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Often, changes of structural and
functional state of erythron is a diagnostic
indicator of the chemical factor influence on the
body. Under the normal circumstances the red
blood cells are able to partially counteract of
various factors, but this resistance weakens with
aging and negative factor’s impact, including
mycotoxins. Particularly dangerous (due to the
wide share in nature) are the toxins of
microscopic  fungi from  Fusarium  family,
including T-2 toxin, that belongs to the class 1
hazard (LD50 for most species in a single oral
administration of 2—10 mg/kg. Since red blood
cells are highly sensitive to chemical substances
the morpholigical and functional changes allow to
set the intensity of toxic influence.

The study was perfomed on Wistar male
rats weighing 180-200 g. Two phases of research
have been conducted to achieve this goal. The
first one was study the effect of T-2 toxin after a
single dose administration of 1/10 LD50. The
effect of silica on day 4 after toxin administration
was studied in the second phase.

The impact of T-2 toxin on certain
haematological parameters of the rats’ blood and

erythron morphological and functional state was
analysed. Depressive impact of T-2 toxin on the
system of erythropoesis and protein biosynthesis
was established, which leads to decrease in
erythrocyte count, corpuscular volume
haemoglobin  concentration  and  derived
indicators. Reduction in erythrocytes resistance to
haemolytic and population redistribution of age
fractions caused by accelerated cell aging under
the influence of toxicant also found. The positive
changes to all the above parameters during the
simultaneous introduction of the toxin and silica
was  studied. Change of haematological
parameters and dynamical reticulocytes exit
indicates high absorption capacity of silica
(aerosil) on T-2 toxin.
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Yacmo 3MIHU CMPYKMYPHO-
@dyHKYioHATbHO2O cmany epumpona €
JiacHOCMUYHUM NOKAZHUKOM 6NAUBY  XIMIYHUX
¢axmopie na opeanizm. YV HOpMaTbHUX ymMo8ax
epumpoyumy 30amui nPOMudiamu 8 0esxitl Mipi
PI3HUM YUHHUKAM, alle ye 3HUICYE ONip MemMOpan.
Taxuil eghexm cnocmepicacmvcs npu CMAPIHHI i

He2amusHOMY GHAUGL (DAKmMopie, 6 MoMy HUCi
mikomoxcunie. Ocobauso Hebesneuni  (uepes
WUPOKOe  NOWUPeHHsI 8 Npupoodi) € MOKCUHU
MiKkpockoniuHux 2pubie Fusarium, 6 momy quciui
T-2 moxcun, skull HareNCums 00 K1acy Hebesnexu
1 (LD50 onsa oGinvwocmi 6udie 6 O0OHOMY
nepopanviomy esedenni 2—10 me/ke.  Ockinbku
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YepeoHi Kpo8'sHi KAiMuHu Oyxce Yymausi 00
XIMIUHUX PedosuH MOopGo-pyHKYIOHANbHI 3MiHU
003601A10Mb 8CMAaHOBUMU iHmeHcusHicmo
MOKCUYHO20 BHIIUBY.

Jlocriooicenns Oyno npogedeno Ha wypax-
camysax ninii Bicmap macoio 180-200 e. Byau
npogedeni 06i pazu docnidxncensv. [lo-nepute, 6y10
sugueno enaug T-2 mokcumny nicisa 00OHOPA308020
66edennss 003010 1/10 JI50. Epexm aepocuny na
4-i Oenb micis 68e0eHHsI MOKCUHY GUBYATU HA
opyeomy emani.

