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ABSTRACT

Modern studies of enzymovitamins are devoted to the study of the biochemical functions of their metabolically active forms. At the same time,
it is not taken into account that in cells and in some cases in one compartment of the cell both the vitamin itself and its anabolites and
catabolites co-exist together. It seems to us necessary to study the biochemical effect of the combined action of all the metabolites of a
particular vitamin that present in the cells. We propose to name such a complex of all formed metabolites of individual vitamins as the
vitabolome. Our studies, conducted with thiamine, riboflavin, and pantothenic vitabolomes, have demonstrated that in some cases the
complexes of metabolites of these vitamins have regulatory properties that are fundamentally different from those of the corresponding
vitamins and coenzymes. Thus, thiamine vitabolome significantly mitigates the activating action of thiamine and TPP on the activity of the
pyruvate dehydrogenase complex in tissues and prevents the inhibitory effect of thiochrome on this multienzyme complex. Even more
significant is the fact that thiamine vitabolome has a regulatory effect on certain enzymes, unlike thiamin or its metabolites alone. Studying the
effect of individual metabolites of pantothenic acid and their complex on acetylation activity in tissues, we found that individual metabolites in
physiological concentrations do not affect the recorded index, while pantothenic vitabolome exerted a pronounced effect, the direction of
which depends on the terms after its introduction. Riboflavin vitabolome significantly activated succinate dehydrogenase, while riboflavin,
FMN and FAD did not have such effect .

AHHOTaIsA

CoBpeMeHHbIe UCCIENOBAHS S9H3MIMOBUTAMIHOB [IOCBSIIEHbl U3YYeHNI0 OMOXMMIYIeCKMX (PYHKIMIT NX MeTaboIMIecKy aKTUBHBIX GopM. B
TO K€ BpeMs He YYUTBIBAETCA TO 0OCTOATENBCTBO, YTO B K/IETKAX, @ B PsAJle CIy4aeB B OfHOM KOMIIAPTMEHTe K/IeTKM, COCYIIECTBYIOT KaK caM
BUTaMMH, TaK ¥ €r0 aHabo/MThI U KaTabommTbl. HaM mpefcTaBisferca HeOOXOAMMBIM M3ydeHMe OMOXMMMYECKOro 3¢¢eKkTa COBMECTHOTO
IeVICTBYsI BCEX NMPUCYTCTBYIOLIMX B KJIETKAX MeTabOMUTOB TOrO WM MHOTO BUTAaMMHA. TaKoil KOMIUIEKC BCeX 0OpasyIoLmXcsi MeTaboInToB
OTZIeNbHBIX BUTAMMHOB MBI IIpefiiaraeM HasBaThb BuTabomomom. Hammmu MCCIIe[OBAaHUAM, HPOBeleHHBIMI C  THAMUHOBBIM,
pu60dIaBMHOBBIM, ¥ MAHTOTEHOBBIM BMTA00/I0MaMy, IMPOJAEMOHCTPUPOBA/IN, YTO B HEKOTOPHIX CTy4asX KOMIUIEKCHI METabONUTOB BBIIIE
YKa3aHHBIX BUTAMMHOB OOJQ[JAl0T DETYIATOPHBIMM CBOJCTBAaMM, NPUHLMINAIBHO OTIMYAMI[VMUCI OT TAKOBBIX COOTBETCTBYIOIIUX
BUTaMIHOB 1 KodpepMeHTOB. TaK, TMaMMHOBBII BUTAOOTIOM CYIIECTBEHHO CMATYaeT aKTUBHUpYolee paeiictBue TuammHa u TIID Ha
aKTMBHOCTb IMPYBATHEIMJPOTeHa3HOTO KOMIUIEKCa B TKaHAX M IpefOTBpallaeT MHTMOMpyoljee JeiiCTBME THOXPOMAa Ha 9TOT
MyJIbTVSH3MMHBIIT KoMIUIeKC. Elte 60/1ee CyIecTBeHHBIM SIBISIETCS TO, YTO TMAMMHOBBII BUTa00/IOM OKa3bIBa€T Pery/IMpyoliiee feiiCTBIe Ha
HeKOTOpbIe (pepMEHTBHI, Ha KOTOPbIe HY THAMWH, HM €0 MeTabONMTBI B OTHENbHOCTY He BIMAKT. IIpu M3ydeHny BO3HENCTBUA OT/ETbHBIX
MeTaﬁO}II/ITOB MAHTOTEHOBOM KMCIOTBI M X KOMIDUIEKCA Ha aI_[eTI/I}II/IpyIOH_[YIO AKTMBHOCTb B TKaHAX HaMM yCTaHOB}IeHO, YTO OT[EIbHbIC
MeTabo/MnThl B (PM3MOTOTMYECKNX KOHIIEHTPALMSX He B/IMSIOT Ha PErMCTPUPYEMBIil II0Ka3aTe/lb, B TO BpeMsi KaK [AHTOTEHOBBI BUTA00/IOM
OKa3bIBa/l BBIPAXKEHHOE JIeJICTBME, HAIMPABIEHHOCTh KOTOPOTO 3aBMCHUT OT CPOKOB IIOCIE ero BBeleHMsA. Pru6odraByHOBBIA BUTA60TIOM
CYIL[eCTBEHHO aKTVBMPOBaJI CYKLIMHATAETUPOreHasy, B To BpeMs Kak pubodnasun, PMH u PA]T takum apdekrom He obafany
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1. Introduction

