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The main aim of this study was to reveal the relationship between thiamine metabolism and the re-
dox balance of cellular metabolism in chronic alimentary thiamine deficiency. On the experimental model of
chronic alimentary thiamine deficiency (hypovitaminosis) the dynamics of changes in the indicators of thia-
mine diphosphate (ThDP) synthesis and the redox state in rat brain tissue were studied. In the whole brain
homogenate of the rat, the levels of ThDP and thiamine pyrophosphokinase (TPK) activity as well as the levels
of free SH-groups and reactive oxygen species (ROS) were measured. The results obtained showed, even with
a very limited supply of thiamine into the body (model of alimentary hypovitaminosis), there was no increase
in the level of ROS (one of the signs of oxidative stress) in the brain tissue, while the level of free SH-groups
significantly decreased. Under these conditions the content of ThDP (the coenzyme form of thiamine) in brain
tissue changes insignificantly that suggests that there are non-coenzymatic mechanisms of vitamin B, involve-
ment in maintaining cellular redox homeostasis. The analysis of changes in the ThDP content and the TPK
activity in the cerebral cortex, cerebellum and hippocampus of the rats’ brain in the dynamics of hypovita-
minosis development and TPK immunoreactivity at the end of the experiment showed that the ThDP synthesis
in cells of various brain regions under the indicated conditions does not depend on the redox state, but is
regulated by the level of ThDP.

Key words: thiamine, B, hypovitaminosis, thiamine diphosphate, thiamine kinase, thiamine in the brain
regions, thiamine and oxidative stress.

V itamin B, (thiamine) is one of the essen-
tial factors of human and animal nutri-
tion, which constantly needs to be ingested
into with food. The literature data indicates that the
chronic vitamin B, deficiency in the body leads to
degenerative changes in the brain. Similar changes
are observed in classic common neurodegenerative
pathologies, such as Wernicke-Korsakoff syndrome
(consequences of alcoholism), Alzheimer’s disease,
Parkinson’s disease, etc. [1-4].

On the other hand, a lot of data indicate that
almost all human neurodegenerative diseases are
accompanied by thiamine deficiency (TD). That is
why more and more researchers are using TD model
as the experimental model of neurodegeneration
[4-6]. However, the molecular mechanisms, which

are responsible for interaction between the TD and
the degenerative processes initiation, have not been
clarified completely up to date. Although, the under-
standing of these mechanisms is a necessary step on
the way of preventing and treating the neurodegen-
erative pathologies.

Strict classical forms of vitamin B, deficiency
are now extremely rare [7]. But the hypovitaminosis
state (a chronic lack of vitamin B, intake) is quite
common even in developed countries [7, 8]. And
this state may be the cause of negative changes in
nerve cells, which could initiate the degenerative
processes. At the same time the thiamine metabo-
lism in the brain is poorly understood in both the
alimentary avitaminosis and, especially, chronic hy-
povitaminosis B,.
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It is known, that rats fed with thiamine-defi-
cient diet demonstrate the constancy of the thiamine
diphosphate (ThDP) level in the brain, as long as
ThDP is “pumped” from other organs, and brain
ThDP level declines only after the depletion of thia-
mine pool in other organs [9, 10]. In experimental
chronic alcoholism model ThDP level in brain tissue
is also maintained at a fairly constant level for a long
time, while the activity of enzyme which is involved
in its synthesis — thiamine pyrophosphokinase (TPK,
2.7.6.2) may decrease [10].