Jocniooceno enaue T-2 moxcuny Ha
OKpeMi 2eMamolociuHi NOKA3HUKU KPOBi WYpis,
Mopo-ghyHKyioHanvHull cmau epumpomy.
Bcmanogneno odenpecusnuii eénaug T-2 moxcumy
Ha cucmemy epumponoesy ma 6iocunmes OiiKa,
Wo  npuszeooumv 00  3HUICEHHS  KLIbKOCHI
epumpoyumis, 2eMamoKpUmHo2o yucaa,
KOHYyenmpayii  2emo2iobiny — ma  NOXIOHUX

NnoKa3Hukie.  Buseneno  maxooc  3HUICEHHS
CMIUKOCMI  epumpoyumis 00 2eMOamuKa ma
NONYAYIUHUL  Nepeposnodil  6IKOSUX Qpaxyiti
3YMOSGAEHUU NPULUBUOUEHUM CMAPIHHAM KIIMUH
nio dieio moxcukanma. Bueueno nosumusHi 3minu
8CIX  GUWE  3A3HAYEHUX  NOKA3HUKIE  npu
OOHOUACHOMY 66€0€HHi 3 MOKCUHOM AepOoCUy.
3mina eemamonozivhux NOKA3HUKIE Ma OUHAMIKA
BUX00Y PEMUKYIOYUMIE 6KA3VIOMb HA GUCOKI
copbyitini  30amuocmi  aepocuny wooo T-2
TMOKCUHY.

KmouoBi caosa: EPUTPOH, T-2

TOKCHH, I'EMATOJIOT'TYHI
[TOKA3HUKUH, EPUTPOLIUTH,
I'EMATOKPUT, I'EMOI'JIOBIH,
EPUTPOI'PAMH, OPAKHIOHYBAHHA
EPUTPOLIUTIB
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Yacmo UsMeHeHUs CMPYKMYpPHO-
DYHKYUOHATHHO2O0 COCMOSIHUSA apuUmpona
A67AEMCA  OUASHOCMUYeCKUM  nokazamenem

6030elicmeusi  Xumudeckux — ¢axmopog  Ha
opeanusm. B HopmanvHuIx ycaosusx spumpoyumol
CNOCOOHBL  NPOMUBOOCLICMBOBAMb  PA3TUYHBIM
Gaxmopam, HO MO CHUNCAEM CONPOMUGIEHUE
membpan. Taxou s¢hghexm mabmodaemes npu
cmapenuu U He2amueHoOM  8030elcmeuu
Gaxmopos, 6 mom uucie MUKOMOKCUHOS.
Ocobenno onacHwl (uz-3a WUpoKotl
PACNpoCmMpaneHHocmu 8 npupode)  AGISIOMCsL
MOKCUHBI MUKPOCKOnUYecKkux epubos Fusarium, 6
mom yucie T-2 mokcuH, KOmopbulii NPUHAOIeNCUM
Kk knaccy onachocmu 1 (LD50 ons 6onvuuncmea
8U008 6 O00HOM nepoparvbHom esederuu 2—10
me/ke. Ilockonbky Kpachvle KpossiHble KIemKU

oyeHb Yy6CmeumesnbHbl K XUMUYECKUM
sewecmeam Mop@ho-pyHKYUOHATbHbIE UIMEHEeHUs
n0360A10M YCmMaHosumas UHMEHCUBHOCTND

MOKCUYECK020 8030€UCHBUSL.

Uccneoosanue  6vi10  nposedeno  Ha
Kpulcax-camyax nunuu Bucmap maccoi 180-200
2. Bvuiu nposedenvl 0se ¢haszvl ucciedosanuil.
Ilepgviv 6v110 usyyeno eausnue T-2 moxcuna

nocie 0OHOKpamHoz2o eeedenus 6 0oze 1/10 JI/150.
Dpghexm aepocuna ma 4-ii denv nocie 66edeHus
MOKCUHA U3YYATU HA IMOPOM dImane.