In contemporary vitaminology, the predominant notion
claims that the single biochemical function of an enzyme-
vitamin appears to be the function of coenzyme for a
corresponding enzyme.

However, during last three decades, a significant number
of researches, disproving this notion, have been published.
Their results indicate that the enzyme-vitamins and their
metabolites have their own biochemical functions, which
have nothing to do with the coenzyme activity [2-7]. In our
laboratory, biochemical functions of catabolites of thiamine,
riboflavin, pantothenic acid, nicotinic acid, pyridoxine and
ascorbic acid have been studied [8-10].

In the process of investigation the functions of enzyme-
vitamins and their catabolites in the body, one should keep
in mind that the vitamin itself, its coenzymes and other
metabolites are present simultaneously in the tissues.
Therefore, the objective of this study was to study the
possibility of the cooperative participation of metabolites of
vitamins, found in tissues, in the regulation of various
multistage biochemical processes.

Actually every vitamin, this applies in particular to
coenzyme vitamins, is contained in cells in the form of
certain metabolites through which it can realize its
functions. For example, vitabolome of vitamin B1, thiamine,
includes thiamine monophosphate, thiamine diphosphate,
thiamine triphosphate, and also simple and mixed disulfides,
recently found and studied adenylated thiamine
triphosphate. In addition to these compounds, the cells
contain a certain amount of other thiamine metabolites. The
biochemical activity of thiochrome is intensively studied in
our laboratory. Vitamin B, realizes its functions through the
co-enzymes of FAD and FMN, however, the cells also
contain the original form of the vitamin - riboflavin itself, in
addition, other riboflavin catabolites are present in the cells,
for example, lumichrome and lumiflavine. Earlier it was
thought that these are inert compounds, which are
unnecessary ballast in cells. Their functions are also
investigated in our laboratory. Vitamin Bs, in a large number
of publications, known as vitamin B,, deciphering as
pantothenic acid, has a basic coenzyme form called
coenzyme A, which function of the transporting acyl groups
to energy-significant enzyme cycles, for example, to the
Krebs cycle, has long been known. But in the cells, apart
from pantothenic acid, there are also other derivatives of
pantothenic acid, and compounds which are structural units
or metabolic products of coenzyme A. These are
phosphopantothenate, B-alanine, sodium panthoate,
pantethine A and other compounds. Other systems of
metabolites of vitamins also exist in cells. For example, there
is ascorbic acid metabolites system comprising, in fact,
ascorbic acid, mono- and dehydroascorbic acids,
diketogulonic, threonic, oxalic acids. There are publications
devoted to other metabolites of vitamin C, for example, L-

xylonic acid and its lactone, L-lyxonic and L-erythroaskorbic
acids. Publications on the combined effect of vitamin C
metabolites on cellular metabolism are limited, and this
concept is not well developed and supported by all.

Professor S.A.Petrov proposed the term "vitabolome" by
analogy with metabolone. In our therminology, vitabolome
is a combination of a given vitamin and its metabolic-
catabolite forms, which form a specific system in cells and
are in certain ratios corresponding to a certain level of
cellular metabolism. Their concentration and ratios in cells
determine, regulate and limit the functional activity of
cellular processes. In this article, we made an attempt to
investigate the vitabolomes of vitamins B,, B, and Bs.

