.74; p < 0.001) af-
fected the c-fos mRNA level in the hippocampus. Group
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Fig. 1. Effect of acute ethanol administration on the c-fos expression in the brain structures of B6-1473C (C/C) and B6-1473G (G/G) mice.
Gene expression is shown as the ratio of c-fos cDNA to 100 copies of #Pol2 cDNA (n = 6-7 in each group); * p < 0.05, ** p < 0.01, *** p < 0.001

compared to the control animal group.

comparison revealed that ethanol caused upregulation
of the c-fos expression in the hippocampus of B6-1473C
mice only (p <0.001) (Fig. 1). Ethanol (F,,, = 8.52;
p <0.01), but not genotype (F,, < 1) or interaction of
these two factors (F, 5, < 1) affected the content of c-fos
mRNA in the striatum. The level of c-fos mRNA in the
stratum of B6-1473G mice injected with ethanol was
higher than in animals of the control group (p < 0.05).
In the hypothalamus, c-fos expression was affected by
ethanol (F,, =4.59; p <0.05) and genotype (at the
trend level; F,, = 3.36; p = 0.08), but not by the inter-
action of these factors (F,,, < 1), while group compari-
son revealed no differences between animals of different
groups (Fig. 1).

The content of serotonin and its metabolite 5-HIAA.
The results of dispersion analysis of the effects of ethanol
administration and genotype, as well as interaction of these
factors, on the content of 5-HT, its metabolite 5-HIAA,
and serotonin metabolism index (5-HIAA/5-HT) in the
brain of B6-1473C and B6-1473G mice shown in Table 2.
Group comparison revealed that after ethanol injec-
tion, the content of 5-HT in the midbrain decreased in
B6-1473G mice (p < 0.01) and displayed a trend toward
increase (p = 0.069) in B6-1473C mice (Fig. 2a). Post hoc
analysis demonstrated a decrease in the 5-HIAA content
in the nucleus accumbens of B6-1473C mice (p < 0.05)
and striatum of B6-1473G mice (p < 0.05) injected with
ethanol vs. control animals (Fig. 2b). Ethanol injection
decreased serotonin metabolism index (5-HIAA/5-HT)
in the nucleus accumbens of B6-1473C mice (p < 0.05)
and in the hippocampus (p < 0.05) and striatum of
B6-1473G mice (p < 0.05) (Fig. 2¢). In the midbrain, this
parameter showed the trend toward decrease in B6-1473C
mice (p = 0.054) and toward increase in B6-1473G mice
(p = 0.056) (Fig. 2¢).

The content of dopamine (DA) and its metabolites
DOPAC and HVA. The results of dispersion analysis of
the effects of ethanol administration and genotype, as
well as interaction of these factors, on the content of
DA, its metabolites DOPAC and HVA, and dopamine
metabolism index DOPAC + HVA/DA in the brain of
B6-1473C and B6-1473G mice injected with ethanol
are shown in Table 3. Comparison of groups revealed
no differences in the DA content in all analyzed brain
structures of the two mouse strains (p > 0.05) (Fig. 3a).
However, post hoc analysis demonstrated that alcohol
injection increased the DOPAC level in the striatum of
B6-1473C mice (p < 0.05) and decreased it in B6-1473G
mice (p < 0.05) (Fig. 3b). No differences in the HVA
content and DA metabolism index were found in the
mice of two strains (p > 0.05) (Fig. 3, c and d).