The information regarding thiamine metabo-
lism changes in B, hypovitaminosis condition is
practically absent. In particular, it is unknown what
kind of changes in ThDP synthesis occurs and how
the intracellular redox state (redox balance) in the
brain may vary under these conditions. A mainte-
nance of normal intracellular redox status plays an
important role in such processes as enzymatic ac-
tivity, DNA synthesis, gene expression, and others.
Small changes in intracellular levels of reactive
oxygen species (ROS) are involved in intracellular
signaling [11]. Thiol-containing molecules, such as
glutathione, also play an important role in maintai-
ning redox homeostasis and redox regulation. A
major role in redox regulation is played by the pro-
cess of modification of sulfhydryl groups in proteins.
The participants in this process are, on the one hand,
ROS, and on the other, thiol-containing molecules.
Glutathione is a tripeptide (L-y-glutamyl-L-cysteinyl
glycine), a special property of which is the presen-
ce of a free sulfhydryl group. This compound is
widely distributed in cells of different types and ac-
counts 90-95% of the pool of low molecular weight
thiols [12]. Due to the high level of glutathione (up
to 10 mM) and the fact that the concentration of its
reduced form is 1-2 orders of magnitude higher than
the concentration of the oxidized form, glutathione
is the main redox buffer in cells [13]. Taking into ac-
count the abovementioned the level of reduced glu-
tathione in tissues can be estimated from the index
of the free SH-groups content.

The purpose of this study was to investigate the
relationship between ThDP content, the activity and
immunoreactivity of TPK and the violation of the
redox state in brain tissue of rats in the process of
B, hypovitaminosis development. The level of ROS
and the content of free reduced SH groups were used
as indicators of the redox state of brain tissue.

Materials and Methods

Ethics statement. All animal procedures were
conducted in accordance with the requirements of
European Convention for the protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes (Strasbourg, 1986) and the “Rules of work
with the experimental animal” approved by the
Commission for the Care, Maintenance and Use of
Experimental Animals of the Palladin Institute of
Biochemistry, NAS of Ukraine.

Animal experiment. Wistar rats, males, with
initial weights of 75-85 g were used in the experi-
ments. Two alimentary TD models were used in the
experiments: alimentary hypovitaminosis (Hv-T)
and alimentary avitaminosis (Av-T). Gubler’s pre-
scription [14, 15] was used as the basis for the TD
diet. For Hv-T model to the TD diet thiamine was
added at a dose of 200 ug per 1 kg of feed (Hv-T).
This dose corresponded to a 15-20% of animals'
daily requirement for thiamine (taking into account
the rats food intake — about 15-20 g per day) [16].
Pair-fed control rats were administered each orally
200 pg of thiamine (dissolved in physiological sa-
line) daily in addition to the TD diet. Four control
and 4-5 experimental rats were selected at the begin-
ning of the experiment and after 3, 4 and 5 weeks
of keeping animals on the Hv-T diet to analyze the
biochemical parameters indicated below. In total,
16 and 18 rats were used in the control and Hv-T
groups, respectively. Animals in groups Av-T and
Hv-T were housed one per cage.

The Av-T model rats (n = 12) were kept on the
TD diet without the addition of thiamine, the control
rats (n = 6) in this model were pair-fed with the same
diet and also received a thiamine daily, in the same
dose as in the Hv-T case. Av-T model development
lasted 3.5 weeks. Thiamine, at a dose of 200 pg per
animal (this corresponds to about 2 mg of thiamine
per 1 kg of body weight [15], was injected to a half
of the Av-T group of rats (n = 6) a day before the end
of the experiment.

At the end of the experiment, the rats were de-
capitated and the liver, brains and its parts (cortex,
cerebellum and hippocampus) were taken for ana-
lysis.

TPK activity and ThDP determination. The
TPK activity was determined by the described
method [17]. The principle of the method is to deter-
mine the ThDP amount formed after thiamine incu-
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bation with the TPK preparation — in our case with
the tissue homogenates. The ThDP content was de-
termined with the developed express-method using
the apoenzyme of yeast apopyruvate decarboxylase
(apoPDK) [17]. Aliquots of brain homogenates and
samples (after homogenates incubation with thia-
mine, in the TPK activity determine case) were incu-
bated in phosphate buffer (pH 6.8) with apoenzyme
for 30 min. The enzymatic determination of ThDP
is based on its recombination as a coenzyme with
apoPDK, and the alcohol dehydrogenase reaction
with a pyruvate excess. The reaction was registered
by NAD-H, oxidation. ApoPDK for the ThDP de-
termination was obtained from brewer's yeast (Sac-
charomyces carlsbergensis) in the sulfate paste form
[17], which was stored at -20 °C. The apoenzyme
was obtained from the paste just before the experi-
ment. The amount of formed ThDP was calculated
from the calibration curve, which was constructed
using a standard ThDP reagent.