2. Material and Methods

The experiments were conducted at the Department of
Biochemistry of Odessa I. I. Mechnikov National University.
Albino mongrel rats of different ages were used. As a
biomaterial, extracts of organs lacking cell membranes were
used. The use of such an object as tissue extracts devoid of
cell membranes is caused by the necessity of having all
components of the cell in the environment, since the
realization of the functions of vitamin metabolites can be
carried out in different cell compartments. Before
determining the biochemical parameters, the membrane-
free extracts of the organs were introduced into the
incubation medium and all the metabolites were added in
the ratios present in the tissues. In particular: metabolites of
vitamin B,;: thiamine, thiamine pyrophosphate (TPP),
thiochrome, 4-methyl-5-B-hydroxyethylthiazole, a mixture
of these metabolites, called vitabolome of vitamin Bj;
metabolites of vitamin B, riboflavin, FMN, FAD,
lumichrome (LC), a mixture of these metabolites called
vitamin’s B, vitabolome; metabolites of vitamin Bs:
phosphopantothenate, P-alanine, calcium a-pantothenate,
sodium pantoate, pantetin A, CoA, a mixture of these
metabolites, which was called vitamin’s Bsvitabolome.
Activity of the pyruvate dehydrogenase complex and
succinate dehydrogenase was defined by Potassium
ferricyanide method; the activity of CoA transacetylases was
defined by the speed of acetylation [12], the activity of
acetylcholinesterase has been measured according to the
standard protocol by colorimetric method of acetylcholine
hydrochloride hydrolysis with the formation of choline and
acetic acid, which caused a change in pH [13], and the
activity of transketolase was defined by the photometric
method for the intensity of the formation of a colored
complex of pentose with orcine [14]. Earlier, we determined
the average concentrations of vitamin metabolites in some
organs. Therefore, in the study of vitabolomes, we used
precisely these concentrations and ratios of the metabolites
present in tissues in situ. As we established earlier, some
catabolites of vitamins, even in insignificant concentrations
compared to the vitamin itself, have a marked effect on the
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Table 1 | The content of thiamine (pg/g), riboflavin (ug/g), pantothenic acid (nmol/g) and their main metabolites in the liver of white
rats (n=8). * - significant in relation to the content of the corresponding vitamin, p<0.05. Comepkanue Tnammua (MKr / r),
pubodnaBuHa (MKT / T), IAHTOTEHOBOJ KVUCIOTHI (HMO/B / T) ¥ MX OCHOBHBIX MeTabONNMTOB B IedeHM Oenblx Kpbic (n = 8). * -
TOCTOBEPHO IO OTHOIIEHNIO K COIeP)KaHMI0 COOTBETCTBYIOLIETO BUTaMMHa, p<0,05.

Thiamine and its metabolites (jg/g) Riboflavin and its metabolites (ug/g) Pantothenic acid and its metabolites (nmol//g)
TPP+TMP 1,5£0,2* FAD 124,042,0* KoA 165,0£17,0*
Thiamine 0,4+0,1 FMN 6,2+0,7* Panthetine 2,0+0,3*

Thiochrome 0,4+0,1 Riboflavin 0,8+0,1 Pantothenate 12,1£1,3
hy df(;xmyeett}}ll);rll-j}_lizole 0,120,1* Lumichrome 0,3+0,1* Pantoate 0,840,1%

activity of certain enzymes. Everything related to laboratory
animals (keeping, conducting experiments) were with strict
compliance to international rules: «Guide for the Care and
Use of Laboratory Animals». All obtained data was
processed statistically. Values are reported as means + SE.
All data were analyzed using one-way ANOVA (Biostat).
Statistical significance was considered to be p<0.05 [16].

3. Results and discussion

In At the beginning of our research, we determined the
average content of thiamine, riboflavin, pantothenic acid
and their main metabolites in the liver of Albino mongrel
rats. These data are presented in Table 1.

As it can be seen from the results presented in table 1, the
prevailing metabolic form of all the studied vitamins is the
coenzyme form. However, small amounts of free vitamins
and even smaller amounts of their catabolites are present in
the liver.

Therefore, in further studies of the effects of vitabolome,
we used a mixture of catabolites in the concentrations and
ratios indicated in Table 1, which are present in vivo in the
liver.

