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MYCOTOXINS: IMMUNITY, IMMUNOLOGIC METHODS OF STUDY

V.A. Shaternikov, I.NW. Marokko

Mycotoxins ims the name given to the toxic metabolites of
osrtain npqcies of mieroscoplc fungl. The danger of mycotoxins
is connected with the feot that the microscoplo fungl produc-—
ing them are very widespread in nature and under certain oon-
ditions can affect fodder and food products.

At present, studies of the sffect of nycotoxins on immuni-
ty acquire special significance, The practical value of this
prodlem 1s determined by several faotors;

- first, by contamination of food products and feed by

mycotoxing and by high sensitivity br young animals, partiocu-
larly ohickens, ducklingms, turkey poults, piglets, and calves,
to the aotion of mycotoxins;

~ second, by frequent use of these young animsls for immu~-
nization and medical practice;

- third, by a prolonged (over 3} weeks) maintenance of the
immune aystem defects against the background of normalization
of physiological, biochemiocal, and cytologic parsmeters of vi-
tal aotivity after the cessation of mycotoxins sdministration
to the animals.

There is no doubt that long-term defeocts of immunologic
proteotion, ocaumed by mycotoxins raise not ouly s wedical dut
also & social problem, This problem is of particuler signifi-
cance to the developing oountries because the weakening of
immunologic control can be one of the main reasons for the in-
oreased spread ofhinfootioul, autoimmune, allergic, and oncolo-~

glo diseanes.
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Conmequently, one of the majJor requirements for an effi-
clent oontrol of the above pathological oconditions lies in
study of the immune system defects caused by myocotoxins. This
task is particularly vital for two population groups: for chil=-
dren with their high sensitivity to mycotoxine and pathogensa
and also allergens of various origins, and for aged individu-
als much susceptible to malignant diseases and chronic condi-
tiona.

At preasent, the problem of prevention and control of toxiec
effeocts of mycotoxrins, connescted first of all with human health
and environmental proteotion, is being resolved within the fra-~
mework of international organizations,

Sinoe the subjeoct of this lecture involves such vast and
independent field of science as immunology and mycotoxicology,
it seems reagonable to discuss the following issues:

" a) bdasio principles of the immune aystem functionings
b} besat studied mechanisms of the effect of mycotoxins

on various elemente of immunologic protection,

The noticn sderinitionz of immunity and basic

principles of the morpho-—functional organizstion
of the immune system ‘

The modern notion of immunity refers to the way the ofga—
nism protects itself against living bodies and subatances pos-
sessing signs of genetically foreign information. The following
can be included into the group of living bodies and substances
bearing signﬁ of foreign genome action: protozoa, microorganisms,
viruses, proteins, modified cells and tissues including cancer

cells. Thig definition is given to immunity on the bdasis of the
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"Burnet axiom™ which postulates that the central bilologiocal
mechaniam of immunity lies 1n the recognition of "itas own"
and "foreign™. Thus, the bagic function of immunological con-
trol consists in the p?oteotion of the stability of the inter-
nal medium of multicellular organisms egainst faotors belong-
ing to two basic groups,

The main group of these factors covers eometio mutations
which lead to the formation of "foreign cella" differing from
the organism'as own cells by at least the minimal genetic sign,
i.e. by one gene of histocompatibility.

The following facts prove that the m;in task of the ilmmu-
nologlc control consista in the destruotion of genetiocally fo-
relgn cells:

1) a more than 1000-fold inorease of malignani tumors fre-
quency among ohildren with congenital defecta of the immune sys-

tem ( mainly with thymus hypoplasia);

2) a sharp rise of lymphoma capes (36 times) and of reti-
culocellular sarcome cases {350 times) among patients who have
been subjected to a prolonged immunodepreasive therapy in con-
nectiion with kidney transplentation.

The second group of factors involves exogenous substances
bearing signs of genetically heterologous information.

Theps faots allow us to group together all the substances
which have signa of genetically heterologous information and
which upon entering the orgenism induce specific immunologic
reaotions. The substences of this joint group are called anti-
kens, '

There are oarpuscular {protosca, bacteria) and soluble sn-
tigena,
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It haa been irrefutably proven that not only proteins and
polypeptidea, but also complex polysaccharidea and lipopolyssac-
charides as well as high polymer forms of nucleic aclds rep-
resent soluble antigens. Ali these compounds contaln in their
structure a specific trace of operation of heterologoua geﬁoms
and poasess the necessary molecular mass value.

Antigens, irrespective of the way they enter the organism,
disturb the genetical stability of the organism’'s internal me-
dium, As & result they are attacked by immune system cells re-
cognising "its own"™ and "foreign©.

