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ABSTRACT
The aim of the research was to study the effectiveness of substances
with an immunostimulating effect in T-2 mycotoxicosis. Subacute
T-2 mycotoxicosis was simulated in male, white Wistar rats by
administering intragastrically, a toxic at a dose of 1/5 LD50 (0.64 mg/
kg of body weight) for 15 days, at the same time the animals were
immunized with the vaccine against colibacteriosis (on the first day
of the experiment). The following drugs were tested: “Xymedon”
(1-(β-oxyethyl)-4,6-dimethyl-1,2-dihydro-2-oxopyrimidine)
was administered intragastrically at a dose of 75 mg/kg daily;
“Dimephosphone” (Dimethyloxobuthylphosphonilmethylate) at
a dose of 90 mg/kg daily; “Levamisole” (S)-2,3,5,6-Tetrahydro-5phenylimidazo[2,1-b]thiazole hydrochloride) intragastrically at a dose
of 4 mg/kg for the first 3 days, after a 4-day break it was administered
again for 3 days; “Thymalin” (thymus extract derived from thymus

glands of large animals) administered intramuscularly at a dose of
0.2 mg/kg for 5 days from 7th day of the experiment. All experimental
animals were immunized with the vaccine against colibacteriosis; the
vaccine was administered intramuscularly into the back of the thigh at
a dose of 0.5 ml per day. The criteria for evaluating the effectiveness
of the drugs were hematological indicators, immunological indicators
and accumulation of specific antibodies to the vaccine. It has been
established that all the tested drugs had a protective effect which was
expressed in positive changes in hematological, immunological and
non-specific resistance indicators. “Thymalin” had the most pronounced
protective effect in toxicosis with T-2 toxin in rats, “Xymedon” had the
least protective effect, “Dimephosphone” had an average level of effect.
“Thymalin” proved to be more effective according to the indicators of
the accumulation of specific antibodies.
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INTRODUCTION
Mycotoxins contaminate food and feed at all
stages of their production, transportation, storage, processing, and marketing. The researchers’
interest is in the immunosuppressive properties
of mycotoxins, especially T-2 toxin.1-7 We cannot
exclude the possibility of the effect of several mycotoxins or combined effect of mycotoxins and other
eco-toxicants.8-11
Various adsorbents11,12,13,14,15 or chemical
compounds with antioxidant properties16 are the
most widely used to protect animals from the
harmful effect of mycotoxins. Taking into account
the pronounced immunosuppressive effect of
mycotoxin T-2, it is interesting to study the effectiveness of the application of the substances with
immunostimulatory or potential immunostimulatory effect in T-2 mycotoxicosis.

MATERIALS AND METHODS
For screening, drugs such as 
xymedon
(1-(β-oxyethyl)-4,6-dimethyl-1,2-d ihydro-2-ox
opyrimidine), dimephosphone (Dimethyloxobuthyl
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phosphonilmethylate), levamisole (S)-2,3,5,6Tetrahydro-5-phenylimidazo[2,1-b]thiazole
hydrochloride) and thymalin (thymus extract
derived from thymus glands of large animals) were
used, their direct or indirect immunostimulatory
effects were established.17,18,19
The experiment was conducted in laboratory animals – white Wistar rats from the special
nursery in FGBNU “FCTRB-VNIVI”. Before the
experiment the animals were kept in 2-week quarantine, fed according to the norms. The food was
also examined on biological safety – the presence
of pathogenic and opportunistic pathogenic microflora, toxins; the food corresponded to the Security
Quality Certification.
The experiment was conducted in 100 adult
male white Wistar rats weighing 160–180 g, they
were divided into 5 groups of 20 animals in each
according to the principle of analogs. T-2 toxin was
administered intragastrically to the animals of the
first group in the form of a 5% aqueous alcoholic
solution at a dose of 1/5 LD50 (0.64 mg/kg of body
weight) for 15 days daily. The rats of the second
group received intragastrically T-2 toxin in the
form of a 5% aqueous alcoholic solution at a dose of
349
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1/5 LD50 daily and immunostimulant “Levamisole”
at a dose of 4 mg/kg for the first 3 days, after a
4-day break they received it again for 3 days. T-2
toxin (1/5 LD50) and “Xymedon” at a dose of 75
mg/kg were administered to the animals of the
third group daily. T-2 toxin and “Dimephosphone”
at a dose of 90 mg/kg were administered to the
rats of the fourth group daily. Animals of the fifth
group received intragastrically T-2 toxin (1/5 LD50)
daily and “Thymalin” intramuscularly at a dose of
0.2 mg/kg for the first 5 days. The experiment lasted
15 days. All the animals were immunized with the
vaccine against colibacteriosis, prepared in FGBNU
“FCTRB-VNIVI” (Kazan, Russia), kindly provided
by the head of the young animal disease laboratory.
The vaccine was administered intramuscularly into
the back of the thigh at a dose of 0.5 ml per day.
To carry out the experiment, crystalline T-2 toxin
(Fermentek ltd, Israel) was used, the purity of the
toxin was not less than 97%.
Such indicators as clinical features, hematological indicators, indicators of nonspecific resistance
of rats, T- and B- lymphocyte content and accumulation of specific antibodies to the vaccine against
colibacillosis served as control. The obtained data
were compared to the background.
Blood samples were taken from the experimental
and control animals by decapitation. Hematological
studies – the determination of the number of erythrocytes, leukocytes, and hemoglobin were carried
out with the Mythic 18 hematology analyzer. Titers
of antibodies to the vaccine against colibacteriosis
in piglets were determined by serum agglutination
test.
Table 1 H
 ematological indicators in white rats in experimental T-2
toxicosis when applying immunostimulants (n=10)
Indicator
The day of
the research

