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MORPHOLOGICAL, METHODS IN THE STUDY OF MYCOTOXINS

1.4, Moxosov

Morphologlcal methods of research are capable of resclv=
ing independent tasks, nevertheless more often than not, they
are applied jointly with other (functional) methods. Morpho-—
functional methods of research allow for a fuller, dseper and
more perfect study at all levels of structural organization
of intricate bilologicel systems—cella, tissuea, organs of
animal and map, both normal and pathologic. These methods in-
clude light and electron (transmission and scanning) microsco-
pY, light and electron histochemistry (qalitative and quanti-
tative), immunohistochemical, ultraviclet, luminiscent micro-
Boopy, light and eleoctron autoradiography, the method of Y-ray~
structural analysls, the method of stereologioal analysis of
wltrastructures, etc., All these methods are widely applied to
aclentific ptudles and to practical pathological anatomy.

The more recent methods of morphological studles have
made it possible to consider structural and functional dls-
orders in thelr unbreakable dlalsctical unity, opened up tl;e
ways towards a more varied and subtle understanding of living
matter. There is & trend towards an Integrated application of
methoda mutually complementing and broadening the possibility
of understanding the observed phenocmena, We should firat of
all note the integrated application of electron mieroscopic

- studies, morphological anslysis of ultrastructures, histoche~

mistry and autoradlography which offer an idea about the three
fundamental parameters of the intracelluler processs 1ts lo~
calization, nature and intemslty, 1l.e, its dynamics. Integrat—
ed application of methods opened up a wlde prospect of matew
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rialization of funotions, determined the trend of modern medi-
cine towards the wmmderstanding of normal and pathological pro-
cesses as & structural-functional entity.

A1l methods of morphological analysis without exception
are appliocable to the study of mycotoxin action upon an animal
organism, In this lecture, we shall not disouss specific re—
sulss of morphological studles involving the action of warlous
mycotoxing on an organism, We shall merely demonstrate the pos-
gibilities of individual methods and the necesslty of thelr
application for resolving tasks of mycotox!.cology‘..

Netwithstanding the fact that 1ight microscopy is in many
ways inferior to electron microscopy, it has not lost its im—
portance for the study of the orgenotropic influence of myoco—
toxins and Tor the determination of their tissue specific ac=
tion. The method of light microscopy is a sine qua non of mor-
phological resesrch in mycotoxicesis specifically when the
origin of the mycotoxin i{s tmknown.

An overall atudy of organs and systems in experimental
nyocotoxicosis makes 1t pﬁssi‘blo to determine target—organs
which are partioularly subject to the action of toxin, This
includes the determination not only of organotropy but the
character of pathology. True, this calls for the applicatlon
of eggravated doses of the toxin (Ibg,), which are incompar—
able with those received by the organism when ingesting pro~
ducts affected by microscopic fungi.

»
Bpecific methods of process oxperimental materisl may be
fouga in nmerous hmugzoks ptggi.ahed in a nomber of langua=—

gos.
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The nature of the pathology in those inatances might also
be at variance. It cen be identified using small doses of the
toxin during the subacute course of toxicosis.

Being aware of the target—orgsns, whlch are aspecifically
damaged by the studled mycotoxin it is posseible to uandertske
a functional study making use of a varliety of histochemical
methods. Light—optical histochemistry makes it possible to
1dentify the localization and activity of enzymatic systems of
organs and tissues. The histochemical identification of enzy-~
mes 18 based on their specific action upon substrates result-—
ing in an $nsoluble product. If the latter 1s colourless then
additional stalning ie used, Most widely used in histochemist-
ry are the methods of identification of the activity of oxido-
reductases, transferases and hydrolases,

More than eighty lkmown enzymes belong to oxidoreductases
which act as catalysts for oxldation-reduotlon reactions. Re—
liable methods have been elaborated for the determination of
the activity of such engymes as lactatedehydrogenass, glucome-
6=phosphatedehydrogenase, &-phosphogluconatdehydrogenase and
many others, Partioularly important emong the enzymes which
aot upon the CH-CHB-group of donors 1s succlnate dehydrogenase
and several adequate methode have been elaborated for its
identification. There are reliable techniques for the identi~
fication of the enzyme which act upon the OH-N‘H2-group of do-
nors (monocaminoxilase), oxidoreductases which act upon the
C=NH-group of donors {tetrahydropholate-debydrogenase and 4i-
hydropholatedehydrogenase), oxidorednctase which acts upon

& the groups of hemodunor (cytochromoxidase), and also oxidore-
ductases which are applied as the acceptor of hydrogen pero=

I-2
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xide (peroxidase and catalase),

Most frequently identified enzymes aucng traneferases are
those which carry phosphocontaining groups (various ATP-ases).
Besldes thesce, there are reliable techniques for the 1dentifi~
cation of acetyltransferases (cholineacetyltransferases) and
transferases which transfer O-residuea {acetyl-serotonintkcans—
ferase),

Investigators engage rather frequently in the study of
the activity of hydrolases, such as acild phosphotase, alkali
phosphotase, acetyl-cholinesterase, ﬁ -galactonidase, entero-
kinase,

As & rule, the method of identification of activity end
localization of a definite enzyme has several modifications
the application of which depends upon the specific tasks fae-
ing the investigator,

Radiography 1s acquiring increasing importence in medico-
blological studlesa, It combines the fundamentals of physical,
biochemical and morphological analysis. Unlike the physical
mothod of registration of rediactive emission autoradiography
i1s highly sensitive since it gives the possibiiity of record-
ing such anounts of radloactive substances in tissues which
are not determined by dosimetry. Besides, autoradiography
makes it possible to accurately localize sites with higher or
smaller accumulation of radicactive compoumds, regulate the
intensity of radicactivity in cells and intercellular areas.