The immune system is & get of highly speclalized cells,
tissues, and organs'generalized.throughout the body; the system
exercises lmmunological control over the genetical stability
of the orgenism's internal mediur. '

The following organs form the immune system in mammals;
the'thymua, epleen, 1lymph nodes, tonails, Peyer'a paiches of
small intestine, appendix, hone marrow and in the embryoliver.
The organe of the immune system contain cells of several types:
lymphocytes, plasma celle, macrophages, and granulocytes, all
of which are called immunocompetent cells.

Lymphocytes are the main cells of the immune system. They
are responsible for the principsl manifestetions of immunclogic
reactions; ‘

- antibodies (immunoglobulina) synthesis;

- identification and elimination of heterologous cells

(allotransplant rejection),

The abofe reactions objectively reflect the existence of

two forma of immunity;

1) humoral which involves immunoglobulins generation;
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2) cellular,which is due to the activity of sensitized

lymphocytes.

The satudy of genetic defects of human immunity is of key
elgnificance in ascertaining the morpho-functional organiza-—
tion of the irmune system. For exeample, the presence of conge-—
nital agammaglobinsemia (lack of reslstance to virel and bacte-
rial infections) togethér with a complete preservation of cel-
luler forms of immunity (ability to reject transplants) proves
undoubdtedly that there are two independent ocellular populati-
ons in the immune asystem of mammals. Genetlc defects outting
off both systems of cells can be consideréd aa evidence of
thelr common origin from one predecessor.

A thorough immunogenetic analysis hes allowed & group of
immunologists - WHO experts - %o work out in 1977 a modern con-
cept of cellular histogenesis of the human immune syatem,

The polypotent hacmopeietic stem cell - HSC - 1s the ances-
tor of all cells of the immune system. This cell 1s localizeq
in the embryonic liver, while in the postnatal period, 1in the
bone marrow. The transformation of a hasmopoietic atem cell into
a lymphoid stem cell -« LSC - 1s the major stage of the immune
syster development, The lymphoid atem ¢el)l ie the common pre~-
dacessor of two lymphold cell systems: T and B lymphocytes.

T lymphocytes develop in thymus, the ocentral organ of
the impune aystem, under the influence of its epithelial oells
(EC) and humoral fasotors (TH¥) - {thywoeine and thymopoietin -
which affect T lymphocytes outside thymus too.

As & result of the T cells development, at least three ma-
ture subpopulations of T lymphocytes develop: T helpersy T ef-
fectors and T suppressors, They eirculate in blood and lymph
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and occupy peripheral organs. T cells account for 30-90% of all
lymphocytes in humen peripheral blood.

Celluler immunity reactions are ensured by T effectors.
Under the influence of antigen stimulation T effectors propa-
gate and lead to the sccumulation of a clone of sensitized lym-
phocytes - killers - responsible for the elimination of geneti~
cally heterologous cells. Other subpopulations of T'lymphooytos
- helpers and suppressors - act as regulator celluls of the im-
mune response.

Thus, excessive activation of T suppressors inhibits the
T effectors maturing, and this oan be e reason for entitumor
immunity defectiveness. In uddition, it has been found that the
process of B lymphocytes transformation into antibody producing
cells requires T helpers assistance., T suppressors exert an in-
hibitory effeot on thims process.

In mammals, B cells mature in lymphoid tissue which can be
coneldered as an analogue of bursa Febricius in birds. The exact
equivalent of bursa Fabricius haa not yet bteen found in mammals;
however, bone mafrow and lympholid tiasue mssociated with the
intestines (Peyer's patches and the appendix) may be regarded as
such an equivalent. .

From LSC, pessing the stage of predecessors, lmmature bone
marrow lymphocytes (IgWB)} develop having IgM receptors on their
surface. At later stages of maturation the lymphocytes acquire
other purface receptors: IgG, Igh and IgD.

In addition to immunoglobulin receptors, B lymphocytes ob-
tain other su}face receptors in the course of maturation:
for the C3 component of complement and for the Fc¢ fragment of

IgG.
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The mature B lymphooytes penetrate the peripheral lymphold
organa. In human peripheral blood they sccount for 20-30% of all
lymphocytes, Under the effect of antigen stimulation, the matu-
re B lymphooytes differentiate intc plesma cells producing anti-
bodies of the IgM, IgG, IgA, IgE, and IgD classes.

Thua, the T and B hopulatioua of lymphocytes differ esmen-
tially in their histogenesis stages and in funotiona in the im-
nune sysatem, '

The funotional distinctions between T and B lymphooytes
are naturally connectsd with the specificities of the biochemi-
cal structure of thelr plasmatic membranes bearing specific sete
of surface receptors and antigens.

The plasmatic mambfsnea of T lymphoscytes, ae compared with
similer structures of B cells, are characterized by essential
predominance (2-fold) of glycoproteids with N-aocetylglucosamine
and N-acetylgslactosamine, choleeterol (1.5 times), and choles-
terol esters (almost 10-fold),

The plasmolemma of T lymphocytes, as compared with B cells,
18 characterized by predominance of the following receptors:

« suscepiible to mitogens effeot; phytobmemagglutinin (PHA)
and concanavalin A (Con-A);

~ binding Marek's disease virus;

- interacting with purified protein tuberoulin (PFD).