During investigation of the regulatory properties of
thiamine’s vitabolome, the following patterns have been
detected. In the liver of white rats, the sum of thiamine
metabolites significantly mitigate the activating action of
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Figure 1 | Influence of individual thiamine metabolites and
thiamine’s vitabolome on the activity of the pyruvate
dehydrogenase complex in the liver of white rats (n=8). Notes: * -
p <0.05 in comparison with the control. Bnusuue otmenbHBIX
MeTaGoNUTOB THMAaMUHA M BUTA0O/IOMAa THMAMMHA HAa aKTUBHOCTDH
NVPYBAT/ETMIPOTeHa3HOTO KOMIUIEKCA B IedeHN OenbIx Kpbic (n
= 8). [Ipumeyanus: * - p < 0,05 10 CpaBHEHMIO C KOHTPOJIEM

thiamine and thiamine pyrophosphate (TPP) on the activity
of the pyruvate dehydrogenase complex (PDC) and prevents
the inhibitory effect of thiochrome on it (Figure 1).

During the study of the activity of transketolase in the
presence of thiamine, its metabolites and vitabolome, it was
detected that the activity of transketolase is different in
different organs and tissues (blood, liver, brain, adrenals).
This activity is maximal in the brain and minimal in the
liver. However, the nature of the effect of thiamine
metabolites (thiamine and TPP) on the activity of
transketolase is practically the same. Thiamine vitabolome
also stimulated the activity of this enzyme, and this effect
was a bit greater than in the case of TPP (Figure 2).

In the course of the study of the regulatory role of
pantothenic acid, its metabolites and pantothenic acid’s
vitabolome on the transacetylating activity in the tissues of
white rats (Figure 3), we found out that none of the
metabolites of pantothenate had a significant effect on
transacetylase activity in the kidneys and heart. Pantothenic
acid’s vitabolome also proved to be ineffective in these
organs. In the liver, activating action was demonstrated by {8
-alanine, and in the brain by panthetine. The CoA effect was
unexpected for us. The addition of CoA into the incubation
medium reduced the investigated index in the liver by 10%.
Pantothenic acid’s vitabolome in the liver led to the decrease
in transacetylase activity. In other organs studied,
pantothenic acid’s vitabolome did not affect the investigated
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Figure 2 | Influence of pantothenate and its metabolites and
pantothenic acid’s vitabolome on transacetylase activity in tissues
of white rats (% of control) (n=8). Notes: * - p <0.05 in comparison
with the control. BiusHue maHToTeHaTa M €ro MeTaboONMUTOB M
BUTa0ONOMAa ITAHTOTEHOBOJ KMCIIOTBI Ha TPaHCALETUIA3HYIO
AaKTVBHOCTb B TKaHAX OenbIx KpbIC (% OT KoHTpona) (n = 8).
ITpumedanus: * - p < 0,05 110 CpaBHEHUIO C KOHTPOJIEM.
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Figure 3 | Influence of pantothenate and its metabolites and
pantothenic acid’s vitabolome on transacetylase activity in tissues
of white rats (% of control) (n=8). Notes: * - p <0.05 in
comparison with the control. BimsaHme maHTOTeHaTa M ero
MeTaboNMMTOB ¥ BUTA00NOMAa IIAHTOTEHOBOJ KMCIOTHI Ha
TPaHCALETWIA3HYI0 AKTUBHOCTb B TKAHIX Oenbix Kpeic (% OT
KoHTponA) (n = 8). IIpumevannua: * - p < 0,05 Mo cpaBHEHMIO C
KOHTPOJIEM.

index. To explain the effects, series of additional studies are
required.

The most prominent features of riboflavin’s vitabolome
appeared in studies of the regulation of the activity of the
multi-enzyme pyruvate dehydrogenase complex. The effect
of riboflavin and its metabolites on the activity of the
multienzyme pyruvate dehydrogenase complex depends on
the age of animals used for the experiments. In particular, in
the organs of old rats (22-24 months), neither riboflavin nor
its metabolites and vitabolome had an effect on the activity
of the pyruvate dehydrogenase complex (PDC) (Figure 4).