The distribution of radiesactive compounde which arrive
into the tissues of en organiem in identifiable volumes is
not random but reflects the peculiarities of their metabolimm

in every tissue,
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Thia mbthod is based on the ability of photegraphic mate-
rial (films, photoemulsions) to record radioactive emiaeion_
coning from the biologicel sample., This is attained by the
contact of the histological section containing a rediosctive
substance with a highly sensitive photoemulsion. The emission
energy acting wpon the silver bromide of photoemulsion reduces
it and follewing sn appropriate photographic procesaing the
mstalic silver becomes vielble in a microscope., The smount of
reduced sections of silver bromide givea an 1dea about the ra-
diation effect in cells, tissues and organs,

Hence it becomes evident that autoradiography may be used
in mycotoxicology for two objectives, Pirstly, using 3H or 140
labelled mycotoxins 1t is possible to reliably identify the
target¥organs. The dose of the toxin may be very low, practi-
cally without inducing clinical manifestations of the toxiec ac—
tion, It is, however necessary to use labelled myootoxins with
& high speocifle radicactivity. Becondly, making use of the
3H—th;ymidine which ig active in the synthesis of nucleasr DNA
1t 1s possible to study the influence of mycotoxins upon the
physiological renovatlon of tissues in the organism, Besides,
making use of other precursors of the synthesis (BE-uridine,
3H-em1noacids, 3H—glucosa), it 1o possible to investigate the
intensity of =such processes as the synthesis of RNA, protein
and polysaccharides and algpo the influence of mycotoxins upon
these processes.

At the ssme time a reservation has to be made that we
have not found in the world literature such morphological stu-
dies in which sutoradiography could be applied for the above
mentioned objectives, We can only hope that this precise and

L-3
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modern method wlll find ite followefs smong investigators en—
gaged in the study of biclogical action of mycotoxing,

The interpretation of autoradiocgraphlc data calls for a
quantitative conaideration of the inclusion of radicactive sub-
etances into blological structures. A measure of this evalua-
tiun is the number of grains of reduced silver of the photo~
_emtlsion produced as a result of the action of ﬂ-partioles
of the radloactive compound, It has been experimentally deter—
mined that the number of grains of reduced sgilver i1s proportio-—
nal to the number of JS-particles which passed through the
emilsions.

®o obtain comparable results all procedures assocliated
with the experiment, the conditions of making histopreparations
snd antegraphs should be the seme, The counting of silver
grains nmay be carried out visually or antomaticalily., Though
the latter technique is more progressive, the majority of in-
vastigators prefer the visusl comnt of grains. This is due to
the complexity of the recording systems and the need of count-
ing amall ocbjeots of differing size and shape.

Iy the recent 10-15 years, owlng to the conslderadble im—
provement of instrument-making, electron microgcopjhaa taken
& leading place among morphologlcal techniéues. It wap firat
believed that electron mlcroscopy has butl supplemented the
range of morphological methods having Joined the classical
methods ag & new and highly veluable method but Just as the
latter still being specifically desoriptive., It i3 quite un-
derstandable snd natural that in the opening years of elect-
ron miorescopy investigators were carried away as if hypnotiee
ol by the extraordinary vision of most intricate intracellu=-
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lar architectures and 1ts various changen under different ac-
tions. It 1s likewlse natural that the description of these
ultrastructural changses was aocompanied by some or other hy-
pothetiocal oonsiderations regarding thelr physiological impor-
tanoe,

At present, the atage of “pure™ electron micrescopy ie
practically over since it is no longer satisfying those inves-
tigators who are eager not only to see some or other most

subtle intracellular developments but wish te have precise

" rather than hypothetical ideas sbout their phyelological mean—

ing.

Numervus ptudies which weres carried out alongeide with
blologicel and functional methods have helped to determine
rather definltively the functional importance o£ varlous sub-
microscopie changes in intracellular organelles, As a rule,
these chengem are not specifically oriented. A speolfic ree-
ponse may be shaped by different combinations of damages done
to the ultrastructure of =zn organsalle and the intensity of
menifeptation of pathologlesn.