In the oellular membranes of P lymphooytes there are much
more receptors than in the plasmatic membranc of T oellm;

~ lmmunoglobulin receptors;

- receptors for the Po fragments of fmmunoglobulins and
for the 03 component of complement;

~ receptors for pokeweed mitogen (PWM) binding.
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The plasmatic membranes of T and B lymphooytes differ not
only in the above factors but alsc in many other markers. How-
ever, the above mentioned parameters are most important for the
present subject.

When gtudying the immune response diaturbance mechenisms,
the above mentioned differences in receptorse, specificity of
antigens, and biochemical components of the membranes of T and
B lymphocytes are used for the separation and identification of
thesge cells in blood and peripheral organs.

It should be noted that a certain amount of lymphooytes
(from 10 to 20%) dc not possesa T or B cell signs; these lym-
phocytes are celled zero.cella(zaro lymphpeytes). They are con-
sildered to De fhe predecessors of cells which will complete the-
ir transformation into T or B lymphocytes.

In addition to T and B lymphooytes and plasma cells, wmac-
rophages play an important role in the immune response. Macro-
pheages bave & specific histogenesis: they originate not from
LSC but from & haemopoietic stem cell and have & commont prede-
cesesor with a granulocytic projection of haemopoiesis. Macro-
phages are also called A cells for their ability to adhere ac-
tively to glass.

Since phagocytosis and antigen catabolism provided by mac—
rophages constitute an obligatory stage in antibodies aynthesis
induction, the scheme of antibodies genesls reactions proposed
by the Internationmal of Immunologists Congress in 1977 takes
into account cooperative interaction of T and B lymphocytes and
macrophages.

Antigens with mecrophages treated are identified by T lym-
phocytes-helpers. T helpers which have bound an antigen put B
lywphocytes into antibodygenesis with the help of two signala.
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The first elgnal, which is a specific one, represents a
oomplex of IgM with the antigen; it is transported to a B lym-
phocyte by & marcophage,

The second signal, which is nonspecific, is of an unknown
nature. .

Thus -macrophages and T heipers, by atimulating transforua-
tion of B lymphocytes 1ﬁto Plaama ocells, initiate antidbody-ge-
nesis and intenegify the biosynthesis of immunoglobulins.

Another subpopulation of lymphooytes - T suppressors - in-
nibits entibodygenesis by terminating the reproduction of the
clone of plesma cells producing antibodia; which results in the
reduction of antibodies produotion.

Thus, T helpers which acoount for 60% of periphersl blood
T cells and T suppressors covering 15% of T cells, represent
the main regulators of antibodygenesis.

Antibodies synthesised by plasma cells, or immunoglobuline,
are glyooproteids pertaining to the globulina fraotiom. Antibe-
dies ocan specifically interact with antigens inducing their ap-
pearance. Due to this property, antibodies are one of the basioc
imrunity fsotors directed speoifically sgainst the genetically
heterologous substence which haa induced their appearance.

As 1% was mentioned sarlier, 5 classes of immunoglobulins
are known: IgM, Igd, IgA, IgD, and IgE. They differ in the primg-
ry struoture of polypeptide chains which form them. It is not
our aim to consider the immunoglobulins struoture in detail. The
common principles governing their struoture 1111 be only dimcus-

A moleocule of any immunoglobulin contains three fragmenta.
Two fragmenta specifically intersot with an antigen by forming
an active site of the antibody and imparting specific proper-
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ties to 1t; they are marked as antigen - binding fragments -
Pab, These fragments contaln variable segmenta of polypeptide
chains. The third immunoglobulin fragment is responsible for
properties common to all antibodies of a given class: fixation
on lymphoid, phagocytizing, and other cells, the binding of
complement components, This fragment ia marked as constant {(Pe)
and 1t contains constant segments of polypeptide chains.

Antibodiens circulate in blood and other bilological fluids.
The baelc volume of serum antibodies is represented by IgG -
70-80%4, Igh - 10 =154, and Ig¥ - 5-10%. There is & rather small
quantlty of ilumuncglobuling of class D and especially of claas
E - about 0,01%; '

The protective action ¢of perum immupoglobulins egeinat an-
tigens induoing thelir appearance ia manifested in their ppeci-
fic interaction with the antigens. The binding reaction of an-
tibodles with antigens resulte in the formation of large aggre-
gates which are omlled immune complexesa. The formation of spe-
oifioc antigen-antibody complexes 1as aimed at the elimination of
genetically heterologous ageants and can manifest itaelf in se-
veral basic phenomensa,

The precipitation phenomenon represents the enlargement
(eggregation) and pedimentation of soluble antigens under the
influence of antibodies.