Group

erythrocytes,
х1012/l
7.34±0.23

9.52±0.41

152.50±4.0

1

6.81±0.21

8.83±0.21

149.80±3.9

2

7.07±0.25

9.18±0.19

151.40±4.1

Background
7

15

*

350

hemoglobin,
g/l

3

7.06±0.22

9.18±0.29

150.10±3.8

4

7.04±0.21

9.23±0.24

150.20±3.7

5

7.05±0.29

1

5.56±0.19

2

9.21±0.22

150.10±3.8
***

7.01±0.23

144.80±3.5

5.88±0.27*

7.48±0.21***

146.20±3.7

3

5.97±0.24

***

7.37±0.27

145.10±2.9

4

6.18±0.26

7.95±0.24

**

147.20±3.4

5

6.14±0.27

8.07±0.28*

− р <0.05; − р <0.01;
**

leukocytes,
х109/l

***

− р <0.001

***

*

147.50±4.6

The activity of lysozyme in serum was examined
by the method based on the ability of lysozyme
to dissolve the mucopolysaccharides of the shell
of certain bacteria. One-day culture Micrococcus
lysodeikticus served as a standard to determine the
titer of lysozyme in the test material.
The level of T- lymphocytes in peripheral blood
was determined by the spontaneous rosette test with
heterogeneous red blood cells (E-rosetting). The
method is based on the ability of t hymus-dependent
lymphocytes to form spontaneous rosettes with red
blood cells due to the presence of T- lymphocytes
on the membrane that form an immune relationship with the surface antigens of heterologous
erythrocytes.
The identification of B- lymphocytes was
carried out by EAC-rosetting. The principle of the
method lies in the interaction of the membrane
of B-cells that contains receptors for the third
component of complement (C3) with red blood
cells “loaded” with a complement. As a result,
rosettes are formed.
The phagocytic ability of neutrophils was determined by phagocytosis indicators: phagocytic
activity – the percentage of active (phagocytic)
neutrophils; phagocytic index – the average number
of microbial bodies per counted neutrophil; phagocytic number – the average number of microbes
in one active neutrophil, phagocytic capacity that
characterizes the total phagocytic activity and
depends on the number of leukocytes in 1мм.3 The
object of phagocytosis was a one-day culture of
Staphylococcus aureus.
Numerical data processing was performed with
the method of statistical variance with the use of
Student’s validation criterion.