Ohanges of the nucleus are manifested in pycnosis, va=—
ounolization or karyolization, However, such processes consti-
tute an extreme response to & pathological action, Primary
reactions of cell nucleil in case of subliminal doses of myco-
toxins (or some other dsmaging agents) consist in the altera-
tion of the nucleus shape which becomes more roumled, in the
olarificat;on.or the karyoplasm, ocondensatlon of heterochre-
metin into puffs and in marginal localigation of heterochro—
matin close to the nuclear membrane. Then ocomes the vacuoli-—

zation of the central part of the nucleus, The DNA threads

1-4
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‘whlch form hetervchromatin become denser and are sharply baso-
philic. This process terminates on the disappearance of the
nucleus sc that only several amsll puffs of chromatin remain
in its place,

The changes of the ultrastructure of the nuclear emvelope
are rolated to the pathology of a nucleus but conditionally
since it represents a perinuclear sack associated with a s;vaf-
tem of the endoplasmatic network, The nuclear membrane by its
responses to a pathological action belongs te this ayatem’, The
two membrane leaflets which form the membrane may become mors
¢istant cne from another or can get closer which leads to the
alteration of the volume of the perinuclear space,

Changes in the surface of the cell cen be recorded by a
scanning electron microscope, However, this relates but te
bleod cells., Bomatic cells which are incorparated as elements
of tissues and organs practically do not alter thelr shape in
case of subliminal influences, At the same time, one has to
take into consideration that the cellolar membrane performs an
extremely important function, the transport of lons end small
molecules of nutrients, Hence the necessity of studying the
state of the plasmatic membrene and 1ts responses under the
sotion of different damaging factors, inoluding mycotoxins,
This task cannot be resolved by means of routine tranamission
electron microscopy. At the same time there is the method of
electron microscople tracers which helps to Judge indireotly
the state of permeability of the cell membrane. It hae been
¥e11ably determined that any agent acting upon the cell can-
not evoke profound changes in the oytoplasm without altering
at the seme time the cell membrane. These changes represented
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by different Qismeter pores can be deveoted by introducing
into intercsllular (or extracellular) space such electron
dense tracers as peroxidase (particle size 5-8 nN), ferritin
{particle size 10-12 nM) or colleid lactan (particle size 2 nM).
The penetration of these tracers into the intracellular medi-
um gives an 1dea about the slze of pores which have been form-
od as & result of the damaging action since normally these
tracers do not penetrate the cytoplasm.

Many studlea have been devoted to the pathologicsl chan-—
ges of the mitochondrial spparstus of cells. This is due to
the fact that mitochondria have been known for & loag time,
they can even be observed in a light microascope and they are
rather resistant to a varlety of influences during the techno-
logical processing of tissues.

Pathological changes of the mitochondriasl apparatus may
relate to the emtire population of mitochondria in a cell
and also to indiv¥idual changes of separate mitochondria  The
changes of the population of mitochondria may relate to their
number (the density of the chondrion] and localization, Every
type of cells ls characteristic of its definite number of mi-
toohondria. ., Thues the number of mitochondria in parletal
cells of the stomech which secrete hydrochloric acid, in the
colls of the myocardium and in the striated muscular fibers
is quite great but it is very low in the lymphocytes. When
analyzing the number of mitochondria one should consider
the ratio of their number to the overall amount of the cellu-
lar substance rather than thelr absolute number in a cell, A
number of physeiological conditions rather than pathological

influences by themselves act upon the number of mitochondria ,

I-5
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Thus there are 189.,10% mitochondria 1n mouse 1iver cells; fol-
lowing starvation for 24 hours this number reaches ‘1‘5"7.106 and
following 48 hour starvation - 35.1(;0. More durable gtarva-
ticn resulte in a decrease in the number of mitochondria in
8 cell (it ia 210.10° following 72 hours), There are nc doubts
that toxle influences upon sn oyrganiam will result in more
pronounced shifts in the number of mitochondrial population,

The alteration of the localization of mitochondria In
a oell tekes place alac in physiological ¢conditions, Thus it
was determined by mesns of nicrofilming in a phase contrast
that the movement of mitochendria 4is not wnlform and has a
Jerky pattern, This movement, however, 1s not actlive but a re-
sult of the overall movement of the c¢ell oytoplesam, Toxlc ac~
tions might paralyze this movement or evoke local concentra-
%ion in a place which does not correspond to the place of their
phyeiological concentratlion,

Pathological changes of individual mitochondria relate,
in the main, to the densgity of their matrix, the length of
the internal membrene (the forming cryst) and the volume of
organellepg. Ohanges in the volume are primarily assoclated
with swelling, a unlverssl response to a toxic in!iuunco. The
study of live cells by means of microfilming in & phase con-
trast can show how mitochondria - swell completely or only at
one end {in the latter case they take shape of a tadpole) and
then return to thelr initlial shape.

There are two types of swelling, Anisotic swelling asso-
clated with ohanges in the osmotic concentration of the sur—
rounding medium is passive and at least partially reversible.
The ewslling of aaother type ie active and associated with
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changes in cellular reepiration whicn is connected with enzy~
matic reactions, This swelling is predestermined by prim#::w
funotional disorders which produce changes in water metabolisom.
The latter changes, in turn, depend upon the state of submic—
roscoplc and molecular structures ¢f mitochondria , i.e. the
ptructures where the procesases of oxidstion phosphorylation
and reactions with the participation of AYP take place, The
ugual consequeaces of damage to theao' structures are reduced
to the swelling of mitochondris, ,

Most likely, swelling 1s mainly associsted with the pas—
sage of a liquid from the surrcunding medium into the mito~
chondria, This process is accompanied by an inerease in volume,
which not infrequently, is quite considerable., Thus the diame-~
ter of a mitochondria section in a normal liver is 0.08p ,
and in the liver of a starving rat it is ‘1.06,u + In case of
ischemia of the myocardium the volume of mitochondria grows
trom 10 o 60 fold, When swelling occurs the external membrane
becomes extended but unlike the internal one, it is not easi-
ly ruptured.