The opsonigation phenomenon is characterized by the streng-
thening of phagocytic ectivity of neutrophils and macrophages
in relation to corpuscular and soluble antigens under the effect
of specific immunoglobulins.

The agglutinetion phenomenon consists in the egglutination
of suspended corpuscular {bacteriel) antigens under the influen-

ce of specific antibodies.
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Pinally, the lysis phenomenon invplves the diasolving of

sorpuscular antigens under the effect of specific entibodiesn
in the presence of complement. As the complement system has
been already mentioned several times, it is necessary to cha-
racterize 1t brlefly.

The complement sys%gm conaistis of 9 protein components
which in their turn may be divided into 11 independent prote-
ins. Some complement components sﬁoh a8 C1 and C) are characte-
rized by enzymatic activity -~ ealesrase and peptidase activity,
reapectively. Complement i1s found in serum of all maumals &and
its production does not represent a reaction to antigen injec-
tion. The activation of the complement components has the cha-
racter of s cascade bioohemioal reaction and can be stimulated
not only by immune complex but alse without any help of anti-
gena or antibodies. Active complement components, especially C3b
C5+064CT, and €8+4C9, induce a number of Aifferent effects; chan-—
ges in blood coagulation, vescular permeability impairment, en-
hancement of phagocytosis, oytolysis. That 1s why the comple-~
ment system ocoupies an intermedimte position, it is referred
both to the faotors of nonspecifioc protection and to those par—
ticlpeting in specific immunologic reactiona.

After antigen-antibody reaction the Foc fragment of the im-
mune complex interacts with the receptor zone of the C1 comple-
ment component, motivising it. Activated C8 and C9- components
of complement fix on the surface of the corpuscular antigen in-
ducing tha lysis of the cell.

Thus, the immune control function, manifested in celluler
and humoral immunity reactions, requires & coordinated pertici-
pation of several links of the immune system,
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Inmunity disturbances or 1mmu§odafioienoy atates develop
mainly as & result of:

1) the blocade of the maturation of T and B lymphooytes

2) defects of regulating cells; T helpers and suppressors
and A cells.

In addition to these factors, dsfects in the complement
system result in the weakening of protective bhenomena of immu-
ne complexes.

To evaluate functional ability of the inmune syatem and to
identify pathologioal changes in its work, multiple laboratory
immunclogic study methods are used. In the pregent lacture the
immmnologic methods used in studies of the effect of mycotoxins
on the Jmmunity reaction will be characterized.

Agaegsment of humoral immunity(B syste

1. The study of anibodygenesis. For this purpose animals
are actively immuniced by different antigens - ram erythrooy-
tes, polysaccharide antigens of different origin, diphtherial
and tetenic anatoxins, various vyaccines. For a quantitative ana-
lysis of antibodies, the agglutination and precipitation pheno-
mena are applied. .

2. Biopsy of the lymph nodes, spleen, bone marrow. This
procedure is performed for a histological identification of
plasmatic (antibody-producing) cells and for the analysis of
the structure of the lymphoid follicles.

3. Determination of the immunoglobulins level. Both total
1mmunoglobu11ﬁ concentration and the amounts of irmunoglobulins
of different classes are identified. In the firat case the sal-
ting ouf of gross immunoglobulins by zinc sulphate followed by

electrophoresis or immunoelectrophoresis is performed. The Man-
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oini method of radial immuncdiffusion is moast frequently used

for the determination of the mmounts of immunoglobulins of Aif-
ferent classes (IgM, IgG, lgA). The content of IgE is determi-
ned by the radioimmunclogic method.

4. Determination of B lymphooytese. In view of the fact
that B lymphocytes contain immunoglobulin receptofa. the EKune
immunofluorescence method with the use of entiglobulin sers cen
be of help in  finding the whole amount of B lymphocytes.

The presence of receptora to complement on B lymphooytes
enables the determination of the number of complement romet—
tes (BAC); thease lymphooytea form roseties with ram erythrocytes
bearing on its surface the antibody/complement complex.

5. Evaluation of the functional activity of B lymphoocytes.
Thies analysis ﬁecomes possible due éﬁ the fact that several mi-~
togens, e.g. pokeweed mitogen (FPWM) and antigen-bacterial 1i-
popolysaccharides indu¢e polyclonal stimulation of B lymphocy-
tens. The lymprocytes subject to the.erfect of mitogen or anti-
gon {originally or afier sensitization) respond in blast trans=-
formetion resction. They increase in size and are characterized
by & more intense synthesis of nucleic acids and proteina and
by the appearance of mitomes. Quantitative eveluation of the
tlast-transformation teest ig done by the amount of 3H-1abelled
thymidine in the lymphocytes.

Aggesement_of cellular immunity(T aystem)

1. Determination of T lymphocytes. The amount of T lympho-
oytes is determined by the method of spontaneous rosette forma-
tion. Formation qf rosettea of lymphooyies with ram erythrocy-
tes 18 alro possible without preliminary immunization of ani-
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mals with rem erythrocytes. In such cases the number of roaset-
te forming cells ia proportional to that of T lymphoecytes.