Western-blott analysis. The proteins were sepa-
rated by their molecular weight using gel-electropho-
resis in a polyacrylamide gel (PAGE) under denatur-
ing conditions with the Laemmli method [18], in a
vertical electrophoresis chamber (SCIE-PLUS, Eng-
land). Samples for electrophoresis were diluted with
a 4-fold sample buffer (125 mM Tris-HCI (pH 6.8),
20% glycerol, 10% SDS, 0.2 M dithiothreitol, 0.1%
bromophenol blue) and were heated for 5 min at
95 °C. Samples were applied at a rate of 100 pg of
protein per track. The concentration of the separa-
ting PAGE was 10%. Nitrocellulose membrane was
used for electrotransfer of proteins. Electrotransfer
was performed for 2 h at a voltage of 100 V. Sites of
non-specific sorption on the membrane were blocked
for two hours in PBS, which contained 5% dried
milk (Sigma, USA) and 0.1% Tween-20. Further, the
membrane was washed with PBST, incubated with
primary antibodies (anti-TPK1 "Abcam", monoclo-
nal) for 16 h at 4 °C.

Nonspecifically bound antibodies were re-
moved by washing in PBST (5 times for 3 min),
and then membrane was incubated with secondary
antibodies conjugated with horseradish peroxidase
(Sigma, USA, anti-rabbit, No. 9169). After washing,
the immunoreactive zones were visualized using an
ECL kit, the result was fixed on an X-ray film.

Measurement of total thiamine in the liver. To
determine the total thiamine content in the liver, the
tissue was homogenized. Thiamine and its phos-
phates were extracted by boiling in an acidic me-
dium. For the phosphoric thiamine esters hydrolysis,
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the samples have been incubated for 18 h with acid
phosphatase (pHopt 4.5), after which the precipitate
was separated by centrifugation. The supernatant
was applied to the ion exchange resin IRC-50. After
washing, the thiamine was eluted from the column
with 0.1 N HCI. The thiamine determination in
the eluates was carried out using well-known thio-
chrome method [17].

Redox state indices and total protein determi-
nation. The intracellular level of reactive oxygen spe-
cies (ROS) was determined using a specific molecu-
lar reagent - 2',7"-dichlorohydrofluorescin diacetate
(H,DCF-DA) (Sigma, USA) [19]. The fluorescence
intensity was measured with spectrofluorimeter
(Perkin-Elmer LS-50) at an excitation and emission
wavelength of 497 and 525 nm, respectively, the slit
width was 2.5-5.0 nm. The measurements were car-
ried out at room temperature (21-23 °C). Determina-
tion of the free SH-groups concentration was car-
ried out using the Ellman reagent according to the
previously described method [15].

The total protein content was determined by
the Lowry method and spectrophotometrically at
280 nm [20].

Statistical analysis. The experimental data
are presented as mean + SEM. Tissue extracts from
each animal were analyzed separately, with the as-
says of each extract carried out in two or three rep-
licates. The data from independent series of experi-
ments were pooled. The total number of animals
contributing to the results presented (n) is indicated
in the figure legends. Intergroup differences were
estimated using the Student’s #-test and were con-
sidered significant at P < 0.05. For calculations and
graphical presentation of the results obtained, we
used software tool MS Office Excel 2007.