The content of norepinephrine (NE). ANOVA re-
vealed that ethanol (F,,;s = 7,53; p <0,05) and inter-
action between the “genotype” and “ethanol” factors
(F125 = 6.64; p < 0.05), but not genotype (F,,; < 1), af-
fected the NE level in the hippocampus. Post hoc an-
alysis demonstrated that ethanol injection induced a
statistically significant decrease in the NE content in the
hypothalamus in B6-1473C mice only (p < 0.01) (Fig. 4).
Neither genotype (F;» = 3.93; p=0.058), nor etha-
nol (F,5 = 1.98; p > 0.05) or interaction between these
factors (F,, < 1) affected NE content in the frontal
cortex. Also, ANOVA revealed no effects of the geno-
type (F,s < 1), ethanol administration (F,,; < 1), or
interaction of these factors (F,,s =2.77; p > 0.05) on
the NE content in the nucleus accumbens. Ethanol
(F126 = 6.52; p <0.05), but nor genotype (F, = 1.88;
p > 0.05) or interaction of the “ethanol” and “genotype”
factors (F, < 1) influenced the level of NE in the hip-
pocampus, although in the hippocampus of B6-1473G
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Fig. 2. Effect of acute ethanol administration on the content of 5-HT (a), its metabolite 5-HIAA (b), and serotonin metabolism index 5-HIAA/
5-HT (c) in the brain structures of B6-1473C (C/C) and B6-1473G (G/G) mice (n = 7-8 in each group); * p < 0.05, ** p < 0.01 compared to the
control group.

BIOCHEMISTRY (Moscow) Vol. 88 No. 3 2023



296

BAZOVKINA et al.

Table 2. ANOVA analysis of the effect of “genotype” and “ethanol” factors and their interaction on the 5-HT and
5-HIAA content and serotonin metabolism index (5-HIAA/5-HT) in the brain structures of B6-1473C (C/C) and
B6-1473G (G/G) mice injected with ethanol

Brain structure Genotype Ethanol Genotype X Ethanol
5-HT
Hypothalamus Fis<1 Fis=1.09; p > 0.05 Fis=2.14;p > 0.05
Frontal cortex Fis<1 Fis<1 Fis<1
Nucleus accumbens Fis<1 Fis<1 Fis<1
Hippocampus Fi=1.08;p>0.05 Fi=3.71; p=0.065 Fix<1
Striatum Fi26=11.98; p < 0.01 Fix<l1 Fi2=1.98;p>0.05
Midbrain Fi2 =25.75; p < 0.001 Fi<1 Fi2=12.37; p < 0.01
5-HIAA
Hypothalamus Fis<1 Fis<1 Fixs=3.57,p=0.07
Frontal cortex Fis<1 Fi,s=1.90;p > 0.05 Fis<1
Nucleus accumbens Fixs<1 Fixs=1.13;p > 0.05 Fi25=15.06; p <0.05
Hippocampus Fi=2.71;p > 0.05 Fix<1 Fixs<1
Striatum Fi2=11.03; p < 0.01 Fis<1 Fi2=12.19; p < 0.01
Midbrain Fi26=6.19; p < 0.05 Fi6=1.99; p >0.05 Fix<l1
5-HIAA/5-HT

Hypothalamus Fis<1 Fis<1 Fi125=4.62; p <0.05
Frontal cortex Fis<1 Fi25=12.69;p > 0.05 Fias<1
Nucleus accumbens Fis<1 Fi.s=1.04;p>0.05 Fi125=4.66; p <0.05
Hippocampus Fix<1 Fi26=5.02; p <0.05 Fis<1
Striatum Fi2=1.07;p>0.05 Fi2=2.04; p > 0.05 Fi26=4.11; p < 0.05
Midbrain Fi2 = 5.83; p <0.05 Fis<1 Fi26=38.08; p < 0.01

Note. Statistically significant results are shown in bold.

mice, there was a trend toward the increase in the NE
content (p = 0.66). ANOVA also showed the effect of
the genotype (F,,s = 15.61; p < 0.001), but not ethanol
(Fi6=3,95; p=0,058) or interaction between these
factors (F, 5 < 1) in the midbrain. Group comparison re-
vealed no differences in the NE content in the midbrain
between the control and experimental mice (Fig. 4).

