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EDITORIAL

DEVELOPMENT OF NEUROPATHOLOGY IN PEOPLE'S POLAND
On the 25-th anniversary of Polish People’s Republic

The history of Polish neuropathology is as long as the history of
Polish neurologists. This statement can be easily verified by the readers
of the book: Polish Neurologists written by E. Herman edited in 1958
by PZWL. This book as well as the papers published by this author
in Neuropatologia Polska in the years 1967 and 1968 shows how
significant was the contribution of Polish scientists to the world neuro-
pathology. This is, however, the history of the life and work of
scientists.

On the other hand, the history of neuropathology as a separate
speciality cultivated by special institutions has begun and has been
developing in Peolpe’s Poland. This development has been furthered
by the Polish Academy of Sciences and particularly by Secretaries of
the Committee and then of the Section of Medical Sciences: professors
Ludwik Paszkiewicz, Witold Zawadowski, Andrzej Biernacki. During
their tenures the foundations of the institutions of this newly-isolated
discipline have been laid: Department of Neuropathology of the Polish
Academy of Sciences (called formerly Department of Histopathology
of the Nervous System) has been founded in 1954 (its mame was
changed in 1959), the periodical Neuropatologia Polska was founded
in 1963 as a paper of this Department, Society of Polish Neuro-
pathologists was organized in 1964 — 'this society was founded by
a group of enthusiasts of neuropathology participating in the scientific
sessions of Department of Neuropathology and it is working under
the auspices of the Polish Academy of Sciences.

There is, obviously, a close connection between the history of Polish
neuropathologists and the mew history of neuropathological institutions.
If these scientific traditions had not been existing and especially if in
1954 professor Adam Opalski had not been in Warsaw, the Polish
Academy of Sciences would have no ground to organize the new
institution which began first the training of future neuropathologists
and then scientific research ot in this officially new speciality.
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214 Editorial

It would be wrong 'to claim that no research work in meuropathology
had been conducted in Poland prior to the organization of the Depart-
ment of Neuropathology, Polish Academy of Sciences. Laboratories of
histology existed at the Institute of Psychoneurology and at mumerous
departments of neurology of Medical Academies in Krakow, Wroclaw
and — in the first place — in Warsaw. Department of Neuropathology
was developed from laboratory of meurohistology in Department of
Neurology, Medical Academy in Warsaw. These laboratories had been
organized and worked because certain clinicians showed a more or less
deep interest in meuropathology, some of these clinicians were heads
of departments (as it was the case with professor Adam Opalski)
others were neurologists working in 'these departments. Histopathology
of the nervous system was then the object of studies of neurologists,
neurosurgeons and, less dfrequently, pathologists who ftreated them
more or less as a hobby. After organization of Department of Neuro-
pathology research work in this field has become the main and basic
object of interest of these scientists.

The Warsaw institution existing in the time — period from 1954 to
1967 was headed by Adam Opalski (1954—1958), Adam Kunicki 1959—
1962), Ewa Osetowska (1962—1967). In the second half of the year 1967
Department of Neuropathology has been incorporated (losing its former
name) into the Center of Experimental and Clinical Medicine, Polish
Academy of Sciences. Up to this time over 250 papers had been
published by the staff of ‘the Department, 23 doctor’s degrees and
5 docents degrees have been conferred.

Already in 1957 a Laboratory of Neurosurgical Pathology, Polish
Academy of Sciences has been called into existence in Krakéw, initially
it was subordinated to the Department of Neuropathology in Warsaw
and then it has become an independent institution headed by professor
Adam Kunicki.

In the years of the activity of Department of Neuropathology in
Warsaw the laboratories of various Medical Academies have been
developing, either independently of the Warsaw institution or with
its help in the form of training courses and work on the preparation
of papers to be presented for the degree of a doctor or a docent. First,
when the Department of Neuropathology had moved from the Depart-
ment of Neurology, Medical Academy to No 3 Pasteur Street in War-
saw, the Laboratory of Neuropathology of the latter Department began
its independent development under the direction of Lech Iwanowski
M.D., Danuta Markiewicz M.D. after a training period in Department
of Neuropathology has founded a Laboratory of Neuropathology in the
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Abramowice Psychiatric Hospital in Lublin. The greater part of his
paper for the doctor’s degree was prepared by Jerzy Kulczycki M.D.
in the Department of Neuropathology in Warsaw. Dr. Kulezycki was
appointed then head of Laboratory of Neuropathology at the Department
of Neurology, Pomeranian Medical Academy in Szczecin. Research work
for the degree of a doctor and then of a docent was done in this Depart-
ment by Jerzy Dymecki head of the Laboratory of Neuropathology,
Institute of Psychoneurology in Pruszkow.