Results and Discussion

In order to get closer to the real life situation,
in which the body often does not receive the re-
quired daily amount of thiamine, we [15] developed
in previous studies the model of B, hypovitaminosis
(Hv-T model), in which the animals were receiving
a diet only with 20% of the required thiamine. Ex-
periments with the Hv-T model development con-
tinued over five weeks, with the Av-T — over three
and a half weeks. According to the results obtained
previously, rats in the Hv-T group up to 3 weeks of
the diet feeding were still gaining weight, although
they lagged behind the average weight of the control
group. Since the fourth week of the experiment, in



Yu. M. Parkhomenko, A. S. Paviova, O. A. Mejenskaya et al.

the Hv-T group the animals’ weight was significantly
reduced.

After the indicated periods of keeping animals
on each diet, we analyzed the biochemical parame-
ters, including the level of ROS and free SH-groups.
Thiamine deficiency is usually associated with the
development of oxidative stress [21]. However, un-
der these conditions, we did not observe the ROS
level increase in the Hv-T group — this index was
78.0 = 7.6% of the same value in the control group;
the level of SH groups was 59.3 + 7.1%, respectively.
The TPK activity in the brain at the end of the ex-
periment was 35% higher than in the control [15].

One of this study’s tasks was to track the
dynamics of changes in the studied parameters,
starting from the third week of keeping animals on
the Hv-T diet. The aim was to determine the correla-
tion between the indices of the metabolic processes
oxidation-reduction state and thiamine metabolism
parameters in the rat brain. For comparison, a simi-
lar study was conducted for animals kept on the
Av-T diet.

Thiamine metabolism parameters. As was men-
tioned earlier, it had been shown experimentally, that
with insufficient intake of thiamine into the body,
the brain maintained a constant level of thiamine
to the last extent by pumping it from other organs,
primarily from the liver, kidney and blood [9-10]. In
our study the thiamine content in the animals’ liver
was considered as a relative indicator of thiamine
depletion in the body.

A

—e— Control =—==—Hv-T

Total thiamine content,
Mg per 1 g liver tissue

Days on the Hv-T diet

The data on the total thiamine content in the
rats’ liver in two series of experiments: B -hypovi-
taminosis and B, -avitaminosis presented in Fig. 1,
A and B.

It should be noted that during the Hv-T develop-
ment, after 3 weeks the thiamine content in the liver
was 21.0 £ 6.5% of its content in the control group.
And at the end of the experiment this index was
halved again. In the Av-T group vitamin depletion
in the liver occured earlier — in 3.5 weeks this in-
dex was 10.8 + 1.7% of the control group and after a
single administration of thiamine, this value did not
increase significantly. Under the same conditions, we
tested the ThDP content in the brain tissue homoge-
nate using a sensitive enzymatic express method.
The ThDP content in brain tissue of Hv-T rats after
3 weeks of maintenance on a thiamine-deficient diet
decreased slightly, and even by the end of the experi-
ment it differed little from the control one (Fig. 2).

The ThDP content in the brain tissue of the
control animals and Hv-T animals did not differ sig-
nificantly. But this was significantly lower relative
to appropriate control in the Av-T group and a single
injection of thiamine (200 pg per day) did not lead to
its normalization (Fig. 2, B).

Changes in ThDP metabolism parameters in
different regions of the brain. The literature data
show that in neurodegenerative pathologies (Wer-
nicke-Korsakov syndrome, Alzheimer’s and Par-
kinson’s disease, etc.), as well as in TD, changes in
different brain regions do not occur synchronously

Mg per 1 g liver tissue
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Fig. 1. The total thiamine content in the liver of experimental rats: A — in the dynamics of B-hypovitaminosis
development (Hv-T, for each point n = 4-5) and B — in the liver of B -avitaminous rats at the end of the ex-
periment — 3.5 weeks (Av-T, n = 6). The data are presented as the mean = SEM. Note: *P < 0.05, statistically

significant difference from control group.
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Fig. 2. ThDP content in the brain tissue of B-hypovitaminous rats (Hv-T) in the dynamics of Hv-T develop-
ment (A, n = 4-5) and in the brain tissue of B -avitaminous rats (Av-T, n = 6) at the end of the experiment (B).
The data are presented as the mean = SEM. * P < (.05, statistically significant difference from control group

[22-24]. Taking into account these observations, we
considered it worthwhile to study changes in ThDP
metabolism in different parts of the brain during the
Hv-T development. In order to clarify this issue, we
analyzed the ThDP content and the TPK activity in
three brain areas: the cerebral cortex, the cerebellum
and the hippocampus.

