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Thiaminase process is present in the brain of mammals
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ABSTRACT

The presence of the thiaminase process in the brain of rabbits and bulls has been established. Most intensively this process takes place in the
pituitary gland. Production of adrenocorticotropic hormone is significantly reduced as a result of the formation of 4-methyl-5p-

oxyethylthiazole in this part of the brain.

AHHOTaIMA

YcTaHOB/IEHO HaMM4yMe TMaMUHA3HOTO Iponecca B MO3re KpoJ/IMKOB U 6b1KOB. Hanbosnee MHTEHCUBHO 3TOT Ipouecc NponucxoguT B I‘I/IHO(i)I/IBe.
HpO}IYKIU/IH AJPEHOKOPTUKOTPOITHOIO TOPMOHA 3HAYNTE/IPHO CHIMDKAETCA B PE3Y/IbTATE O6pa30BaHI/Iﬂ 4-MCTI/IH-5B-OKCIAQTI/IHTI/IaBOHa B 9TON

YacCTu Mo3ra.
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1. Introduction

Thiaminase is an enzyme that divides thiamine into two
parts-4-methyl-5p-oxyethylthiazole and 2,5-dimethyl-4-
aminopyrimidine. There are two forms of thiaminase -
thiaminase I and thiaminase IL

Thiaminase I catalyzes the cleavage of thiamine with
subsequent adherence to the pyrimidine fragment of the
nitrogenous base. Tiaminase II carries out the hydrolysis of
thiamine into the two above-mentioned components [1].

The presence of thiaminase I is proven in tissues of fish,
intestinal cavities, mumps, and some microorganisms [1].
Thiaminase II is present exclusively in microorganisms, in
particular Bac. alvei, Bac. brevis, Bac. firmus, Bac. subtilis
and some others [2].

Until recently, it was generally accepted that in human
and other mammals, the thiamine decompositiondown to
the thiazole and pyrimidine components was carried out

exclusively in the intestines at the expense of its microflora,
in particular Bac. aneurinolyticus [3], Clostridium
thiaminolyticum [4], Bacillus thiaminolyticus [5] and some
others.

However, since the 1960s of the last century, there were
single studies that showed the presence of 4-methyl-5p3-
oxyethylthiazole in the urine of sterile animals [6], which
proves the possibility of the thiaminase process
existencedirectly in the tissues. In our laboratory, a
significant increase in the level of 4-methyl-53-
oxyethylthiazole in the brain of rats after parenteral
administration of 14C-thiamine [7] was demonstrated.
Linkage of the thiazole with nervous system proteins has
been demonstrated in a recently published work [8].

Studies of thiaminase pathways are considered in the
works [9-11], however, studies on the functioning of
thiaminase and its physiological significance in the brain do
not exist.
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Table 1 | The content of thiamine and its metabolites in blood taken from the jugular vein, venae jugularis externa, after injection of thiamine
into the carotid artery (pg/ml of blood) n=8. * - the difference with the control group is significant (p<0.05). Conep>xaHue TMaMMHa U €ro
MeTabO0/INTOB B KPOBY, B3ATOI U3 IPEMHOII BEHBI, vende jugularis externa, moce BBeieHUs TUAMIHA B COHHYIO apTepuio (MKT / MJI KPOBH) N

= 8.* - pa3;muMA ¢ KOHTPOJIBHOI TPYIIIONt JocToBepHBI (p<0,05).

Parameter Control 1 minute 2 minutes 5 minutes 10 minutes
T-S-S-T 0.070+0.006 0.095+0.010 0.120+0.011* 0.155+0.017* 0.160+0.014*

TPP 0.355+0.037 0.470+0.048 0.595+0.061* 0.590+0.058* 0.590+0.062*
Thiamine 0.795+0.080 0.510+0.040* 0.400+0.038* 0.405+0.041* 0.410+0.039*
oxzﬁ:/rl‘t‘ll:i-:fc;le 0.030+0.003 0.055+0.004* 0.085+0.007* 0.085+0.009* 0.090+0.009*

2. Material and Methods

All studies were carried out on rabbits of 3-3.5 years old
and the brain of bulls. The norms of the European
convention on carrying out experiments with vertebrates
have been adhered to the current research.