One should dlstingulsh the swelling of mitochondria <from
vacuplization.

Bergman and Enopp (1960) described vacuoll which arise
in mitochondrie of some cells tmder diffsrent conditions,
Thene vacuoll are of two typess intramitochondrial and adja-—
cent on mitochondrias or thelr residues,

The swelling of mitochondria Iinvolves the external and
internal membranes and also the mitochondrial matrix. The
external membrene is very elastic, Even in strong swelllps

of a mitochondria when its volume increases several tens of

1-6
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times the external membrane 1s retained and its thickness is
not altered, It is not excluded that it possesses a degree of
contractility, The properties of the internal membrane Aiffer
naterially from those of the external membranse. The most cha-
racteristic feature of the internal membrane is that it forms
numerous folds, cryets. When mitochondria swell the orysts
become unfolded and their numb‘er decreases. Besides, the in-
per membrene unlike the external one is rather sasily ruptur—
ed. The mitochondrial matrix which consista of fine dispersed
material of protein origin, in swelling, as a rule, drastical-
1y loses 1ts density, 1s hydrated and in the finally becomes
electron-transparent,

Toxic actions on an organism definitely influences the
synthesis of protein, As a rule, this influence is mostly ma=-
nifest in the action upon the proteln synthesizing system of
the liver, the organ which 1s respcnsible for disintoxication.

The synthesis of protein consists of a number of sequen~

cea in the liver; we shall confine ourselves only to a brief
enumerations 1) preparation (activation) of aminoacids, the
main blocks for the building of polypeptides; 2) attachment
of sotivated aminoacids to ribonuclesoproteids of ﬂboaomes;
3) the action of synthesizing enzymes; 4) the coding of the
sequence of protein synthesis from aminoacids thanks to the
participation of l-ﬁlﬂ; 5) the arrival of the newly formed
proteins inte the cytoplam,

Bach of the mentioned processes is subject to disrup-
tions, The latter underly the pathology of ribosomes, our
knowledge of these, however, 1s atrictly theoretical, Pre-
cise data abont ribosomes are scanty and not completely clear.
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The cell‘s protein‘aynthesizing syatem consiats of three
elementst monoribosomes, polyriboscmes and a rough endoplasma-
tic network, Each of these elements makes its contribution to
yrotein synthesd s. Individual ribosomes synthesize protopro-
teins or fragments of the protein moleculs, A complets mole-
cule of protein can be created only by ribosomes associated
by a thread of m'BNA into polysomes or by the eamme polysomes
assoclated with the membrans of the endoplasmstic network, In
the former case the proteins are gynthesized for their own
Intracellular consumption snd renovation of the membrans ma-—
terial of the cell propery in the latter c¢ase the proteins
are syntheelzed "for export" which is clearly seen in exo-
crine cells of the pancreas and in the major cells of the ato -
mach whioh secrete a large number of protein—enzymes.

The number of monoribosémes in the cell cytoplasm may be
large or small. However, 1t 18 impossible to say whether it
ia good or bad Judging by their number since én increase in
the number of ribosomes may teke place owing to the dlsinteg—
ration of polysomes and the rough reticulum. Besides, some
of the rilbosomes are active, others are inactive. The dete£—
mirm tien of the number of active and inactive population of
monoribosomes requires highly subtle studies making use of
labelled aminoacids, precursors of proteln synthesis,

The main structural element which ensures protein syn-
thesls 1s the group of ribosomes assoclated by the thread of
miRNA, which forms the polyribosome from 5, 6 ribosomes-mono-
mers, An increase in the number of polyribosomes in a cell
definltely indicates the mounting of the cell synthetic po-
tential, A decrease, on the contrary, peints to the inhibi~

1.7



-1 -

tion of protein synthesis, Thia saystem 1s highly labile and
responds conpgistently to numerous toxic influences and to pro-—
toin deficlency in the ration: by disintegration of polyribo~
somes and by a decrease of their number in the cell.