In the group of mature rats, it was detected that neither
riboflavin, nor its metabolites (except lumichrome) and
riboflavin vitabolome had any effect on the PDC activity in
liver and heart. All studied metabolites of riboflavin reduce
the activity of the PDC in brain and kidneys, while the
vitabolome to some extent mitigated this inhibitory effect
(Figure 5).
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Figure 4 | Influence of riboflavin, its metabolites and riboflavin’s
vitabolome on the activity of PDC in the organs of old (22-24
months) rats (uM / mg protein) (n=8). Notes: * - p < 0.05 in
comparison with the control. Bmmusume pubodnasuna, ero
MeTabomMTOB U BuUTabonmOMa pubodIaBMHA HA AKTMBHOCTD
NMPYBaTAETMAPOreHa3HOTO KOMIUIEKCa B OpraHax CTaphix (22-24
Mecsna) Kpoic (MKM / Mr 6Genka) (n = 8). IIpumevanus: * - p <
0,05 110 CpaBHEHMIO C KOHTPOJIEM.
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Figure 5 | Influence of riboflavin, its metabolites and

riboflavin’svitabolome on the activity of PDC in the organs of
mature (10-12 months) rats (UM / mg protein) (n=8). Notes: * - p
< 0.05 in comparison with the control. Biusuue pu6odnasuna,
ero MeTabo/nmTOB M BUTabo1OMa pubOQIaBMHA Ha AKTUBHOCTD
IMPYBaT/ETUIPOreHa3HOTO KOMIIIEKCa B OpraHax spenmbix (10-12
MecsiiieB) Kppic (MKM / Mr 6enka) (n = 8). IIpumeyanus:: * - p <
0,05 110 cpaBHEHMIO C KOHTPOTIEM.

In general, similar pattern was observed in the organs of
young (5-6 months) rats (Figure 6). All metabolites of
riboflavin reduce the activity of PDC in brain, while
riboflavinic vitabolome returned the investigated index to
the control values. Only FAD and lumichrome reduced the
activity of PDC in liver, and the vitabolome had no
protective effect as it was shown in previous organs. FMN
significantly decreased the activity of PDC in kidneys. The
riboflavinic vitabolome approximated the investigated index
to the control values.

Besides, we conducted there the search on effects of
riboflavin, its metabolites and vitabolome on the activity of
succinate dehydrogenase (SDH) in organs of white rats. In
old animals (22-24 months), the content of the riboflavin’s
metabolites and its vitabolome varied in different organs
(Figure 7). FMN and LC showed the inhibitory action on
SDH in heart. Vitabolome also reduced this effect. In brain,
the addition of FMN into the medium led to the activation
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Control FAD FMN LC B2
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Figure 6 | Influence of riboflavin, its metabolites and riboflavin’s
vitabolome on the activity of PDC in the organs of young (5-6
months) rats (UM / mg protein)(n=8). Notes: * - p < 0.05 in
comparison with the control. Bmmsanme pubodnasuna, ero
MeTaboMuTOB 1 BUTabo/OMa pubodraBMHa Ha aKTMBHOCTD
NVPYBAT/IETUIPOTEHA3HOTO KOMIUIEKCA B OpraHax MOJIOABIX (5-6
MecsineB) Kpbic (MKM / mr 6enka) (n = 8).Ilpumedannus: * - p <
0,05 110 CpaBHEHMIO C KOHT .
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Figure 7 | Influence of riboflavin, its metabolites and its
vitabolome on the activity of SDH in the organs of old (22-24
months) rats (nmol / mg protein) (n=8). Notes: * - p < 0.05 in
comparison with the control. Brmmanme pubodpnaBuua, ero
MeTabo/MTOB 1 ero BuTabonoMa Ha akTMBHOCTH C/IT B opraHax
crapbix (22-24 Mecsana) kpbic (HMonp / Mr Genka) (n = 8).
[Tpumevanus: * - p < 0,05 10 CpaBHEHUIO C KOHTPOJTIEM.

of SDH. Vitabolome returned this pattern to the control
values. The activating action of riboflavin, FMN, LC and
FAD was significantly reduced in the presence of the
vitabolome in the liver.

Riboflavin had an activating action on activity of SDG but
FMN and LC decrease the activity of SDG in the liver of
mature rats (10-12 months) (Figure 8). FAD increase the
activity of SDG, but riboflavin and LC decrease the activity
of SDG in the heart. All of the metabolites of riboflavin
decrease the activity of SDG in the brain. In all these organs,
riboflavin’s vitabolome significantly changed these effects.