The content of thiamine and TPP was measured by
fluorimetric method [12]. The content of 4-methyl-5p3-
oxyethylthiazole was determined after separation of
thiamine and its metabolites using spectrophotometry after
column chromatography at 253 nm [13].In this work, DEAE
-cellulose was used for the chromatographic separation of
thiamine metabolites, since the stability constants of their
complexes, which are formed, and, therefore, their
adsorption properties at certain pH differ very significantly.

Thiamine disulfide was determined by the fluorimetric
method [1].

Determination of adrenocorticotropic (ACTH) and
thyroid stimulating (TT) hormones was carried out by
immunoassay analysis [14, 15].

The obtained results are processed by methods of variation
statistics. The normality of distribution is rechecked using
[16]. Values are reported as means + SE. For further
analysis, the Student's t-test was used, or its modification -
Newman-Keuls method by Glantz S., 1999 [17]. Statistical
significance was considered to be p < 0.05.

3. Results

We started research on whether the thiaminase process in
the brain was present. For this, 1 mg of thiamine was
injected into the carotid artery (arteria carotis externa) of
rabbit and in 1, 2, 5, and 10 minutes blood samples from the
jugular vein (venae jugularis externa) were collected and the
content of thiamine, TPP, thiamine disulphide (TSST) and 4
-methyl-5p-oxyethylthiazole were determined.

The results of this study are presented in Table 1.

The obtained results indicate that injections of thiamine
into the carotid artery arteria carotis externa lead to its
rather rapid metabolism in the brain tissues. So, 1 minute
after injection, a significant increase in the content of 4-
methyl-5B-oxyethylthiazole was observed due to a decrease
in the thiamine content, indicating a rapid decay in the

brain. Two minutes after injection, the level of 4-methyl-5p3-
oxyethylthiazole continued to increase, the amount of TPP
and T-S-S-T also increased, while the thiamine level
continued to decrease. In 5 and 10 minutes, further
significant changes in the level of thiamine and its
metabolites in the blood were not observed.

Thus, this part of the research shows that after thiamine
entrance into the brain, the transformation of its part first
occurs due to thiaminasedecomposition. Later, the remnants
of free thiamine are converted into coenzyme (TPP) and
into the reserve form T-S-S-T.

The next step of our research was to find out in which part
of the brain thiaminase process is most intense. These data
are shown in Tables 2 and 3.

To solve this problem, the following parts of the brain of
the bull were separated: cortex, pons, cerebellum, pituitary
gland, thalamus + hypothalamus and corpus callosum. Each
department was perfused with glucose solution with
thiamine at a certain concentration for 5 minutes. The
content of thiamine, TPP and 4-methyl-5p-oxyethylthiazole
was determined before and after perfusion.

The results presented in Table 2 indicate that the highest
content of free thiamine was observed in the corpus
callosum.

In all other investigated brain departments, except for
cortex, it does not differ significantly. In the cortex, this
value was more than twice as low. The TPP content was the
largest in the corpus callosum, it was slightly lower in the
pons, the pituitary gland and thalamus + hypothalamus. The
smallest one was registered in the cortex. The level of 4-
methyl-5B-oxyethylthiazole was highest in the corpus
callosum, and the lowest in thalamus + hypothalamus.

Perfusion with thiamine and glucose increased the level of
free thiamine in the corpus callosum, while the level of TPP
significantly increased in all of the studied brain
departments, but the greatest effect was established in the
pons and thalamus + hypothalamus. Under these
conditions, the level of 4-methyl-5p-oxyethylthiazole was
significantly increased in the pituitary gland and cortex. In
the cerebellum this increase was less pronounced.

Thus, relatively high doses of thiamine resulted in its
accumulation in the unchanged form in the corpus
callosum. Subsequently, its part was converted into the
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Table 2 | The content of thiamine, TPP and 4-methyl-5p-oxyethylthiazole in the brain parts of the bull after perfusion with thiamine (1 mg /
ml) solution (mg/g of tissue) n=8. * - the difference with the baseline group is significant (p<0.05). Conep>xanne tramusa, TTIII u 4-meTnn-
5B-0KCHITMITHA30TIA B OT/ie/IaX T'OJIOBHOTO MO3Tra ObIKa Imocte mepdysun pacTBopoM taMuHa (1 mr / M) (Mr / T TKaHu) n = 8. * - pasnuuus
C COOTBETCTBYIOLIMM KOHTPO/IeM JocToBepHBI (p<0,05).