The changes Iln the structure of the rough endoplasmatic
network may involve the size of membrane cisterns and the pre—
sence or absence of riboscmes attached tc the membrenes, Most
varying influences produce considerable changes in the volume
of the oavities in the system of the endoplasmatic network.
Thene changes are of different types,

Bome cisterns may turn into large vacuoll, which beaoocme
more or lees deformed owlng to the reciprocal pressure. These
changes have been described in liver cells in instances of
intoxication with carbon tetrachloride, In other instances
the tubulae are fragmented and twrn into small vesiclesi the
latter may bBecome broader and turn into large regular vacuoll
whichk, however, are not as large as those which develop as a
result of direct swelling without preliminary fragmentation.
Individual vecuoli never touch one another, they are always
divided by a layer of the hyaloplasm which 1a from 4 to 5 oM
wide, In many dsmages of the cell large wvacucll arige as a
result of edema, swelling of the cisterns of the endoplaasma-
%i¢c network, This reaction passes quite rapidly,

At the same time the mentioned vacuolisation of the en-
doplasmatic network should not be confused with the widening
of the ocisterns in the activation of synthetic processes,
for ingtance in plasmatic cells. In the synthesis of protein
it accumulates within the oisterns which are filled with fine
dispersed material of medium electronic density. As for the
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case of edem& the content of cisterns of endoplasmatic net=-
work is absolutely electrontrangparent.

Oonsiderable distinctions in the structure of the endo~
plasmatic network are determined by the number of ribosomes
attached to the mexbranes of cisterns. Changes in the atruc—
ture of nutrition, insufficient consumption of protein, star-
vation and num;arous tYoxic influences are accompanied by a de-
crease in the number of ribosomes on the membranes and conse-
quently by the inhibition of protein synthesis in the cell.

The sbove described developments do not teke place in an
isolaeted manner but, &s a rule, ocour in a complex, The frag-
mentation of olsterns of the endoplasmatic network in case of
toxic infiuence, as a rule, 1s parallelled by vacuollsation
and dissociation of ribosomes, In as much as the synthesis
of a protein molecule 1s implemented by a group of ribosomes
attached to the membrane and since the cistern proper performs

in this case the function of a support snd alsc of accumula-
tion and distribution of the synthesized product one can un=—
derstand that the decrease in the number of ribosomes per
unit of length of the membrane and the fregmentation of cie-—
terns which leads to a partial dismociation of the eynthetic
ribosomal group serve as the morphological substrate of the
decrease in the productlion of protein by the cell,

The Golgl apparatus or the intracellular retictlum is
functionally connected with the endoplasmatic network, It
consists of three componentss a packet of doudle membranes
which form the dictyosome; an inconsigtent number of smell
vesicles scattered in the cytoplasm and which are formed of
dioctyosomesy and of considerably larger vacuoli,
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The application of aminocacids labelled by tritlum and ra—
dloactive carbon made it posaible to demongtrate that the ma-~
terial synthesized in the endoplasmatic network by means of
vesicles which bud off from it is transferred into the zone
of the Golgl apparatus. The synthesized molecules become more
complex within the Golgl apparatus; for instance, there takes
place the joining of the hydrooarbon part of the molecules of
glycoprotelds. In other words, the function of the reticulum
is not confinedi to packing the synthesized materiai. It 1s
much more intricate, A number of complex processes tekes place
In the Golgl apparatuss the formation of lysosomea, the pro-
duction of globules of mucus et¢. The extent of the develup—
ment of the Golgl apparatus in every cell depends most likely
upon 1ts metabolic activity. The changes in the Golgi appara-
tus in pathology may be of different orientation, At times
it manifests 1tself in the disappearance of the structures
of intracellular retlculum, More often than not these changes
are expresgped by the intensified formatlion of a multitude of
aunall vesicles which develop from the edges of the plates of
dictyoeomens. This c¢reates an impression that there is an in-
tensification of the normal process in this case,

The cellular orgenelle which 1s called & lysosome hecame
known only in 1955 thenks to the studies of De Duve, Having
been first described by biochemists it occupled & highly im-
portant place in physiology and pathology. The processes of
proteolysis which occur in the cell or which begin in the
cell are associéted with lysosomes.,

Two categories of structares which possess the proper-—~

tles of lyscasomes are distinguished, Bome are, so to say,
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"professional™ lysosomes. Neutrophilic granuies of polymorpho-—
nuclear leukocytes may serve as an example; their main pecull-
arity ishthat they contain the potentially proteolytioc enzy-—
mes which demonstrate thelr activity following various influen-
ces (activation of lysosomes). Those are primary lysosomes,
Other lysosomal structures, secondary lysosomes, are the con-—
sequence of the combination of primary lysosomes with other
proteins or structures which had not initlally possessed a
proteclytic activity, They may arise as a consequence of pha=-
gocytosis (phagosomes) or as a result of local degeneration

of the cytoplasm (cytolysosomes, cytolysomes). They may be
very varied in normal and specifically in pathological condi-
tions.