2, Asmesgment of the functional aotivity of T lymphocytes.
To agsense the functional ability of T cella, the blast trsasnsfor—
mation test is performed. In this case T lymphooyte specific
mlitogens ~ phytohaemagglutinina (PHA), concanavilin A (Con-A)-
or antigens - tuberculin, purified protein tuberculin prepars-
tion (PPD), pathogens of parotiditis and Marek's disease - are
selected., Quantitative monitoring of the T lymphocytes blagt -trans—
formation ‘test is performed by the level of traced nucleotl-
des inocluded in oells.

Besides the above mentioned tests used to evaluate the
effect of mycotoxine on immuniiy reactions, the methoda of de-
termining the aotivity of the ¢omplement end marcophagal ays-
tems are also applied, The amount of complement 1s evaluated by
haemolysis of 50% of antibody-seneitized erythrocytes, while
the abmorptive capacity of wmarcophages — by phagocytoseis in op-
ponized erythrooytes and by the time of blood flow purification
(clearsnce) from heterclogous substances (colloid carbon or irom)
Besides, investigators broadly use integrated indices of the im-
mune gystem state manifested in the resistance changea in the
animal organisms towards infectious pathogens unher the effeot
of mycotoxina.

Such 18 the basic outline of the organization, functioning,

snd study of the immune asystem of the organism.
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THE EFFECT OF MYCOTOXINS ON TMMUNITY

Study of the effect of mycotoxine on immunologicai proce-
soes has been started comparatively recently - at the end-of
the 60-ies - and conducted or a limited number of mycotoxins.
The greatesst number of studies has been performed in respect to
aflatoxins, to be wore precise, in respect to aflatoxin B, which
biologioally is the moat active representative of four main af-
latoxing (B,, B,, G, and G,). Awong other mycotoxing, ochratoxin
A, rubratoxin A, T2 toxin, sterigmatocystin, stachybotritoxin,
trichothecin and cytocholasin B have investigated.

It seems reasonable to consider the mycotoxin - induced
impairment of immunclogic reactions separatdy for cellular and
humoral immunity because these two forms of immunity are dus
to the existence of two aeparate populationa of major lmmuno-

competent cells: T end B lymphocytes.
The effect of mycotoxins on humoral immunity

One of the firat studies in this field was conducted by
Eh.L. Galikeev et al, in 1968, The authors have demonatrated
that a j days' subcutaneous injection of aflatoxin sharply re-
duced the titre of agglutinating antibodies in mice immunized
with typhoid vaccine, In addition to this, more then a 50% dec-
reage of plasmstic cells in the spleen and lymph nodes was c©b-
served. The above facts taken together permitted the authors to
* agsume the aflatoxin-induced inhibition of the eynthesis of
antibodies, '

Somewhat later Thaxton J.P, (1971, 1974) also observed the
phenomenon of aflatoxin B1-induced inhibition of antibodygenesis
Any dose of aflatoxin from 0.625 mg/g to 10 uwg/g given tb broi~
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lers reasulted in a reliable reduction of the titre of haemag- '
glutinine forwing in the course of broilers immunization with
ram erythrocytes. The degree of antibodies titre reduction de-
pended on aflatoxin‘doae and feeding duration.

In the_above mentioned works as well as in a study carried
out by Pler A.C. et al. (1972) it waz also found that the cent-
rel organs of the immune system of -turkey poults and chicken -
the thywus and bursa Fabriciuas - lost weight under aflatoxin
B, effeot. The loss of weight of the thymus was wore than 60%
and that of burga Pabricius - about 25%.

Other mycotoxins induna various effects on the humoral im-
mune response {Riochard J. et al., 1975, 1978). Thus, under the
influence of 2-4 mg/kg of trichothecin and stachybotritoxin in-
Jected 1ntrépe£itoneally in wice before rem erythrocytes immuni-
zation, the titre of haemagglutinins decreased, At the same ti-
me ochratoxin fed to quinea pigs in a dease of 0.45 mg/day dur-
ing 4 weeks caused no inhibition of tﬁe jmwune response against
entigens of brucelloais pathogena,

Thus, on the one hand, mycotoxins exert an immunodepressive
effect on the humoral immune response, however, on the other
hend, the influence of mycotoxins on immmnity reactions turned
out to be more complex than & simple inhibition of antibodygene-

als.

The specific foature; of the effect of mycotoxins on the
immune system manifeated themselves in the following. In a seri-
es of studies carried out by Pler A.C. et al. (1970, 1972), the
action of aflatoxin on the resistance of turkey poults and chi-
~ c¢ken Immunized against a virulent strain of the fowl cholera
pathogens Pasteurella sultovida has been investigated. Aflato-
1in was given to poultry with food in a dose, of 0.25-0.5 mg/kg
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in the course of 3 weeks.