Thiamine TPP 4-methyl-5B-oxyethylthiazole

Brain department

baseline increase baseline increase baseline increase
Cortex 0.36+0.02 2.12+0.04* 0.66+0.05 5.54+0.23* 0.64+0.08 4.4610.05*
Pons 0.78+0.02 2.12+0.07* 0.9210.04 4.4610.20* 0.6210.06 1.40+0.04*
Cerebellum 0.78+0.02 1.76+0.56* 0.80£0.17 1.82+0.45* 0.4210.07 1.32+0.08*
Pituitary gland 0.6410.07 2.64+0.24* 0.90£0.06 7.18+0.31* 0.5810.06 8.6210.13*
Thalamus + hypo- 0.7210.04 2.78+0.18* 0.9210.14 4.16x0.13* 0.14%0.02 0.50£0.03*
Corpus callosum 0.88+0.02 6.24+0.10* 1.0440.11 6.12+0.04* 0.86+0.02 1.20+0.11%*
Table 3 | Increase of thiamine, TPP and 4-methyl-5p- Table 4 | Determination of the concentration of ACTH and TSH in

oxyethylthiazole content in the bovine brain sections with perfusion blood taken from the jugular vein after administration of 4-methyl-
of thiamine (0.1 mg/ml) (pg/g of tissue) n=8. VYeemmuenme 5P-oxyethylthiazole solution in the carotid artery at a concentration
conepxannsa tuammuna, TIII u 4-mermn-5B-okcustmnmnasona B of 1 mg/ml (uM/ml of blood) n=8. * - the difference with the control
OTJle/IaX TOJIOBHOTO MO3Ta KPYIIHOTO POTAaTOro CKOTa mpu mepdysun  group is significant (p<0.05). Onpenenenne konnentpammyu AKTI un
tramyHa (0,1 Mr / M) (MKr / T TKaHu) n = 8 TTT B xpoBU, B3ATON U3 APEMHOI BeHbI, II0C/Ie BBeJIleHUA PacTBOpa

4-MeTW1-5P-0KCUATHITHA30/Ia B COHHYIO apTepyIo B KOHI|EHTPALIMy
Brain department Thiamine TPP 4'methy'_'5ﬁ' 1 mr / M (MKM / M kpoBM) n = 8. * - pa3mnums ¢ KOHTPOIBHOI
oxyethylthiazole | 11yviimoii mocroeprsi (p<0,05).
Cortex 1.16+0.05 1.98+0.09 0.92+0.05
Time after ad- ACTH TSH
Pons 1.10+0.03 2.10+0.08 0.86+0.02
Control 15.0+0.9 6.0+0.5
Cerebellum 0.96+0.05 1.76+0.05 0.84+0.04
5 minutes 10.1+0.8* 5.0+0.5
Pituitary gland 1.06+0.04 1.38+0.24 1.36+0.20 -
10 minutes 8.2+0.7* 4.2+0.4*
Thalamus + hypothala-
mus 1.06+0.04 1.98+0.19 0.60+0.10 15 minutes 6.1+0.7* 3.5+0.4*
Corpus callosum 2.16+0.17 1.8240.05 0.68+0.12 20 minutes 4.0+0.3* 1.0+0.2%*

major coenzyme form of TPP in all parts of the brain, but to
a greater extent in the pons and thalamus + hypothalamus.
Intensive thiamine decompositionby thiaminase occurred in
the pituitary gland and cortex.

A decrease in the thiamine dose to 0.1 mg / ml resulted in
the following effects (Table 3).

The results presented in Table 3 indicate that with the use
of 0.1 mg/kg of thiamine, the highest amount of free
thiamine was present in the corpus callosum, as with after
the use of 1 mg / ml. In other parts of the brain its contents
did not differ significantly. The content of TPP in all studied
brain departments, except for the pituitary gland, was almost
similar. In the pituitary glandit was the smallest. As for 4-
methyl-5B-oxyethylthiazole, its content was significantly
higher in the pituitary gland than in other parts of the brain.