Proteolytic enzymes in primary lysosomes are In a latent
gtate, The reallzation of thelr proteclytic activity is poe-
gible dut after the rupture of the membrane which surrocunds
the lysosome or after it becomes permeable for enzymes, Nor-—
mglly this membrane is a barrier for enzymes, Proteolysls be-
comes aotive only when the membrane 1s labillzed, Proteoly-
sis may cover the entire cell in which case the latter is
pubject to autolysis, 1.e., 1t is subject to the extending
proteblysis which leads to the death of the cell and its dis-
integration., Under definite conditions the proteclysis of
the eytoplaem &8s localized only in some gites of the cell,

The site which is in the state of proteolysis is surrounded
by a membrene and 1a sequestered in the form of cytolysosome
or autophagic vacuoll, Thanks to this the sj:read of proteoly-
gis 1s discontinued and there develop the secondary lysosiome.
The latter may exlst as an inelusion to which the cell ia
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tolerant, Hpowever, the lyscsome of this type possesses a la-
tent proteclytic activity. This activity may demonstrate 1t-
self, speoifically during the deatruction of the membrane, The
Tinal Btage of 1litic processes within the secondary lysosome
consiate in the inactivation of enzymes and the formation of
residual bodies. As a rule, residual bodies are represented
by myelold lamellas which form peculiar coacentric figures
with lipofuscin, "

At present more than 50 enzymes in the lyscsomes have
been 1dentified, In the main they are hydrolases, However,
one among them —— esterase —— i an acid phosphotase which
serves as & lysosomal enzyme marker for histoochemical 1denti-
fication of these organelles,

The lysosomal apparatus becomes particularly complex in
the system of specilired phagooytes represented by cellular
elements of two typess micro— and macrophages, The lysoscasl
apparatus of microphages has a perfect and intricately orga-;
nived mechanism for extracellular functionlng of lysosomal
hydrolesesa, It has been possible to demonstrate that lysosomes
located in the peripheral layers of the cytoplasm are evacu-—
ated from the cells by detaching parts of the cyteplasam, Par—
ticipating in this process 1a the actomyosin fibrillary sye-
tem., The second type of phagooytes (macrophages) in ite con-
ventional, inactive state, has a comparatively small number
of lysosomes. However, in case of activation of these cells,
they acquire the sbility to form large numbers of lysosomea
through intensive activity of their protein synthesizing ap-
paratus,

Besides the digestive and protective functions lysosomes
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are used also to implement other functions. Por instancs, the
cella of the epithelium of some llver tubulase possess well—
expressed phagocytic activity and acoordingly & rather large
number of lysogomes, The latter particiﬁate in the intracellu-
lar digestion of organic formatlons in phagosomes 1f the ac-
tivity of the filtration apparatus of the nephron 1as Al srupt-
ed and i1f large molecules or their complexes enter the prima-—
Ty urine,

The wniversallty of the apread of lysosomes is determlin-—
ol by their role during autophagia —— intracellular digestion
of individusl organelles and sltes of cell cytoplasm and also,
most likely, of mclecules and supramplecular complexes which
have lost thelr importance elther owing to ageing or being
uged as material for maintaining the life of the cell under
favourable extreme conditions,’

The autophagic activity of lyscsomes essentlally 1s an
apparatus of physiologicel regeneration of individual cellu-
lar structures. However, just as in case of heterophagia with
its primary trophic function, autophagia in specialized cells
may have a different nature performing some other specifie
functions.

Por instance, quite important is the sowcalled recons
structiwe function of lysosomes., It 18 asscolated with the
ability of multicellular organisms to maintain, under the
conditions of starvation, the wiability of ¢elle thanksa to
endogenocus nutrition, 1.e, digestion with the help of lyso-
somes of some of ecytoplasmatic structures and consuming the
1ow molecuwlar compounds for the needs of energy metabvlism
!I}he specific autophagia 1s common in glandular ocells whenever
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1t 18 necessary to utilize the surplus of the secretion,

All this provea that lysocsomes are not merely vesicles
with enzymes which are used from time to time in case of he-
tero— and autophagia. In keeping with present-day noticna ly-
gosomes sre & morphologlcally developed o0ld and intensively
evolutionized catabolic system of the cell, It is under regu—
lar control of integrative cellular mechanisms asnd, in its
turn, wost likely can influence these mechanisms up to alter-
ing the orlentation of cell differentlation as it ia seem,
for instance, when & surplus of vitamin A acts upon the rudi-
ments of a multilayered cornea epithelium, Vitamin A selecti-
vely acts upon the membranes of lysosomes predetermining the
emergence of enzymes into the hysloplasm. The latter, quite
possibly enter the nuclear apparatus or influence the genetio
apparetus of cells indirectly by acting through eytoplasmmatic
proteins as & result of which we cbserve a change in the di-
rection of the cell differentiation in the epithelium and in-
stead of corneal cells goblet and whip cells emerge,

An action similar to that of wvitamin A on the membranes
of lysosomes 18 observed during the action of sporofusarin.
During electron microscoplc investigetion of rat liver fol-
lowing intraperitoneal injection of erystalline sporofusarin
a5 a dose of 75 mg per a kg of body mase we found large cla-
ritication focl in the c¢ytoplasm of hepatocytes at times
taking up to half the cell. Along the periphery of these
foel there 1s a large number of lysosomes and autophagic va-
cuoli surrounded by en elementary membrane, The vacuoli quite
frequently include mitochondria with an altered atructure;

sites of cytoplasm and lysosomes, the membrene of whioch 1is
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partially destroyed., 4 picture of this type attests to active
processes and to the participation of lysosomes in local ly-
sls of the cytoplaam.

Blochemical studies of the same material correlate well
with the results of morphologlcal iInvestigation of liver., The
findings included & sharp disruption of the stability of mem—
branes of liver lyascscmes, the emergence of lysosomal enzymes
into the cybtoplasm and an increase of their non-sedimented
activity.