It was found that aflatoxin caused similar disturbences
of resistance to cholers pathogens both in turkey poulis sen~
sitive to the toxin mnd in chicken which were relatilvely re-
sistant to 1it. -

Impairment of resistance to_P. multooida in turkey poults
and chicken manifested itself in high death rate whaich reached
20-67% within 3-10 days after the challenging injestion of e
bacteria. At the same time injection of a challenging <dose tc
aflafoxin-froo immuniged animals waa not characterized by
lethal outcomes.

The weakening of poultry rqaistanoo to cholers pathogeﬁs
was accompanied with a manifested decrease of the general blood
protein level and by almost a 50% reduction of the contents of
albumine and o and P globulins. However, the level of F globu-
lins and, what is particularly important, the titre ofvagglu-
tinin; remainad unchanged, Thus, the immunity impairment in
turkey poults and chicken in respect to P, multocide was ac-
companied with the _&t_a\;elopment of bypo— a.nd ﬂisbfotéinaemia;how

ever, in this case the process of antibodygenesis was not dis-
turbed. '

In further investigations it was found that ;rlatoxin ad-
mixture to poultry food (for turkey poults end chicken) in a
concentration of 0.25-0.5 mg/kg reduced their resistance not
., only to cholera pathogens but also to other infectious patho-
gens, such as Salmonelle spp. (Smith C.A., 1969; Boonchuvit B.,
1975), yeast flora- Candida slbicans (Hamilton P,B. et al.,
1971), Newcastle disease viruses (Pier A.C., 1973), and elso

to Marek's dimemse viruses and deap mycoses caused by cocci-

dia Eimeria tenella (Edds G.T et al., 1973), Pier A.C. and
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Heddleston XK.L. (1970) established that the effect of aflato-
xin on immunity is reversible. .

The addition of aflatoxin $o poultry food simultaneously
with immunization or after it leade to the reducticn of the
resistance of turkey poults and ohicken £o cholera pathogens,
When poultry immunization was carried out after termination of

" aflatoxin feeding, no impalrment of resistance to cholera pa-
thogens was developed.

On the basis of the results of these experimenta the auth-
ors suggest that afletoxin B1 does not simply wesken poultry
imounity but impaeirs the very process of the immune response in-
duotion. The impairment requires aflatoxin preasence in the or-
genipm in the period of 1te antigenic stimulation.

Out of other mycotoxins, T2 toxin fed to chicken in a doee
of 16}”5/3 ag food admixture inhibited resistence of chiocken to
various Salmonella specles induoing chicken paratypheld. Rub-

ratoxin, howover,.did not impair the resistence of turkey poults
to the fowl cholera pathogens (Richard J, et al., 1978).

Ambiguous antibodygenesis changes under the effect of myoo-
toxins aguinet the background of a manifested weakening of po-
ultry resistance to cholera pathogens represented a sharr con-
trast with the earlier described facts of antidodygenesis in-
hibition in mice and chiokeh.'

To make a mors careful analysis, a group of research -s he-
aded by Pier A.C, (1972) carried out & new sxperiment.

The basio group of turkey poulis, like it was done earlii-~
er, rocoiv;d the same doasss of aflatoxin with food and was im-
munized against P. muitocida., Three other groupi of poultry
rece.ved additionaly: ‘

1) normel mature turkey plesma;
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2) immune plasma‘ against cholers pathogens;

3) immune cells (mixture composed of peritoneal mecro-
phages - 1/3 and leukocytes - 2/3). '

The introduction of the challenging dose of cholara fatho-,
gena to poultry has confirmed a good reproducibility of the
lowering of the resistance of turkey poults receiving aflato-~
xin, The death-rate in the group conmtituted 26%.

Inmune plasme introduction to poultry up to resolution has
reliably restored their tolerance which waa confirmed by the
absence of lethal outcomes.

Intact birds pleame hes also demonstrated good protection
properties while the mixture of immune cells (macrophages and
leukocytes) has demonstrated a rather weak protective action,

The determination of agglutinating antibodies in serum
fractions separated by ultracentrifuging in sucrose denaity
gradient hag shown that the meximum content of sgglutinics was
in the 95, 125, and 195 fractlons; however, no great differen—
ce between aflatoxin recipients and control enimals has been
ocbserved.

The cited data attract our attention to the fact that hu-~
morel factors of normal plasma participating in the develop-
ment of infection Immunity have pronounced protective properti-
es and restore the lmpaired resistance.

Thege humoral factors localized in o - and § globulin se-
rum fractions most susceptible to aflatoxin damage fnclude the
complement system components.

The neture of the activity changes of complement and main
protein fractions of serum under the influence of aflatoxin and

immunizetion has been elucidated 1n experiments by Thurston J.
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and his coileagues {1972, 1974) performed on guinea piga.