DISCUSSION

This study was aimed to reveal the role of the
C1473G SNP in the 7ph2 gene in the acute effects of
ethanol on the mouse nervous system, including expres-
sion of the early response c-fos gene and metabolism of
biogenic amines in the brain structures of mice from the

BIOCHEMISTRY (Moscow) Vol. 88 No. 3 2023
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Fig. 3. Effect of acute ethanol administration on the content of DA (a), its metabolites DOPAC (b) and HVA (c¢), and DA metabolism index
DOPAC + HVA/DA (d) in the brain structures of B6-1473C (C/C) and B6-1473G (G/G) mice (n = 7-8 in each group); * p < 0.05 compared
to animals of the control group.
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Table 3. ANOVA analysis of the effect of “genotype” and “ethanol” factors and their interaction on the content of DA,
DOPAC, and HVA and dopamine metabolism index DOPAC+HVA/DA in the brain structures of B6-1473C (C/C)
and B6-1473G (G/G) mice injected with ethanol

Brain structure Genotype Ethanol Genotype x Ethanol

DA

Nucleus accumbens Fis=1091;p >0.05 Fis<1 Fis<1

Substantia nigra Fis<1 Fias<1 Fis<1

Striatum Fi.6=47.95; p < 0.001 Fix<1 Fi =2.01; p = 0.055

DOPAC

Nucleus accumbens Fi25=3;26; p=0.08 Fis<1 Fis=1.08; p > 0.05

Substantia nigra Fis<1 Fias<1 Fis<1

Striatum Fi26=6.38; p <0.05 Fix<1 Fi26=10.05; p < 0.01
HVA

Nucleus accumbens Fis<1 Fis<1 Fi,5=4.05; p=0.056

Substantia nigra Fis<l1 Fias<1 Fis<1

Striatum Fi26=6.80; p <0.001 Fix<1 Fi6=1.99; p > 0.05

DOPAC + HVA/DA

Nucleus accumbens Fis=1.62;p > 0.05 Fis<1 Fixs=2.14; p > 0.05

Substantia nigra Fis <1 Fis<1 Fixs<1

Striatum Fi26 =14.36; p < 0.001 Fis<1 Fix<1

Note. Statistically significant results are shown in bold.

3

[
()]

[
(=}

—

NA, ng/mg protein

0

9]

9]

Osaline

M Hethanol

G/G C/C G/G | C/C G/G | C/IC G/G | C/C

hypothalamus | frontal cortex nucleus hippocampus midbrain
accumbens

C/C G/G

Fig. 4. Effect of acute ethanol administration on the NE content in the brain structures of B6-1473C (C/C) and B6-1473G (G/G) mice (n = 7-8 in
each group); ** p < 0.01 compared to animals of the control group.
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congenic B6-1473C and B6-1473G strains. The mouse
strains differed in the presence of the C1473G SNP in
the Tph2 gene and, therefore, exhibited different activity
of the encoded enzyme [16].

According to the published data, upregulation of
the c-fos expression is an indicator of neuronal activity
in the brain induced by various stress factors including
acute alcohol intoxication [25, 32, 33]. It was observed
that the level of the c-fos mRNA increases within 1 h
after ethanol administration at a dose of 0.25-4 g/kg
body weight [21, 23]. However, some researchers argue
that even if the upregulation of the c-fos expression and
synthesis of its protein product may provide an import-
ant information on the activation of cellular signaling,
the absence of expression upregulation does not neces-
sarily indicate the lack of neuronal activation after ex-
perimental manipulations [34]. We found that changes
in the c-fos expression pattern induced by alcohol ad-
ministration differed in different brain structures. Thus,
alcohol increased the levels of c-fos mRNA in the hippo-
campus of B6-1473C mice (with normal TPH2 activity)
and in the frontal cortex and striatum of B6-1473G mice
(with the TPH2 activity decreased by 50%). Interesting-
ly, in the earlier experiments on the effect of acute emo-
tional stress (30 min), expression of c-fos significantly
increased in the hippocampus and cortex of mice from
both strains [17].