This, however, 1s but one example of the morpho—functio-
nal approach to & specific experimental task,

411 above described structural-functional reactions of
intracellulsr organelles have been demonstrated with integra—
ted appllication of eloctron mocroacopy and cellunlar structu-
ral biochemistry. At present this integration is conventio-
nally known &g functional morphology. The main peculiarity
of the moxrphofwnctionsal aepproach to the study of a cell and
1te responses to pathologlc influences 1s the desire to com-
prehend the structural foundation of biochemical processes
which determine the glven function, i.e. to relate these pro-~
cesses to specific cellular structures,

The final objective giver this approach is identical %o
the objective pursued by molecular blology and cellular struc-
tural bilochemistry, However, the methods used by those sclen~
ceg to resolve common objectives are fundamentally different,
While an indispensable condition for molecular blelogy and
structural blology i1s cell destruction and the isolation of
the studled structure in a more or less pure fraction, the

prerequisite In cytologlical studies i1s, on the contrary, the
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preservation of the wholesomeness of the cell, In thig case 1t
15 necessary to strive to minimize external linterference and
to study the structural-biochemical organigation of scme or
other components precisely within the confines of an intact
cellular system.

We bave already stated that the most widespresd, method
which has become classical in structural-biochemical studies
1s the method of electron microscopy with 1ta diffsrent modi-
fications, These modifications are predetermined both by dif-
fering approaches to the analyeis of the studied structures
and by the pecullaritles of the preparation of celle for ult-
rastructural - studies. The high resclutlon of conventional
transmicsion micfoaoopea make it possible to analyze not cnly
all organoids of the nuclear and cytoplasmatlc apparatus but
also mme ptrucbures In the supramclecular level of organiza-
tion, for instence, the suporting and contractile microfidrils,
microtubulae, some multienzyme complexes., The present study
of cells in the systemlc and subsystemioc levele of thelr or-
ganization inoreasingly and succesafully involves the method
of high-wvoltage electron microscopy. Thanks to its much great-
er compared to the convevtional electron mlcroscope energy
of the penetrating beam of electron this method makes it pos-
8ible to study "thick" sections and even whole flattened
cells which allows, for instance, analysls of the complex
aystem of intracellular organelles as & whnle,

The methgd of scanning electron microscopy which allows
for a three-dimérdsional study of the surface of an object
becomes importent in the study of the function of the sur-
face apparatus of the cell, the interrelationship of indivi-
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dual subsystems of the surface apparatus of the nucleus and
for a number of other problems, The method of freeze—etching
holde & gppecial and fundamentally importent place in eytologl-
cal studies of the morphobiochemical orientation. It is the
most aparing method of preparing blologlcal objecta for ultra-
structural analysis, l.e. 1% causes the least changes in cel-
lular structures compared to thelr native state. The substance
of the method is that the cbject le placed in liguid propane
cooled by 1liguid nitrogen at a temperature of -~185~196°C which
ingtantaneously discontinuea all metabolle processes. Then
etchings are made In the frozen object ueing epecial installa-
tions at a high vacuum. Replications are teken from the sur—
face of the etehing by putting upon them the finest coat of
platinum or silver. The metal replication taken from the sur-
face of the etching is subsequently lnvestigated in an elec=—
tron microscope, The advantage of this method is that the
face of the etching usually passes along the hydrophobic phase
of the membrane and this makes 1t possible to study on the
otchinga the quantity, size and the nature of distribution of
integral proteins of the membrane, i.e, the directly internal
morphobiochemical organization of the membranes. This methed
produced highly valuable results in Investigating different
types of membrane structurss and special formations, for in-
stance certain types of cellular eontacts, Up to now, however,
the cryomethods have not been used for the study of the aco-
tion of mycotoxins, though they could produce valusble infor-
mation on the influence of thelr subtoxiec doses on the mem~
breane formation of cells.

Cytochemical methods play an exceptionally important
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part for the fundamental taak of structural-biochemical aspect
of cybological Investigations — the elucidation cof the func—
tional importance of structures by analyzing their biochemical
organization, They are being presently refined both from the
voint of view of precise qualitative identification of chemi-
cal compounds in the studled structures and in the sense of
thelr quantitative evaluastion, Making use of speclal instru-
ments whioh allow for quantitatlive cytoespectrophotomstry it
iy posslble to identify the content of the given substance,
for instance, RNA and DNA not only in the cell as a whole buk
also on the level of nuclear and cytopleasmatic astructuresa,

Also possible at present 1s a very accurgte gualitative
analysis of individual proteins of cellular structures in the
fracework of an intact cellular system. This analysis 1s car-
ried out by means of immtnocytochemical metheds. The substance
of thie method 1s that a conerete protein serves as an anti-
gen to which an wganism of some mamumals produces antigens,
The latter are combined with a fluorescent stain (for light
microscopy) or with an electron dense marker of the type of
collold gold, ferritin or peroxidase (for electron microscopy).
Specifically marked antibodles are bonded strictly selective-
ly with the structures contailning the studied protein. Thus
this method was instrumental in identifying the localizatior
ol the main and auxiliary contractile proteins of the actin-
myosin system in the submembrane fibrillary apparatus of
non-cuscular cells, The same method was successfully applied
to prove the valldity of the liquid.mosalc model of membrane
organization.