Thus, this part of our study suggests that thiaminase
pathway of thiamine decomposition takes place in the brain,
resulting in the formation of 4-methyl-5p-oxyethylthiazole.
This processis most intensive in the pituitary gland.

To find out the possible specific physiological function of
4-methyl-5B-oxyethylthiazole in the pituitary gland, we

conducted the next series of studies.

We injected 4-methyl-5B-oxyethylthiazole solution into
the carotid artery of the rabbit, and after 5, 10, 15 and 20
minutes, the blood from the jugular vein was taken out and
the content of ACTH and TSH was measured. The control
included administration of saline solution. Data for this
series are presented in Table 4.

As can be seen from the data presented in Table 4,
administration of 4-methyl-5p-oxyethylthiazole in the
carotid artery at a concentration of 1 mg/ml resulted in a
significant decrease in both ACTH and TSH levels in 20
minutes after administration. The level of ACTH was
reduced by almost 4-fold, and SH - 6 times in 20 minutes
after injection.

When the concentration of 4-methyl-5p-oxyethylthiazole
was reduced by 100 times to a concentration of 10 pg/ml,
which corresponds to the physiological concentration in the
blood, we obtained the following results (Table 5).

The results presented in Table 5 indicate that physiological
concentrations of 4-methyl-5B-oxyethylthiazole can reduce
the level of ACTH, while they do not affect the level of TSH.
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Table 5 | Determination of the concentration of ACTH and TSH in blood taken from the jugular vein after the introduction of 4-methyl-5p-
oxyethylthiazole solution in a carotid artery at a concentration of 10 ug/ml (uM/ml of blood) n=8. * - the difference with the control group is
significant (p<0.05). Onpenenenne konuentpanyy AKTT u TTT B KpoBM, B3ATOI U3 IPEMHOII BEHbI, [I0CTIe BBEIEHMS pacTBOpa 4-MeTUI-503-
OKCMATWITHMA30/Ia B COHHYIO apTepuio B KoHUeHTpauuy 10 Mkr / M (MKM / M KpoBM) n = 8. * - pasnmuus ¢ KOHTPOIBHOI IPYIIION

nocroBepHsI (p<0,05).

Time after administration ACTH TSH
Control 15.0+1.1 11.0+1.2
5 minutes 14.0+0.9 11.0+1.0
10 minutes 13.6%1.3 11.0+1.0
15 minutes 11.1+0.9* 10.2+1.1
20 minutes 12.0+0.9* 10.1£1.2

The obtained data confirm the presence of enzymatic
degradation of thiamine in the brain. The discovery of this 4-
methyl-5B-oxyethylthiazoledegradation product in the body
was reported in 1969 [6]. It is important to note that this
experiment was conducted on sterile animals, which
excluded the participation of microorganisms in this
process. In our laboratory, this fact has been confirmed [7].

In 2015, a large international team of researchers reported
the interaction of thiazole and its derivatives with proteins of
the nervous system [8].

In our study, it was established that the formation of this
product of thiaminase reaction in the brain occurs in its
different parts, but the most intensively this process is
conducted in the pituitary gland. According to our data, the
physiological role of this process includes inhibition of
adrenocorticotropic hormone adenohypophysis.

This fact agrees well with the observations of several
authors on the influence of thiamine on some processes with
the regulatory participation of adrenaline, in particular
carbohydrates metabolism [18].

In the future, we are going to isolate and purify thiaminase
using first classical methods, such as salting out, dialysis,
column chromatography on different carriers and
electrophoresis to assess the degree of purification of the
enzyme.

4. Concluding Remarks

Thus, the materials presented in this study indicate the
existence of hormone-mediated non-enzymatic function of
the product of the thiaminase process of 4-methyl-53-
oxyethylthiazolemammalian brain.

3aknroyeHne

Takum o6pasoM, MaTepuasbl, IpefcTaBIeHHbe B 9TOM
ucciaefoBanny, YKas3bIBalOT Ha CyLIeCTBOBaHME TOPMOH-
OIIOCPeOBaHHOI HedepMeHTaTMBHOM (PYHKIUY IIPOLYKTa
THAMMHA3HOTO mpoljecca  4-MeTuI-5B-0KCHITUITHAS0IA
MO3ra MJICKOIINTA N X.
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