Multiple studies have shown that acute alcohol ad-
ministration might either increase or decrease the con-
tent of 5-HT and its main metabolite 5-HIAA in the
entire brain and/or its regions, or might have no effect
on the level of these compounds in the brain [35, 36].
Such discrepancies can be explained by the fact that the
authors of such studies have used different animals, an-
imal strains, and experimental designs (ethanol dose,
method of administration, time intervals, etc.). In our
study, we observed significant alcohol-induced chang-
es in the serotonin metabolism in B6-1473G mice, such
as decrease in the 5-HT content in the raphe nuclei in
the midbrain and in the content of 5-HIAA in the stri-
atum, as well as in the serotonin metabolism index in
the hippocampus and striatum. In B6-1473C mice, the
most susceptible brain structure was nucleus accumbens,
where acute alcohol administration caused a decrease
in the 5-HIAA content and serotonin metabolism in-
dex. Notably, the serotonin metabolism index in the
raphe nuclei changed in the opposite directions in the
two mouse strains, i.e., decreased in B6-1473C mice
and increased in B6-1473G mice (although at the trend
level). Since raphe nuclei are the major area containing
cell bodies of serotoninergic neurons [8], we explain the
observed effect of ethanol by the features of the sero-
tonin system in the brain of B6-1473G mice. It should
be noted that despite the fact that the substitution of
cytosine with guanine at position 1473 in the 7ph2 gene
results in a significant decrease in the TPH2 activity, we
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found no differences in the 5-HT content between the
control groups of B6-1473G and B6-1473C mice, which
is in agreement with the results of earlier studies [16, 37].
This can be explained by the development of compen-
satory processes in the serotonin system in the brain of
B6-1473G mice (due to the decrease in the TPH2 ac-
tivity). One of these processes is desensitization of pre-
synaptic 5-HT,, receptors located in the raphe nuclei
and regulating serotonin release by the feedback mech-
anism [38]. The mechanisms underlying the effect of
acute alcohol administration of the 5-HT release remain
unclear, although it is believed that they involve the ac-
tivity of presynaptic 5-HT,, autoreceptors [39]. It was
suggested that acute alcohol administration in B6-1473G
mice disrupts the compensatory processes in the mid-
brain, making serotonin brain system more susceptible to
alcohol. This hypothesis is corroborated by the data on
the alcohol-induced increase in the sensitivity of 5-HT, 5
autoreceptors [40]. It should be noted that the 30-min
restriction stress produced a significant effect on the
5-HT metabolism in B6-1473C mice [17]. Taken togeth-
er with the results of our work, these data suggest an ex-
istence of different mechanisms regulating the effects of
acute emotional stress on the brain serotonin system and
expression of the early response c-fos in B6-1473G and
B6-1473C mice.

Other important neurotransmitters involved in the
control of ethanol-induced effects on the nervous sys-
tem are DA and NE [41, 42]. We found that alcohol
administration caused the opposite effects on the con-
tent of DA metabolite DOPAC in the striatum, i.e., de-
creased it in B6-1473G mice and increased in B6-1473C
mice. The latter result can indirectly indicate induc-
tion by ethanol of the increase in the content of ex-
tracellular DA in the striatum, which is in agreement
with the published data [43]. It was shown earlier that
the C1473G SNP in the Tph2 gene affects the metab-
olism of the DA brain system resulting in the decrease
in the DA and DOPAC levels in the midbrain and stri-
atum [44], although the mechanism of this effect also
remains unknown. It is possible that alterations in the
dopamine system in B6-1473G mice determine the dif-
ferences in the response of this brain system to alcohol
in the two strains of mice. Also, we observed an alco-
hol-induced decrease in the NE content in the hypo-
thalamus in B6-1473C mice only, which correlated with
the data on a higher sensitivity of these animals to acute
stress [17].

Therefore, the C1473G SNP in the Tph2 gene is
involved in the regulation of the effects of acute alcohol
administration on the expression of the early response
c-fos gene and metabolism of important neurotransmit-
ters, such as serotonin and catecholamines. Our results
suggest that B6-1473G and B6-1473C mice can be used
in studying the regulation of alcohol action on the cen-
tral nervous system.
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