Hccneoosano enusnue T-2 moxcumna Ha
omoenvHble  2eMamonoudecKue  noKazamenu
KpOSU KpbiC, MOPPO-YHKYUOHATbHOE COCMOsNUE
opumpona. Ycemanosneno denpeccusnoe 6lusiHue
T-2 moxcuna Ha cucmemy 3PUMpPoOnod3a u
buocunmes bOenxa, 4mo NpuGOOUM K CHUNCEHUIO
KOIUYeCmsea 9pUumpoyumos, 2emMamoxKpumHozo
yucaa, KOHYenmpayuu 2eM02100UuHa u
Npou3BOOHbIX noKasamenell. Buvlagneno makaice
CHUDICEHUe — YCTHOUYUBOCTHU — IPUMPOYUTNOE K
2EMONIUMUKY u NORYIAYUOHHOE
nepepacnpeoenenue  803PACHHLIX  (Dpaxyitl,
KOmopoe 00yCI061eHO VYCKOPEHHLIM CMapeHuem
K1emoK nod oeucmeuem moxkcuxkauma. Hzyuenvi
NOA0dCUMETbHBLE uMeHenus ecex
BbIULEYKAZAHHBIX noxazameretl npu
O0OHOBPEMEHHOM 86€0€HUU C TMOKCUHOM AIPOCUNA.
Hzmenenue ecemamonocuveckux noxasamenet u
OUHAMUKA 8bIX00A PEMUKYIOYUMO8 YKA3bIBAIOM
Ha  6bICOKUE  COpOYUOHHBlE — CHOCODHOCMU
aspocuna omuocumenvho T-2 moxcuna.
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KmoueBnie ciaosa: DPUTPOH, T-2

TOKCHH, I'’EMATOJIOTMYECKHUE
I[TOKA3ATEJIN, OPUTPOLMUTHI,
I'EMATOKPUT, I'EMOI'JIOBMH,
OPUTPOI'PAMMBI,

OPAKIHMOHNPOBAHUE SPUTPOLIMTOB

Often, changes of structural and
functional state of erythron is a diagnostic
indicator of chemical factors influence on the
body. As a result, there is a damage to cell
membranes and related interruption in bio-
energetic processes. Under the  normal
circumstances the red blood cells are able to
oppose at some degree of various factors, but
this resistance weakens with aging and
negative factor’s impact, including secondary
metabolites of mould fungi — mycotoxins.

Particularly dangerous (due to the
wide share in nature) are the toxins of
microscopic fungi from Fusarium family [1,
2]. 45 of tryhothecenes mycotoxins are among
the most dangerous secondary fungi
metabolites, including T-2 toxin, that belongs
to the class 1 hazard (LD50 for most species
in a single oral administration of 2—-10 mg/kg
[3]). Observed effects under the influence of
T-2 toxin are: dermatonecrosis, lesions of the
cardiovascular system, gastrointestinal tract,
decreased animal productivity and resistance
to diseases [4]. The negative impact of T-2
toxin on the functioning of the
haepathobiliary [5] system and bone marrow
are well known [6], however, the influence at
the blood system and the prevention of this
phenomena studied insufficiently. In this
respect, worthwhile is the study not only
about the haematological parameters, but also
the age of the erythrocyte membrane and
erythrocytes resistance.

To prevent the negative effects of
feeding  nutriments  contaminated by
mycotoxins, a wide range of feed additives
such as enterosorbents are used. They are an
effective treatment and prophylactic measure
of wvarious etiologies. Enterosorbents are
introduced into the nutriments during most of
the period during breeding animals, therefore
they must meet the following requirements:
be effective when introducing only a few kg/t;

bind toxins at low concentrations; be safe and
keep up the growth rates of animals. Aerosil
is one of the most effective sorbents on
tryhothecenes mycotoxins. It meets all the
above requirements and eliminates the T-2
toxin by sorption on molecule’s surface and
elimination from the body

Since red blood cells are highly
sensitive to chemical substances and
morpholigical and functional changes allow
set the intensity of toxic influence — the
purpose of our study was to determine the
impact of T-2 toxin on haematological
parameters in rats and to investigate the state
of erythron with using of aerosil.

Materials and Methods

The study was perfomed on Wistar
male rats weighing 180-200 g that were kept
isolated (on quarantine) for 7 days before the
experiment. According to the principle of
analogues there were 2 control and 7
experimental groups of 5 animals each
formed.