RESULTS AND DISCUSSION
The dynamics of changes in hematological indicators in the case of T-2 toxicosis when applying
immunostimulants is presented in Table 1.
The data presented in Table 1 show that in the
animals in all the groups there was a decrease
in the number of erythrocytes, leukocytes, and
hemoglobin. Thus, on 7th and 15th days in
the first group of the animals that received the
toxin without any immunostimulants (“toxicity
control”), the number of erythrocytes reduced by
7.2% and 24.3%; leukocytes – by 7.3% and 26.4%;
the content of hemoglobin - by 1.8% and 11.6%,
respectively.
In the second group of animals where levamisole
was administered there was a slight decrease in the
number of erythrocytes, leukocytes and hemoglobin - 3.7%; 3.6% and 0,7% on 7th day; however, on
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Table 2 I ndicators of nonspecific resistance of white rats
in experimental T-2 toxicosis when applying
immunostimulants (n=10)
Indicator
The day of
the research

Group

Background
7

15

*

PA,
%

PN,
unit

Activity of
lysozyme,
%

PC,
109/l

63.93±1.17

5.22±0.47

49.69±3.04

46.25±0.81

1

66.82±1.34

5.40±0.39

47.68±3.17

44.74±1.07

2

67.71±1.57

5.36±0.51

49.20±2.57

45.23±0.93

3

65.73±1.19

5.38±0.49

49.39±3.08

45.07±1.17

4

64.94±1.07

5.41±0.62

49.93±2.75

45.14±1.09

5

65.82±1.12

5.41±0.54

49.83±3.19

1

54.87±1.28

4.60±0.56

32.25±3.41

2

56.36±1.39**

4.83±0.74

36.13±3.82*

42.53±1.24*

3

58.05±1.57

4.87±0.68

35.89±2.94

42.96±0.98*

4

59.94±1.49

5.26±0.59

41.82±3.79

42.71±1.29*

5

59.06±1.61*

5.03±0.73

40.59±3.19

42.82±1.34

***

*

44.93±0.87
**

**

42.52±0.96*

− р <0.05; ** − р <0.01; *** − р <0.001

Table 3 T
 he content of T- and B- lymphocytes in the blood of
white rats in experimental T-2 toxicosis when applying
immunostimulants (n=10)
Indicator

The day of the
research

Group

Т- lymphocytes, %

В- lymphocytes, %

55.34±0.78

22.54±0.51

Background

15

*

20.06± 0.59**

1

46.37±0.57

2

48.32± 1.18***

20.53± 0.53*

3

48.84± 1.12

20.68± 0.69

4

50.08± 0.59

21.17± 0.68

5

50.84± 0.73**

21.13± 0.71

***

***
***

− р ≤0.05; ** − р ≤0.01; *** − р ≤0.001

Table 4 T
 he content of antibodies in the serum agglutination in
rats after vaccination when applying immunostimulants in
subacute T-2 toxicosis (n=6)
The group of animals