The animals were imtunized against brucellosis pathogens-
Brucells aborius - and received daily 0.05 mg of aflatoxin B,
during 3 weeks.

A week later a noticable reduction (exceeding 30%} of the
complement tiire and a simultaneous reliable decrease of the
content of the AL, and B globulin fractions were observed. After
two weeks the changes of these parameters became even more pro-
nounced &nd were accompanied with a relisble reductlon of the
amount of the 051 globulin fraction,

The content of albumins end fglobulins during this period
wag practicelly unchanged.

The investigators explain a severe inhibition of the comp-
lement (more then two-fold by the end of. the ascond week) by a
typical picture of liver damage by aflatoxin, the former being
reaponsiﬁle for the synthesis of major volumes of £ andﬂ glo—~
bulins.

Three weeks after aflatoxin introduction, & more. than
50% decline of the levels of¢[1 , "62 , and Aglobuling and a
noticeable growth of}’globulin content and complement activity
were observed, However, despite an increase of r globulinm le-
vel, the titre of agglutinins against B, abortus was practi-
cally the same.

Thuas, aflatoxin B1 induces &8 menifested reliadble deorsase
of the content of the of end ﬁ globtulin seruwm fractions in
poultry (turkey poults and chicken) and in mamals(guines pigs).
This fact is accompanied ii't:h_—;ﬁfﬁ_c':;i m—c;—u—rauo?—an;t;ﬁn-in-
_duced hystopatbologiosl damage of the liver and with the absence
of change in antidodygenesnis.

"At the same time & considerable inhibition of the comple-
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ment system activity was found in gulnea pige recelving afla-
toxin.

In similar experimenis performed with rubratoxin (6 mg/day)
and sterigmatocystin (4.2 wg/day) fed to guines pigs during 3
weekg, s decreased activity of complement was observed, wainly
due to a diminished content of the C4 and C9 components {Rich-
ard J. et al., 1978). The addition of 0.45 mg/day of ochratoxin
and T2 toxin and of 4 mg/day of rubratoxin to the food of gui-
nea pigs during 3 weeks did not Induce inhibition of the comple-
ment activity.

Besides the above‘mentioned facts of the effect of mycoto-
xins on humoral immunity reactioma, Richard J. et al. (1975,
1978) report phagocytosis changes induced by mycotoxins. Thus,
aflatoxin introduced into chicken diet in & dose of 0,625-5.0
JVg/g during 3 weeks inhibited the phagocytosis of colloeid carboen
introduced intravenously in poultry. Inhibited phagocytosis by
alveolar macrophages of rabbits receiving aflatoxin in a dose
of 0.03-0.09 mg/day during 2 weeks was also noted. Another myco-
toxin, eytocholasin B, in & dose of 0.5- 5.0/“5 inhibited Staphy-
lococcus aureus phagocytosie by rabbit alveolar macrophages and
humen baaophile.l

The investigators msgume that inhibition of the complement
activity considerably facilitating all phegocytosis stages can
be & possible cause of phagocytosis impairment.

In addition to the above mentioned facta of the effect of

- mycotoxins on huroral immunity in vivo, some in vitro data on

the effect of aflatoxin on immunocompetent cells have been ob-
tained rather recently.
Thus, Paul P.5. et al. (1977) have found that aflatorin B,

A
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inhibit the stimulation of peripheral lymphoocytes induced by
pokewsed mitogen (PWM). '

The degree of lymphocyte stimulation was mssessed by the
intensity of tritium-labelled thymidine abaorption by the cul-
ture of lymphocytes 1solated Irom bovine blood.

The addition of aflatoxin in a 10-20 mg/ml oconcentration
to the culture of peripheral lywmphocyteg has induced more than
& two-fold inhibition of R thymidine ebsorption. At the ssme
time the viability of the cells remained practically unchanged.

We pointed out earlier that membrane receptors for poke-
weed mitogen axre typioal both of T and of B cells tut mainly
of B lymphoc¢ytes. Consequently, the inhibition of the differen-
tiation of B lymphocytes indicetes the depression of the humo~
ral compcnent of the immune system in mammala.

Having discussed published experimental datea on mycotoxin
effect on humoral iimunity in vivq eand in vitro, 1t seems rea-
sonable to study'the effect of mycotoxins on cellular immunity

reactionas,

The effect of mycotoxing on cellular immunity

Ag it was mentioned earlier, the reduction of weight of
the central organs of the immune system - the thymus and bursa
Fabricius - when birds aré fed with aflatoxin, is not the same
in different animals, The thymus involutior in turkey pc.lts is
manifested much stronger and constitutes more than 60% of the
organ's mass,

Savol H. et al. found in 1970 that aflatoxin in vitroc in-
bibits the transformation of human peripheral lywphooytes indu-
ceda by & non-specific mitogen - phytohaemagglutinin (PHA) and
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by specific entigens: PPD (purified protein - free tuberoulin)
and parotiditis pathogen.