Broad prospects are opened up by the method of auto-
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radiography with the application of radiactive precursors of
micromol?cule synthesis labelled by artificial isotopes (35,
140, 35 etec,) the action of which upon en organism is still
to be investigated. This method makes it possible not only to
determine the site of the synthesis of some or other macromo-
lecules but to trace specific pathways of the intracellular
transport of compounds, offers a relative quantitative appra-—
igal of the intensity of the synthesis and the rate of move-—
ment of macromolecules in cellular structures, In this way,
specifically, 1t was demonstrated for the first time how RNA
moves from the nucleus to the cytoplasm of cells, the locali-~
zation of the synthesis was traced in detail as well as the
Intracellular transport of vhe secretion in secretory cells
and many other processes, It 1s understandable that if the me~
thed mekes it possible to study a procesa it is applicable
also %o the examination of the process changes after the in-
fluence of a variety of actions, for instance when mycotoxins
are Introduced into an organism,

Espentially the autoradiographic method 1s one of the
most typleal methods characteristic of the structural~biloche-—
mical orientaticn of studles In as much asg 4t allows a dirsct
investigation into the processes of metebolism in intracel-
lular structures in a wholesome, intact (Jjust as in bioche-
mical studies) cell,

The eynthesls of molecular-blological and structural-—
biochemical methods i1s most indicative for the elsboration
of many importaent problems of general biology. This type of
an interaction is carried out either by imdertaking integra-
ted studies with the application both of biochemical and of
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¢ytologicel methods by biochemists and eytologists or by spply-
ing specific integrated methods bordering on blochemical end
cytological analysis of cellular structures. These methods,
however, are complex and are beyond the framework of conven—
tional morphological methods.

At present in connection with the appearance of instru~
nente for semiautomatic morphometric analysis, visuwal study of
ultrastructures is accompanied by & sterometric treatment of
resulte of electron mleroscopic examination. The quantitative
expression of the results (iistead of qualitative) has essen-
tially strengthened the positions of morphological methods and
offered the possibility to correlate with greater confidence
the structure and the functions of cells,

The necessity of assessing the Intenslty of energy pro-

cesses in a cell has given rise to a large number of studles
covering astereological analysis of mltochondrial apparatus.
As a rule, the measubed paremeter is the area under mitoshond-
ria 1in the cell as well as their ntmbert the extent of swel-
ling of mitochondria 18 assessed, the surface area of the
isner mitochondrial mettbrane where, in the main, the enexgy
processes take place, and also the coefficlent of orystae
fragmentation, All these parameters taken together make 1t
possible to evaluate the energy potential of the cell and,
wbat 1s particularly important, its changes not only on their
pathological influences but also 1n case of physiologlecal
deviations, L.e. then when the visual (qualitative) study
does not% produce results,

Unlike the case with the mitochondrisl apparatus only a

few papers are devoted to the analysis cf the structures be-
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longlng te the protein synthesizing system, We have already
gtated that the protein syntheslzing system c¢onsists of three
independent and at the same time interrelated compartments:
isolated monoribesomes, riboscmes which are combined into po-
lysomes and riboscmes which are assoclated with the membranes
of the endoplesmatic network, In ag much as the three parts
of the protein syntheslzing system are well seen in the in~
vestlgatilon of the cell in an elesctron microscope we have the
pessibility of measuring stereometrically thelr quantitative
characteristica. As a rule, the investigators measure the area
of the surface of membranes of the endoplasmatic network in
the cell, the coefficlent of fragmentation of the EFB cisterns,
the dégree of granulation of membranes, 1.e. the number of
ribogomes per unit of membrane length, Besides, they measure
the number of monoribesomes and polyribosomes per unit of sec-
tion area, ordinarily per Tu .

All measured parameters give a rather adequate characte—
ristics of the protein syntheslzing system of the cell, To
obtain an integrated evaluation one may meke use of the total
coefficlent of activity which takes into consideration not
only the state of each of the system ocompcnemts but aléo tixe
percentage contribution into the overall pool of protein syn~—

- thesls, -

Btereologlcal anelysis can also cover other intracellu-
lar componentas Golgi s apparatus, primary snd secondary ly=-
sosomen, secrei:ory granules, A coomplete stereological analy-
sis of the cell gives exhaustive characteristics of the funec-
tional state of ofganelles which together with biochemical
studies provides an msight.Mto the energy end the synthe=

tio and catabollic processes,
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The analysis of morphologlcal methods shows their poassi-
bilities and the ways of application in the study of the in-
fluence of various mycotoxins upon organism's organs and tis-—
sues. A% the same t ime it should ﬁe mentioned that at present
only routine morphological methods are belng used in mycoto-
xlcology though they do not provide g complete scope of in-
formation, The main morphofunctional approaches including
electron microescople histochemistry are still beyond the
field of vision of investigatore who are engaged In the stu-

dy of mycctoxing.
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