The dilution
of serum

1

2

3

4

5

1:5

+

+

+

+

+

1:10

+

+

+

+

+

1:20

+

+

+

+

+

1:40

+

+

+

+

+

1:80

-

+

+

+

+

1:160

-

-

+

+

+

1:320

-

-

+

-

+

1:640

-

-

-

-

-

1:1280

-

-

-

-

-

Control

-

-

-

-

-
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15th day a decrease was more significant - 19,9%;
21.4% and 9.4%, respectively, in comparison with
the background, but less pronounced than in the
first group of rats.
In the third group of animals where xymedon
was administered the content of erythrocytes,
leukocytes and hemoglobin did not significantly
differ from that in the second group and decreased
by 3.8%; 3.6% and 1.6% on 7th day; on 15th day
xymedon had significant protective effect on
hematological indicators which decreased by
18.7%; 22.6% and 10.1%, respectively, in comparison with the background. But this reduction
was less pronounced than in the toxicity control
group. In the fourth group of animals where
dimephosphone was administered there was a
decrease of 4.1%, 3.1% and 1.6% in the number
of erythrocytes, leukocytes, and hemoglobin
on the 7th day; on 15th day – 15.8%; 16.5% and
8.7%, respectively. In the fifth group of animals
where thymalin was administered there was a
decrease of 4.0%; 3.3% and 1.6% in the number of
erythrocytes, leukocytes and hemoglobin on the
7th day; on 15th day – 16.4%; 15.2% and 9.2%,
respectively.
The results of the experiment show that the
application of immunostimulants “Xymedon”,
“Dimephosphone” and “Thymalin” had a protective
effect on hematological indicators in animals.
The results of the research on nonspecific resistance of rats after administering T-2 mycotoxin in
combination with immunostimulants are presented
in Table 2.
The data presented in Table 2 show that the
activity of lysozyme in the animals in the first group
decreased by 3.3% and 8.1% on 7th and 15th days;
in the second group - by 2.2% and 8.0%; in the third
group - by 2.6% and 7.1%, in the fourth group –
by 2.4% and 7.7%, in the fifth group - by 2.9% and
7.4%, respectively.
The phagocytic activity in rats in the first group
increased by 4.5% on the 7th day and decreased
by 14.2% on the 15th day. In the second group, it
increased by 5.9% on the 7th day and decreased
by 11.8% on the 15th day. In the third group, it
increased by 2.8% on the 7th day and decreased
by 9.2% on the 15th day. In the fourth group of
animals, the phagocytic activity in rats increased
by 1.6 % on the 7th day and decreased by 6.2%
on the 15th day. In the fifth group, it increased by
3.0% on the 7th day and decreased by 7.6% on the
15th day. The phagocytic number in the first group
of animals increased by 3.5% on the 7th day and
decreased by 11.9% on the 15th day. In the second
group, there was an increase of 2.7% in phagocytic
number on the 7th day and a decrease of 7.5%
351
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on the 15th day. In the third group of animals, it
increased by 3.1% on the 7th day and decreased
by 6.7% on the 15th day. In the fourth group, the
phagocytic number increased by 3.6% on the
7th day and increased by 0.8% on the 15th day. In
the fifth group, it increased by 3.6% on the 7th day
and decreased by 3.6% on the 15th day.
The phagocytic capacity in the animals of
the first group decreased by 2.1% and 32.6%
on the 7th day and on the 15th day, respectively.
In the second group, it increased by 0.5% on the
7th day and decreased by 25.4% on the 15th day.
In the third group, the phagocytic capacity
decreased by 1.6% and 22.6% on the 7th day and
on the 15th day, respectively. In the fourth group
of animals, it decreased by 1.1% and 14.9%,
respectively. In the fifth group, the phagocytic
capacity decreased by 1.6% on the 7th day and
22.6% on the 15th day.
The results of studying the content of T– and
B– lymphocytes on the 15th day of the experiment
are shown in Table 3.
The content of T– and B– lymphocytes in the
blood of the animals in all the groups decreased
on the 15th day. The changes were as follows: in
the first group of animals (T-2 toxin at a dose of
1/5 LD50 was administered), the reduction in the
number of T– and B– lymphocytes was 16.2%
and 11.0%, respectively. In the second group of
animals (T-2 toxin and levamisole were administered) the decrease was less significant - 12.7% and
8.9%, respectively. In the third group of animals
(T-2 toxin and xymedon were administered)
there was a slight decrease of 11.8% and 8.3% in
T– and B– cells, respectively. In the fourth group
of experimental animals (T-2 toxin and dimephosphone were administered) a reduction in T– and
B – lymphocytes was 9.5% and 6.1%, respectively.
In the fifth group of animals (T-2 toxin and
thymalin were administered) there was a minimal
decrease of 8.1% and 6.3% in the number of T– and
B– lymphocytes, respectively, in comparison with
the background.
The results of studying the accumulation (titer)
of specific antibodies in the serum of white rats at
various dilutions when applying immunostimulants are presented in Table 4.
The results of the research have shown that the
maximum level of antibodies in the serum (titer)
was observed in the third group (T-2 toxin + xymedon) and in the fifth group (T-2 toxin + thymalin)
(1:320). In the first group (T-2 toxin) there was the
lowest level of the titer (1:40). The titer level in the
second group (T-2 toxin + levamisole) was 1:80
and in the fourth group (T-2 toxin + thymalin)
- 1:160.
352

CONCLUSION
The results of the experiment show that all the
immunostimulants had a protective effect which
was expressed in positive changes in hematological,
immunological and non-specific resistance indicators. It has been established that thymalin had the
most pronounced protective effect in toxicosis with
the T-2 toxin in rats, xymedon had the least protective effect, and dimephosphone had an average
level of effect. Thymalin proved to be more effective
according to the indicators of the accumulation of
specific antibodies.

REFERENCES
1.
2.
3.
4.

5.
6.

7.
8.
9.

10.

11.

12.

13.

14.