Two phases of research have been
conducted to achieve the goal. The first one
was study the effect of T-2 toxin after a single
dose administration of 1/10 LD50. In order, to
do this rats were divided into 6 groups:
control (K) and 5 experimental (D1-D5).
Experimental groups were administered T-2
toxin intragastrically, through the probe, at a
dose of 0.67 mg/kg. The effect of silica on
day 4 after toxin administration was studied in
the second phase. Three groups of animals
were formed: Control — K2; animals injected
with T-2 toxin — D6; animals injected with
T-2 toxin along the silica at the rate of 200
mg/kg body weight — D7.

Blood was selected after animal
decapitation under a light ether anaesthesia (in
compliance with the European Convention for
the protection of laboratory animals used in
the experiment) and the following parameters
defined: haemoglobin concentration [7], the
number of erythrocytes, and reticulocytes [8],
hematocrit, acid resistance of erythrocytes [9],
the erythrocytes composition component also
determined in sucrose density gradient. Cell
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populations in the age aspect obtained for
differentiation, cytological control of the
reticulocytes content [10] was performed. The
mean concentration of haemoglobin and the
mean volume of red blood cells were defined
by calculation. Software package Microsoft
Office Excel 2010 was used for statistical
analysis of the received results.

Results and discussion

The experimental data showed that a
single intragastric administration of T-2 toxin
at the dose 1/10 LD50 resulting in credible
changes in some haematological indicators,
reveal a malfunction of erythron.

In particular, during the first day of the
experiment, decrease in  haemoglobin
concentration by 11 % was observed, and on
day 3 of the experiment it was 103.29 g/L,
and by the 5th day there were no significant
changes in comparison with control.

Reduction in the number of red blood
cells during the experimental period was less
expressed, however on day 4 of the
experiment, the number was 4.36 t/l. These
changes are generated by accelerating
destruction of cells in the bloodstream, caused

by haemolysis due to oxidative stress
triggered by T-2 toxin.
Hematocrit number 1s changing

similar to the number of red blood cells (starts
to decrease straight in the first days after toxin
administration) and reaches the maximum
alteration, namely 43.13 % on the 4th days of

the experiment. On the S5th day after
administration of toxin this number is starting
to the control group and stands at 48.13 %.

The morphological and functional
changes in the hematopoietic system of rats
(during development of toxicosis) are
indicated by the research results of mean
erythrocyte volume, and concentration of
haemoglobin in erythrocyte. Despite the fact
that mentioned numbers are derived from
hematocrit, erythrocyte count and
haemoglobin concentration in the blood, their
calculation is often carried out in research for
more complete characteristics of the processes
occurring in the system of erythropoiesis
influenced by various factors.

The results of our research indicate
that the introduction of T-2 toxin causes
erythrocyte volume to increase, so on days 1—
4 of the experiment, this index increases by
7-13 %. This fact, as known, is typical for
haemolytic and other anaemia, and also
disfunction of liver.

The mean concentration of
haemoglobin in erythrocytes indicator shows
the saturation level of erythrocyte by
molecules of oxygen-transport protein.
Although it is the most stable haematological
parameter it was established that on day 4,
after toxin administration, it increased by
10 %, and on day 5 approximate control
values. These data indicate abnormal
synthesis of haemoglobin under the toxin
influence.

Table 1
Influence of T-2 toxin on hematological parameters of blood in rats
Mean Mean
Hemoglobin, Red blood o ca Mean corpuscular | corpuscular
Hematocrit, % | corpuscular
g/l cells, T/1 Hgb, pg Hgb
volume, fl .
concentration

K1 (n=25) 131.85+6.86 5.94+0.17 51.87+0.52 87.32 22.2 3.93
D1 (n=5) 118.07+6.86 5.36+0.18* 50+0.85 93.28 22.03 4.23

D2 (n=5) 113.14+4.33 5.19+0.22* 48.63+£0.52** 93.69 21.8 4.3
D3 (n=5) 103.29+3.92* | 4.484+0.23*** | 44,0+0.74%** 98.21 23.06 4.26
D4 (n=5) 107.03+£6.53* | 4.36+0.21%** | 43.13+0.36*** 98.92 24.55 4.03
D5 (n=5) 122.38+5.38 5.42+0.21 48.13+0.32%** 88.8 22.58 3.93