Independently of Department of Neuropathology, but perhaps
following somewhat its example the Laboratory of Neuropathology
has been developing at the Medical Academy in %.6dz, headed by docent
A. Gluszcz M.D. Similarly independetly of the Warsaw Department
a large Laboratory of Neuropathology has been developing at Depart-
ment of Neurology, Medical Academy in Poznan. The Warsaw institu-
tion is continuing further training courses for heads of the neuro-
pathological laboratories of the Silesian Medical Academy (Stefan
Kasperek M.D.) and Department of Neurosurgery in Lublin (dr. Zofia
Muszynska).

Members of the Society of Polish Neuropathologists come from these
recently founded or former centers. The greatest group among them
is formed by meuropathologists from the Warsaw and Krakéw neuro-
pathological centers under the auspices of the Polish Academy of
Sciences. They have been the first Polish “full-time” neuropatologists
for whom neuropathology has become the only medical speciality.
The Society supported by the Polish Academy of Science pays
systematically the fares of members coming every month for sessions

of the Society. The number of neuropathologists members of the Society
exceeds now 50.

The development of Polish neuropathology is evidenced not only by
the activities of the Society of Polish Neuropathologists but also by the
periodical Neuropatologia Polska which has been founded as an organ
of only one neuropathological center (it was founded before the official
foundation of the Society) but it is publishing now papers on neuro-
pathology from the whole country. It is an evidence of the widespread
scientific movement which has reached all greater medical centers
in Poland, all nmeurological departments and divisions of neurology,
neurosurgery and psychiatry. Trainees from the provincial towns
coming for short-term or long-term training courses to the Warsaw
or Krakéw centers or to other greater laboratories connected with
Departments of Neurology or Institutes either attempt afterwards to
set up own laboratories or remain in contact with the training center
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sénding material or participating as partners in the work on sporadic
cases or more extensive studies done for the doctor’s degree.

The development of neuropathology in Poland is correlated with
the place occupied by the Polish neuropathology in the world. At the
IV Congress of Neuropathology in Munich in 1961 the Polish neuro-
pathology was represented still by the Polish Neurological Society and
only one paper on neuropathology was read by the Polish participants.
In 1965 at the V Congress of Neuropathology in Ziirich the Polish
neuropathologists had already a delegate of the Polish Society of
Neuropathology who was also the so-called country vice-president of
the Congress and five papers were read by the Polish delegation.
At the VI Congress of Neuropathology to be held in Paris in 1970 the
Polish delegate is chairman of one of four main problem sections of
the Congress.

It has been stressed in the introduction ‘that 'this enormous develop-
ment of Polish neuropathology is a continuation of the tradition of
great individual achievements in this discipline. It is doubtlessly
a great merit of the organizators of scientific research in People’s
Poland that these traditions have not only been continued but provided
with a plan for further development of this speciality based on
organizational and other means.

E. Osetowska
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HISTOCHEMISTRY OF MYELIN AND NEUROGLIA

NEUROPAT. POL. 1969, VII, 3

C. W. M. ADAMS, J. F. HALLPIKE

LIPID-PROTEIN RELATIONSHIPS IN NORMAL
AND DEGENERATING MYELIN *)

Department of Pathology Guy’s Hospital Medical School, London University,
Great Britain

We propose to discuss myelin and demyelination from the following
aspects:
a) The proteins of the myelin sheath
b) The in vitro release of lipids engendered by exposure of myelin
to proteolytic enzymes
c) Proteolytic activity in Wallerian degeneration and around pla-
ques of multiple sclerosis
d) The location of certain proteolytic enzymes within myelin.
The hypothesis to be considered is that proteolytic enzymes are
responsible for the initial breakdown of the myelin sheath both in
demyelinating conditions and Wallerian degeneration.