The data summarized in Fig. 3, indicate that
the ThDP level in different brain areas fluctuates in a
fairly wide range, but there is a tendency to maintain
its constant level during 5 weeks on the Hv-T diet.

Characteristic changes were observed in the
TPK activity in the three brain regions as Hv-T de-
velops (Fig. 4, 4 and B). Analysis of the data shown

in Fig. 3 and Fig. 4 suggests that there is an inverse
correlation between TPK activity and ThDP content
(with some lag in TPK activity).

As can be seen from the data shown in Fig. 3
and 4, an increase in the TPK activity (per 1 mg of
protein) in the brain regions was observed only af-
ter the preliminary decrease in ThDP concentration
to a certain level, and this process was probably ac-
companied by an increase in the ThDP production.
Fig. 3, A and B show data on the TPK activity per
1 mg of protein (4) and 1 g of tissue (B) for each
part of the brain, so it can be seen that the ability of
certain brain regions to synthesize ThDP in the dy-
namics of Hv-T development is not the same.
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Fig. 3. ThDP content in the brain regions of B-hypovitaminous rats (Hv-T), in % of the same index for paired-
fed control. The data are presented as the mean + SEM, for each point n = 4-5

88



Yu. M. Parkhomenko, A. S. Paviova, O. A. Mejenskaya et al.

—4— Hippocampus

A
400 . —4— Cortex —c= Cerebellum

©
a ‘E 350 frmmmmmmm e e e
Qg
c° B00 Fsmim i s S
o ©
T 250 fr---mmceemmemcmeeeecciaceaieeaaaea.
8 <
G 200 frmmmemomememnm s
= g 150 Fisms s st s b ame
52
F5 R EmmT e

o 50 L T T T -

0
0 7 14

28 35 42

Days on the diet

B

180 7 =—e—Cortex === Hippocamp =={3== Cerebellum

160 -
140 -

120

80 1

60

tissue, % of control

40
20 1

TPK activity per 1 g brain

Days on the diet

Fig. 4. TPK activity in the brain regions of B -hypovitaminous rats (Hv-T), per 1 mg of protein (A) and 1 g of
tissue (B), in % of paired control. The data are presented as the mean + SEM, for each point n = 4-5

Western blot analysis. To determine whether an
increase in TPK activity occurs due to an increase
in the amount of enzyme or TPK activity the regula-
tion is carried out without changing in the protein
amount, the enzyme immunoreactivity was tested at
the end of the Hv-T experiment with Western blot
analysis using anti-TPK antibodies.

The data shown in Fig. 5, confirm preliminary
results about the TPK immunoreactivity increase in
the brain regions at the late stages of Hv-T, which
also may indicate an increase in the TPK protein
level. Based on these data, it can be assumed that
ThDP, as a reaction product, participates in the regu-
lation of TPK expression in nerve cells.

Another picture of the change of TPK immu-
noreactivity in the brain regions was observed in
the Av-T group. In this experiment, at the end, the
Av-T rats were divided into two subgroups, one of

which was administered per os thiamine at a dose of
200 pg one day before decapitation. The purpose of
administration was to test the thiamine metabolism
system ability to respond to the vitamin intake under
these conditions. The results are shown in Fig. 6.

As can be seen from the data presented, in the
Av-T group the TPK immunoreactivity is signifi-
cantly reduced in all three regions after 3.5 weeks of
dietary maintenance. Resumption of thiamine supply
promoted the normalization of this parameter in the
cerebellum and hippocampus, but no such effect was
observed in the cortex.