Note: * — p<0.1; ** — p<0.01; *** — p<0.001 compared with a control group
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Having analyzed the acid resistance of
erythrocytes, the statement can be made, that
maximum resistance is observed in the blood
of the control group animals (K1), as can be
seen from the graph left and right sides of
peak are symmetrical, indicating a balance
between young, mature and old red blood
cells. Similar resistance was found in samples
of the first (D1) and fifth (DS5) groups,
however, in the samples of group 1, increase
in old and decrease in young erythrocytes
was observed, as indicated in the left graph,
which is much bigger than the right. These
changes are caused by inhibition of
erythropoiesis due to depressive effect of the
toxin on the blood. Decreased resistance of
red blood cells due to a slowdown in the
synthesis of new cells, was observed in

3,1. 15, Ne 4

erythrograms D2 and D3 groups, the peak
which is shifted to the left in comparison with
the control (p<0.1). In group D4 the greatest
resistance of erythrocytes was noted. The
peak maximum appeared at 4.5 min and
contained 43 % haemolysed cells. These
changes, evidently, were caused by activation
of lipid peroxidation in these cells, and by the
development of oxidative stress leading to
cell aging. Analyzing data on day 5 after
administration of  toxicant, maximum
haemolysis observed at 5.5 min. This
indicates the normalization of erythropoiesis
intensity, the functional cells condition, and
increased resistance of erythrocytes to the
haemolytic action, as evidenced by the
expansion of the right part of the graph.
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Fig. 1. Influence of T-2 toxin on acid

So, the results obtained at this stage of
research, pointing at the negative impact of T-
2 toxin on the system of erythropoiesis which
is manifested in changes of haematological
parameters. Reduction in the number of red
blood cells and haemoglobin concentration in
the animal blood under the influence of the
tested toxicant reduces the oxygen supply to
the tissues. It is likely that the number of red
blood cells decreases due to interruption in
the processes of erythropoiesis in the marrow
and the growth rate of destruction of red
blood cells in the spleen. In general, this
impact of T-2 toxin indicate suppression of

resistance of rat erythrocytes

erythropoiesis and accelerated destruction of
erythron cells due to oxidative stress.

From the results obtained it can be
concluded that the maximum change in
haematological parameters in rats was
observed on the 4th day after administration
of T-2 toxin, therefore, to study the impact of
neutralizing effect of aerosil in the next stage
of our work we have chosen this period.

Experiments were performed on three
groups of animals: K2 (control), D6, D7
(group of animals injected with T-2 toxin),
D7 (animals which additionally were injected
the aerosil).
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Data analysis showed neutralizing
effect of silica on toxin action. The samples of
D7 group showed the number of erythrocytes

increase by 14.5 % compared to the D6 group
animals  (p<0.1), injected with toxin.

ik

Red bhlood cells, T/

k2

De D7

Fig. 2. Quantity of red blood cells in the blood of rats by administration of T-2 toxin and aerosil
Note: x — p<0.1; xx — p<0.01; xxx — p<0.001 compared with a group D6

By the action of T-2 toxin in animals
of the experimental group (D6) significant
(p<0.1) decrease in haemoglobin
concentration by 19 % compared with control
(K2) occurred. This may be due to inhibition

of protein synthesis of T-2 toxin. Given silica
growing this figure by 6 %, but these changes
are not credible when compared with animals
of D6.
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Fig. 3. Hemoglobin concentration in the blood of rats by administration of T-2 toxin and aerosol

Introduction of T-2 toxin causes a
reduction in the number haematocrit by 17 %
compared to control (p<0.001). This may be
due to decreased red blood cells from
collapsing in the bloodstream. According to

the researches, aerosil increases hematocrit by
6 % compared with the group D6 (p<0.001)
and quantitatively closer to the values
inherent in the animals of the control group.
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Fig. 4. Rate of hematocrit in the blood of rats by administration of T-2 toxin and aerosil

Changes in mean erythrocyte volume,
mean content and high concentration of
haemoglobin in the group D6 indicate the
morphological and functional changes in the
hematopoietic system in rats when toxin is

administered. The use of silica has normalized
data rates. This indicates a high sorption
capacity of aerosil on T-2 toxin in the
gastrointestinal tract.