Buening G.M. (1982) The effect of T-2 toxin on the
immune bovine system: Cellular factors. Vet. Immunal.
Immunopathol 3: 411–417.
Vidal D. (1990) Proprietes immunosuppressives des mycotoxines du groupe des trichothecenes. Bull. Inst. Pacteur
88: 159–182.
Corrier D.E. (1991) Mycotoxicosis: mechanisms of
immunosuppression. Veterinary Immunology and
Immunopathology 30: 73–87.
Herbert L. Borison, Mary L. Goodheart, David C. Turner
(Thut?) (1991) Hypovolemic shock in acute lethal T-2
mycotoxicosis. Toxicology and Applied Pharmacology
108: 107–113.
Hussein S., Brasel M. (2001) Toxicity, metabolism, and
impact of mycotoxins on humans and animals. Toxicology
167: 101–134.
Ferreras M.C., Benavides J., García-Pariente C.,
Delgado L., Fuertes M. (2013) Acute and chronic disease
associated with naturally occurring T-2 mycotoxicosis in
sheep. Journal of Comparative Pathology 148: 236–242.
Bondy G.S., Pestka J.J. (2000) Immunomodulation by fungal toxins. J. Toxicol. Environ. Health. Critical Reviews
(Parth B) 3: 109–113.
Bekesi L., Hornof S., Szigeti G. (1997) Effects of F-2 and
T-2 fusariotoxins on experimental Criptosporidium baileyi infection in chickens. Parasitol. 27: 1531–1536.
Papunidi K.Kh., Kadikov I.R., Saitov V.R., Tremasov M.Ya.,
Tremasova A.M., et al. (2016) Cytomorphological changes
hepatorenal system combined with fever poisoning xenobiotics. Research Journal of Pharmaceutical, Biological
and Chemical Sciences 7 (4): 2214–2221.
Semenov E.I., Matrosova L.E., Tremasov M.Ya.,
Tarasova E.Yu., Kryuchkova M.A., et al. (2016) Joint
effect of the mycotoxins T-2 toxin, deoxynivalenol and
zearalenone on the weaner pigs against a background of
the infection load. Research Journal of Pharmaceutical,
Biological and Chemical Sciences 7(1): 1860–1868.
Smith, M.C., Madec S., Coton E., Hymery N. (2016)
Natural co-occurrence of mycotoxins in foods and feeds
and their in vitro combined toxicological effects. Toxins
8(4): 94.
Semenov E.I., Tremasova A.M., Saitov V.R.,
Smolentsev S.Yu., Sunagatullin F.A., et al. (2016)
Efficiency of application of a polysaccharide enterosorbent of «Fitosorb» for prevention of the combined
mycotoxicosis. Research Journal of Pharmaceutical,
Biological and Chemical Sciences 7(4): 2229–2237.
Garcia A.R., Avila E., Rosiles R., Petrone V.M. (2003)
Evaluation of two mycotoxin binders to reduce toxicity of
broiler diets containing ochratoxin A and T-2 toxin contaminated grain. Avian Dis 47: 691–699.
Kubena, L. Philips T., Clement B. (1992) Efficacy of several sorbent materials for protection against aflatoxicosis
in broiler chickens. Poultry Sci. 71: 48.

Published by DiscoverSys | Bali Med J 2017; 6 (2): 349-353 | doi: 10.15562/bmj.v6i2.516

ORIGINAL ARTICLE

15.
16.
17.
18.

Smith T.K. (1992) Recent advances in the understanding
of Fusarium trichothecene mycotoxicosis. J. Anim. Sci. 70:
3989–3993
Kadikov I.R. (2015) The use of succinic acid and bentonite
in combined poisoning animals ecotoxicants. Veterinarian
2: 32–35.
Beschastnov V.V. (2011) Antioxidant activity of pyrimidine
derivatives in the topical treatment of purulent wounds of
soft tissues. Modern Technologies in Medicine 3: 21–26.
Ziganshina L.E. (1990) Effect of dimephosphone processes
exudation and proliferation. Pharmacology and Toxicology
1: 57–59.

Published by DiscoverSys | Bali Med J 2017; 6 (2): 349-353 | doi: 10.15562/bmj.v6i2.516

19.

Bazarnyi V.V. (1993) Effects of certain immunomodulators
hematopoiesis. Experimental Biology 1: 53–54.

This work is licensed under a Creative Commons Attribution

353