Parameters of the metabolism redox state. Si-
multaneously with the thiamine metabolism parame-
ters determination, in both series of experiments, the
general parameters characterizing the redox state
of metabolism in the tissue were determined in the
brain homogenates. The free SH-groups content
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Fig. 5. Immunoreactivity of TPK in the three brain regions of control and hypovitaminous rats (Hv-T) after 5
weeks on the Hv-T diet: A — cortex, B — cerebellum, C — hippocampus (normalization — by the amount of pro-
tein, samples were applied at amount 100 ug of protein per track for electrophoretic protein separation). The
experiment was replicated three times, and the results were expressed as the mean £ SEM in the histogram.
*P < 0.05, statistically significant difference from control group

(reflects the content of reduced glutathione) and the
ROS level were determined. The data obtained are
shown in Fig. 7 and 8.

As can be seen from the data given in Fig. 7,
after 3 weeks on Hv-T and Av-T diets, in both groups
of animals the free SH-groups level in the brain tis-
sue decreases.

The indicator, which characterizes the level of
reactions with the ROS formation, decreases in Hv-T
group brains after three weeks of keeping them on
a diet and continues to gradually decrease until the
end of the experiment (Fig. 8). In the Av-T group, in
three weeks, the ROS level, on the contrary, is sig-
nificantly higher than the same value in the control
(Fig. 8). The ROS level reduction during the whole
experiment in the Hv-T group can be explained by
the slowing down of the oxidation-reduction reac-
tions in the brain cells. Furthermore it could be, that
the amount of thiamine, which goes to the brain un-
der these conditions, is sufficient to neutralize the
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free oxygen radicals excess. This is quite possible,
given that thiamine derivatives are able to interact
with such structures [25].

Analysis of the data on the evaluation of the re-
dox state in rats’ brain tissue in two TD forms shows
that in the condition of a slow decrease in the thia-
mine body's supply level (hypovitaminosis), there
are no obvious signs of oxidative stress in the brain
(Fig. 8, 4), as may be evidenced by an increase in
the ROS level. At the same time, under these con-
ditions, the glutathione level (which prevails in the
pool of low molecular weight thiols) is significantly
reduced and is reflected in our study as a “free SH-
groups” indicator (Fig. 8, 4). In the brain tissue of
Av-T group animals, the glutathione content is also
decreased (Fig. 7, B), while the level of ROS is sig-
nificantly increased (Fig. 8, B) .

Comparing the above data (estimation of some
indicators of the redox state in the brain tissue, data
on the ThDP content, TPK activity and TPK immu-
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replicated three times, and the results in % of control were expressed as the mean = SEM in the histogram.
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Fig. 7. Content of free SH-groups in the brain tissue of hypovitaminous rats (Hv-T) in dynamics (A, for each

point n = 4-5) and rats on avitaminous diet (Av-T) at the end of the experiment (B, n = 6). The data are pre-
sented as the mean = SEM, *P < 0.05, statistically significant difference from control group
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noblotting in the brain regions in Hv-T (Fig. 2, 4 and
Fig. 6, A), we can conclude that under these condi-
tions the TPK activity in different parts of the brain
does not depend on the intracellular redox state, but
is regulated by the ThDP level in an unknown way.
A different picture was observed with Av-T. In this
case, not only the reducing capacity of the cells de-
creases (the reduced glutathione content reduction,
Fig. 7, B), but also the level of ROS increases (Fig. 8,
B), which indicates the development of oxidative
stress in brain tissue. It can be assumed that under
these conditions, TPK activity and immunoreactivi-
ty decrease (Fig. 6, B) is partly a consequence of the
protein modification due to changes the intracellular
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redox state [26, 27]. These changes are reversible
and, as can be seen from the data presented, even
with a single thiamine administration, redox state
normalization was observed.