In the heart and kidneys of young animals (5-6 months)
riboflavinic  vitabolome activated SDH greater than
individual metabolites. Riboflavin and FMN decreased the
activity of SDG in liver,and the effect of the vitabolome does
not differ from the effect of FAD on activity of SDG (Figure
9).

Discussion of the results obtained, while studying the
effect of vitabolome on enzymes that do not contain
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Figure 8 | Influence of riboflavin, its metabolites and vitabolome
on the activity of SDH in the organs of mature (10-12 months)
rats (nmol / mg protein) (n=8). Notes: * - p < 0.05 in comparison
with the control. Bimsune pnbodnaBuna, ero MeTabonnTOB 1
BuTabonomMa Ha akTuBHOCTh CJII' B opranax spembix (10-12
MecsiiieB) Kpbic (HMOmb / Mr Genka) (n = 8). [Ipumevanus: * - p <
0,05 110 cpaBHEHMIO C KOHTPOJIEM .
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Figure 9 | The effect of riboflavin, its metabolites and vitabolome
on the activity of SDH in the organs of young (5-6 months) rats
(nmol/mg protein) (n=8). Notes: * - p < 0.05 in comparison with
the control. Bmmsuue pubodnaBuHa, ero MeTabOIUTOB U
Butabonmoma Ha akTuBHOCTh CJII B opraHax Mmonmopbix (5-6
MecsiiieB) Kpbic (HMonb / Mr 6enka) (n = 8). [IpuMeyanus: * - p <
0,05 110 cpaBHEHMIO C KOHTPOTIEM.

vitamins’ metabolites as coenzymes, deserve special
attention. Acetylcholinesterase (AChE) was chosen as such
an enzyme. The most noticeable fact is that riboflavin and its
metabolites and vitabolome had an activating effect on the
activity of acetylcholine esterase in the study of activity in
the liver of old (22-24 months) rats. In the liver of young
animals only riboflavinic vitabolome significantly increased
the activity of AChE (Figure 10).

Thus, our studies have shown the need to take into
account the simultaneous presence of various metabolites of
vitamins in tissues when examining their effects on various
biochemical processes. Our research has demonstrated that
in a significant number of cases the action of the vitabolomes
of various vitamins differs from the action of both coenzyme
forms and catabolites.

The mechanisms of such action can be realized both at the
level of individual enzymes, and in competition for the
corresponding proteins

m Young rats (5-6 months)
™ Mature rats (10-12 months)
m Old rats (22-24 months)
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Control FAD FMN LC B2
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Figure 10 | Influence of riboflavin, its metabolites and vitabolome
on AChE activity in liver of young (5-6 months), mature (10-12
months) and old (22-24 months) rats (umol/g) (n=8). Notes: * - p
< 0.05 in comparison with the control. Biusune pubodnasuna,
ero  MerabomuToB ¥ BuTaboIOMa ~ Ha  aKTUMBHOCTb
aLleTH/IXONMHACTePa3kl B IIeYeH) MOMOABIX (5-6 MeCALeB), 3peIIbIX
(10-12 mecsineB) u crapbix (22-24 MecsleB) Kpbic (MKMO7B / T) (n
=8 ). IIpumedanust: * - p < 0,05 110 CpaBHEHNUIO C KOHTPOJIEM:
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5. Concluding Remarks

1. The presence of the vitabolomes of the corresponding
vitamins in tissues leads to modulating effects on the
corresponding vitamin-dependent enzymes, which is
manifested in a decrease in the activating effect and a
weakening of the inhibitory action of catabolites.

2. The effectiveness of the action of the vitabolomes
significantly depends on the age of the experimental animals.

3aknroueHne

1. Hanmuume B TKaHAX BUTAO0/IOMOB COOTBETCTBYIOLIMX
BUTAMUHOB HPUBOAUT K MopymupyomuMm sdpdekram B
OTHOLIEHMN  COOTBETCTBYIOIIMX  BUTAMMH3ABUCUMBIX
(epMeHTOB, YTO BBIPAXKAETCS B CHIDKEHMIU aKTUBUPYIOIINX
9¢¢dexToB BUTAMMHOB ¥ OCTAONEHMN MHIMOUTOPHOTO
IeliCTBUS KaTabOMIUTOB.

2. 9 PeKTUBHOCTD HeCTBUA BUTAO0TIOMOB CYI[eCTBEHHO
3aBJMCHUT OT BO3PACTa SKCIIEPUMEHTATbHbBIX )KUBOTHBIX
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