4 concentration of 5 mg/ml of aflatoxin caused & 54%“;nh1—
bition of labelled thymidine absorption by the oulture of lym-
phooytes stimulated by phytohaemegglutinin. A concentration of
50 mg/ml of aflatoxin induced & 62% inhibition of labelled thy-
midine absorption by the culture of lymphocytes siimulated by
specific antigens - PPD and perotiditis pathogen - in patients
with positive sensitivity to tuberculin end parotiditis patho-
gen,

It 1is important to note that the inhibiting action of afla-~
toxin became epparent only after 20 hra of its incubation with
the lymphocytes culiure. When the incubation pericd was shorter,
the inhibitory effeot of the aflatoxin was reversible and could
be interrupted by the washing off of lymphocytes with an iscla-
tion medium.

Paul R.S. et sl. (1977) have alao demonstrated the immuno-~
depresgive action of aflatoxin in vitro on & lymphocytes cul-
ture. Lymphocytes were isolated from cattle blood and atimule-
ted by non-specific phytomitogens - phytohaemagglutinin, con-
canavelin A (Con-A), pokeweed mitogen and a specific antigen -
PFD, '

Aflatoxin in a dose of 10-20 mg/ml induces & 50% inhibiti-
on of labelled thymidine absorption by lymphocytes stimuleted by
three non-specific phytomitogens: PHA, Con-A, PWM. Peripheral
bovine lymphocytes infected by cattle T3 pathogens - liycobacte-
fium bovis - were stimulated by PPD. These lymphocytes display-
ed a 507 inhibition of labelled thymidine absorption under the
action of eflatoxin in a concentretion of 0.5 mg/ml. The viabi-
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lity of lymphocytes in the culture was practically unchanged
at sflatoxin B, concentration of 50 mg/uwl.

It ig to be taken into account that membrane receptors for
phytohaenngglutinin, concenavalin A, end TPPU are pecullar to
T lymphocytes while receptors for pokeweed mitogen - to T and
B celle.

Inhibition of cellular immunity reactions was obaerved by
Rickard J. et al. (1975 1978) after the introduction of stachy-
botritoxin to guilnea pigs before BCG immunization. The enimals
which had received mycotoxin produced no positive skin test
reactions to a later intracutaneoua tuberculin injection.

It ia thus evident that mycotoxins inhibit cellular and
humoral immunity wanifestations in man and mammala,

The effect of the iumunodepresaive.action of mycotoxine
dependa on the dose, intake duration, and speclea of animalsa.

It should be noted that the peculiarities of the inhibiti-
on of immunological reactions by mycotoxins exemplified by afla~
toxin B1 are greatly determined by the blochemical mechanism
of ites action on cells and may be explicitly acccunted for by
the following characteristics:

1).The process of the damage of lysosome membranes by afla-
toxin and a further release of sotivated hydrolases can activa-
te the splitting of antigen end antibody macrowolecules which
results in inhibition of the immune responss.

. In thiz regpect it should be noted that high doses of af-
latoxin may cause inhibition of the RES function which provides
for the preliminary treatment of the antigen (Mochael G.J. et
al., 1973).

,2) The interaction of aflatoxin or its metabolites with
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DNA impairs DNA matrix properties and prévents DNA replication,
RNA tranacription, and protein syntheaias.

This impairment results in the inhibition of the diffe-
rentiation of T and B lymphocytes and in the suppresgion of
the synthesis gpecific immunoglobulins.

3) It is important to stress that the reversibility of
the aflatoxin B1 effect on cellular and humorel immunity cor-
relates well with the phenomenon ¢f reversible inhibition of
DNA and RNA synthesis by aflatoxin.

Such impairment of the metabolism of nucleic acids under
the sction of mycotoxins noy serve as e basis for mutations end
malignant cellular transformaticns.

Burnet.F.M. (1971) Thaes experimentally demonstrated that
animals in an immunodeficient state are more gensitive to car-
cinogenic effects., In this connection the Ilmmunocdepressive pro-
perties of mycotoxins may explain, however partially, an ext—
remely hkgh level of their carcinogeneity gince the main goal
of the immunologiecal control 1s the destruciion of genetical-~
1y heterologous cells including cancer cells.

Thus, mycotoxins, and particularly aflatoxins, in fodder
and food products present a threai to the lmmunity system of
man and 1ivestock, The immuncodepressive effect of'mycotoxins
raiges the gengitivity of the organism to viral end bacterial
infections and also to malignant degeneration of cells.

Thua, the investigation of the many-sided effect of myco-
toxins on the organism of animals and human health, Including
immunity changes, represents a significant socisl and medical
tagk. The fulfilment of this task connected with the improve-

ment of the cere of public health and environment conirol re-

quires continuous efforts and cooperation within the frace-



| ~26a
work of the sclentifio communities of international organiza-

tions.
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