At the same time, single thiamine administra-
tion was not enough for ThDP level rapid normali-
zation in the brain tissue of Av-T rats. The data ob-
tained may indicate that the primary reason for the
disturbance of redox balance in thiamine deficiency
may be a decrease in the intracellular pool of thia-
mine and its biologically active derivatives, which
in themselves are capable to neutralize free-radical
compounds [25, 28]. However, this assumption re-
quires further experimental proof.
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CHUHTE3 TIAMIHAN®OCDATY

I IOKA3HUKHU OKUCHO-
BIJHOBHOI'O CTAHY TKAHUHHU
MO3KY H{YPIB 3A PO3BUTKY
TI'IIIOBITAMIHO3Y B,

0. M. Hapxomenxo, O. C. Ilagnosa,
O. O. Meoicencora, C. I1. Cmenanenxo,
JI. I. Yexosecovra

[acTuTyT 6ioximii im. O. B. [Mannanina
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e-mail: yupark@biochem.kiev.ua

Metoro 1BOTO JOCHIKEHHST Oylo BHSBH-
TH B3a€EMO3B’I30K MK OOMIHOM TiaMiHy 1 cTa-
HOM OKHCJIOBaJIbHO-BIJIHOBHOI'O TOMEOCTa3y B
KJIITHHAX MO3KY NPH XPOHIYHOMY aJliMEHTapHOMY
nedinuti  Tiaminy. Ha  excnepuMeHTabHIH
MOJICJII  XPOHIYHOT ajiMEHTApHOI HEIOCTaTHOCTI
TiamiHy (TIMOBITAMiHO3) JOCIHIKEHO JHHAMIKY
3MIiH B TIOKa3HUKax CHHTE3y TiaMmiHaudochaty
(TAD) 1 3arasbHUX TOKAa3HUKAX PEIOKC-OanmaHcy
MEeTa0OIYHKUX MPOIIECIB Y TKAHUHI MO3KY LIy pPiB. Y
LIJIICHOMY TOMOT'€HATI MO3KY IIypiB BUMIPHOBaIU
pienb TIA® i akTuBHICTH TiamiHmipodocdoKiHazu
(TTIK), a Takox piBeHb BUIBHUX SH-rpym i ax-
tuBHUX (opMm kucHio (ADK). Omepkani pe3yiib-
TaTH TOKa3alid, 110 HaBITh 3a Jyke OOMEKEHO-
ro HaJIXOIDKCHHS TiaMiHy B OpraHiaM (MoOJIelsb
aJIMEHTAPHOTO TOBITAMIHO3Y) HE CIIOCTEPITaiocs
nigBuieHHs piBHs ADK (oaHOrO 3 03HAK OKHUCHO-
ro CTpecy) B TKaHHMHI MO3KY, B TOH Yac SK PiBCHb
BiTbHUX SH-Tpynm icTOTHO 3HHMKYBaBcs. Y IHMX
ymoBax BMicT T/I® (koeHszumHoi ¢opMu TiamiHy)
B TKaHWHI MO3KY 3MIHIOBAaBCSI HE3HAYHO, IO JIAJI0
MiJCTaBH MPUITYCTHTH ICHYBaHHS HEKOCH3UMHUX
MEXaHi3MiB y4acTi BiTaminy B, y mniarpumanui
KJIITHHHOTO PEIOKC-roMeocTas’y. AHaji3 3MiH Yy
BMmicti TJI® 1 akruHocTi TIIK y kopi, mMo30u4-
Ky 1 Timokamii MO3Ky LIypiB y JHUHAMII PO3BUT-
Ky TimoBiTaMino3y i imyHopeaktuBHocTi TIIK B
KIHI[I eKCTICpUMEHTY IoKa3as, mo cunte3 TID B
KJIITHHAX Pi3HUX BiJJIUJIIB MO3KY HE 3aJIeKHUTh BiJI
OKHUCJIFOBAJIbHO-BITHOBHOTO CTaHy MeTa0oJi3My, a
perymntoerbes piBHem T/1D.

KnwoyoBli cumoBa: TiaMiH, TIaMIHIU-
docdar, rinosiraminos B, Tiaminnipogocdokinasa,
oOMiH TiaMiHy B Bi/IJlilaXx MO3KY, TiaMiH i OKcHJia-
TUBHMU CTpEC.