Table 2

Mean corpuscular volume, mean corpuscular Hgbh, mean corpuscular Hgb concentration
by administration of T-2 toxin and aerosol

MCV
K2 87.32
D6 98.92
D7 92.01

MCH MCHC
22.2 3.93

24.55 4.03

23.19 3.96

Received data shows that a single
intragastric administration of T-2 toxin to rats
causes a reduction in resistance of
erythrocytes to the hemolytic, that is
explained by activation of free radical
oxidation and lipid peroxidation process.

With the simultaneous administration of toxin
and silica acid resistance of erythrocytes has
increased, which can be explained by a
decrease adverse effects of T-2 toxin in the
body of rats.
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Fig. 5. Acid resistance of erytrocytes of rat blood by administration of T-2 toxin and aerosil
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The age distribution of erythrocytes
was studied also. During the experiment it
was established that the introduction of T-2
toxin causes structural changes in these cells
and redistribution of erythrocytes age
fractions. Accordingly, on day 4 of the
experiment there was a reliable increase
(p<0.1-p<0.001) in population of old red
blood cells of D6 by 17 % compared to
control K2, which indicates the negative
impact of toxin on the structure of
membranes. Percentage redistribution of
«mature» red blood cells also showed a
decrease in their level by 4 %, while the
number of «young» erythrocytes not
experienced significant changes comparing

with control (K2). Introduction of silica
resulted in the reduction of the «old»
erythrocytes by 8 % compare with the
experimental group D6 (p<0.1). There is a
reduced number of «mature» red blood cells
while the number of «young» cells increased
by 11 %, which defines the escalation of
erythropoiesis by day 4 after toxin
administration.

Alterations to the dynamics of
reticulocytes exit into the bloodstream
indicates the negative impact of T-2 toxin on
the hematopoiesis process and erythropoiesis
in particular. However, with the introduction
of silica to animals of D7 group activation of
haematopoiesis  process took  place.
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Fig. 6. The ratio of populations of red blood cells by administration of T-2 toxin and aerosil

Received results allow to suggest
about high sorption properties of silica in
relation to T-2 toxin. The change of
haematological parameters and dynamics of
reticulocytes exit into the bloodstream
indicate the possibility of using silica as a
feed additive at the rate of 1 g/kg of feed in
order to prevent changes in haematopoiesis
process and other negative effects typical with
animal mycotoxicoses.

Conclusions

The experimental data showed that a
single intragastric administration of T-2 toxin
at the dose 1/10 LD50 resulting in credible
changes in some haematological indicators,
reveal a malfunction of erythron.

So, the results of research pointing at
the negative impact of T-2 toxin on the
system of erythropoiesis which is manifested
in changes of haematological parameters.
Reduction in the number of red blood cells
and haemoglobin concentration in the animal
blood under the influence of the tested
toxicant reduces the oxygen supply to the
tissues. It is likely that the number of red
blood cells decreases due to interruption in
the processes of erythropoiesis in the marrow
and the growth rate of destruction of red
blood cells in the spleen. In general, this
impact of T-2 toxin indicate suppression of
erythropoiesis and accelerated destruction of
erythron cells.

The use of silica has normalized data
rates. This indicates a high sorption capacity
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of aerosil on T-2 toxin in the gastrointestinal
tract.

Prospects for further research.
Researches presented in this paper showed a
significant effect of T-2 toxin on the erythron
system. In the following works we plan to
determine the effect of T-2 toxin on other
systems and organs.

Next research will be study the
changes in the liver and kidneys under the
influence of toxin
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