CUHTE3 TUAMUHAU®OCDPATA U
HOKA3ATEJIN OKUCJIUTEJBHO-
BOCCTAHOBUMTEJIBHOI'O
COCTOsIHUS TKAHU MO3TI'A KPBIC
P TUTIOBUTAMHWHO3E B,

1O. M. Ilapxomenxo, A. C. Ilagnosa,
O. A. Meocenckas, C. I1. Cmenanenxo,
JI. . Yexosckas

WucTuryT Onoxumuu um. A. B. [Tamiaguaa
HAH VYkpaunst, Kues:
e-mail: yupark@biochem.kiev.ua

Lenplo AaHHOTO WHCCIENOBaHUS OBLIO BBI-
SIBUTh B3aMMOCBSI3b MEXKJIYy OOMEHOM THaMHHA H
COCTOSIHUEM OKHUCIUTEIbHO-BOCCTAHOBUTEIIBHOIO
roMeocTa3a B KJETKAaX MO3ra IpH XPOHUYECKOM
aJuMeHTapHoM aepunuTe THamMuHa. Ha skcmepu-
MEHTAJIBHON MOJEIN XPOHUUYECKON aTuMEHTApHOU
HEIOCTaTOYHOCTH THaMHHa (TMIIOBUTAMHHO3) HC-
Cle0BaHa JAWHAMHMKA W3MEHEHHMH B II0KA3aTelsX
cunre3a TuamuHaupochata (TAD) u B o0mux no-
KaszaTelsix peaokc-OanaHca TKaHU MO3ra Kpbic. B
LEJIbHOM I'OMOI'€HATEe MO3ra KpbIC U3MEPSIH ypPo-
BeHb T/I® u akTuBHOCTH THAMUHTIUPO(DOCHOKHHA-
3p1 (TIIK), a Takxe ypoBeHb cBOOOAHBIX SH-Tpynm
U akTUBHBIX QopMm kucnopona (ADPK). Ycranosie-
HO, YTO JIa)K€ IIPU OYEHb OTPAHUYECHHOM IOCTYILIE-
HUU THAMUHA B OPraHU3M (MOZEb aJITUMEHTapPHOTO
TUTIOBUTAMHMHO32) B TKaHW MO3ra He HaOII01anoch
nobltieHne ypoBHa ADK (onHOro M3 NMpU3HAKOB
OKHCJIMTENIBHOTO CTpecca), B TO BpeMsI KaK YPOBEHb
cBOOOAHBIX SH-rpynn CyImecTBEHHO CHHKAJICS.
B stux ycnoBusx cogepxxanue TID (KorH3MMHOM
(opMBl THAMUHA) B TKaHW MO3Ta W3MEHSIIOCH He-
3HAUUTENIBHO, YTO AAJI0 OCHOBAHUSI MIPEATIONOKUTH
CyLIECTBOBAHHE HEKOZH3UMHBIX MEXAaHU3MOB y4da-
CTUs BUTaMHMHA B, B momiepaHuu KJIETOYHOTO
penokc-romeocTtaza. AHaau3 U3MEHEHMH B cofep-
skanuu T/I® u aktusHoctu TPK B KOpe, MO3XKEUKe
U TUIIIIOKAMIIE MO3Ta KpBIC B JUHAMUKE PA3BUTUS
TUIIOBUTAMHUHO3a U UMMYyHOpeakTuBHOCTH TPK B
KOHIIE 3KCIIEpUMEHTa IoKa3ay, 4To cuHTte3 TAD
B KJIETKaxX Pa3JIMYHBIX OTHEJIOB MO3ra HE 3aBHCUT
OT OKHCIUTEIBHO-BOCCTAHOBUTEIBHOIO COCTOSHUS
MeTabonu3Ma, a perynupyercst yposHem T D.

KniodueBble CJI0OBaAa: THAMUH, THAMUHIU-
dbocdar, runosuramunos B , Tnamunkunasa, 0oMeH
THAMHHA B OTACIAX MO3ra, THAMUH U OKCHIATUB-
HBIH cTpecc.
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