A. PROTEINS OF MYELIN SHEATH

By histochemical techniques two protein-types can be distinguished
within the normal myelin sheath. The first sort is akin to proteolipid-
-protein and meurokeratin (Folch and Lees 1951, LeBaron and Folch
1956) and can be displayed histochemically by its strong reaction with
the DMAB technique for tryptophane (Fig. 2; Adams 1957, 1958).
In conformity with biochemical observations, this protein cannot be
removed from the section by either trypsin or dilute sulphuric acid
(Adams and Bayliss 1968a). The other protein resembles the various
basic myelin proteins that have been isolated and characterized by
several groups of biochemists (e.g. Lowden et al. 1966, Lumsden et al.
1966, Martenson and LeBaron 1966, Nakao et all. 1966). Histochemically,
this basic protein component can be demonstrated by its affinity for

B (oo A S
*) Supported by the Multiple Sclerosis Society (U.K.).

http://rcin.org.pl



218 C.W.M. Adams, J.F. Hallpike

the acidic dye trypan blue (Fig. 3; Adams and Bayliss 1968a). This
trypanophilia is extinguished by treatment with cold nitrous acid,
indicating that protein amino-groups are responsible for such staining.
In accord with the; above-mentioned biochemical studies, the basic
protein is digested by trypsin and can be extracted from the section
with dilute sulphuric acid.

B. IN VITRO RELEASE OF MYELIN LIPIDS BY PROTEOLYTIC ENZYMES

Myelin in sections of formol-calcium-~fixed tissue is relatively
resistant to trypsin and other proteolytic enzymes: only a small part
of the myelin lipids appear to be released (Fig. 1; Adams and Bayliss
1968 b). However, digestion of the basic protein appears to unmask
acidic phospholipid groups (Fig. 1), because the sheath is then more
readily stained by basic dyes and other cationic substances. This
unmasking of phospholipids is more pronounced after extraction of
fixed myelin with acetone, an effect that can be attributed to the
selective removal of cholesterol previously hydrogenbonded to phospho-
lipids (Fig. 1; Adams and Bayliss 1968 b, c).

Effect olf Trypsin

CHOL L 4 _JACID {4 CER 4 CHOL L8 ACID |
LIPID LIPID

Effect of
Acetone

|
Effect of
Acetone

|
Effect of Trypsin

CHOL = CHOLESTEROL
CER = CEREBROSIDE

Fig. 1. Myelin molecular structure.

In unfixed sections of brain or peripheral nerve, most of the
lipids are released from myelin by the action of trypsin, pepsin or
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Fig. 2. Tryptophan in neurokeratin of rat peripheral nerve myelin. DMAB
method, X 22€0.

Fig. 3. Basic protein in rat peripheral nerve myelin. Trypan blue, pH 5, X 960.
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Fig. 4. Effect of dilute trypsin applied to white matter of human
brain, cryostat section post-stained with Sudan black, X 7. Note gross
loss of lipid from trypsin-digested white matter.
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Fig. 5. Increased proteolytic activity (translucency) during myelin breakdown
in rat sciatic nerve. Top, normal nerve; middle 4 days after nerve section;
bottom, 6 days after nerve section. Gelatin-silver autogram, X 96.
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Fig. 6. Increased proteolytic activity at the edge of an active plaque of multiple
sclerosis. Demyelinated centre of plaque at top. Gelatin-silver autogram, X 550.
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elastase (Fig. 4; Wolman and Hestrin-Lerner 1960, Tuqan and Adams
1961, Adams and Bayliss 1968 b). Presumbaly a large part of these lipids
is attached to the trypsin-sensitive basic protein, and digestion of this
protein removes the molecular skeleton to which these lipids are
partly attached and on which they are stabilized.

C. PROTEOLYTIC ACTIVITY IN MYELIN BREAKDOWN

The question that now arises is whether the in witro observations
presented in the preceding paragraph have any relevance to myelin
breakdown in vivo. If proteolysis is responsible for the release of
myelin lipids in the initial stages of the sheath’s breakdown, a ready
explanation becomes available for Rossiter’s observation (Johnson et al.
1950) 'that the myelin lipids remain chemically normal for the first
week after merve-section-even though the sheath and its constituent
lipids physically fragment and disrupt durlng this initial period of
Wallerian degeneration.

In fact, proteolytic activity does increase in this initial stage of
myelin breakdown. Porcellati and Curti (1960) showed that such acivity
is increased at the end of the first week after nerve-section but, by
relatively crude biochemical techniques, our previous work showed
that it increases within ‘the first few days after neurotomy {(Adams
and Tuqan 196la). Our biochemical observation were supported by
the silver-gelatin film technique (Adams and Tugan 1961 b), where
sections are mounted on blackened photographic plate and where
proteolytic activity is revealed as a translucency in the film. This
technique showed a very substantial increase in neutral proteolytic
activity during the first week of myelin breakdown (Fig. 5; Adams
and Tugan 1961 a). Furthermore sophistocated biochemical and histo-
chemical studies on this problem are reported in the following paper
(Hallpike and Adams 1969).

During the last year we have been able to obtain 5 brains from
cases of multiple sclerosis. The active plaques in these cases showed
markedly increased acidic and neutral proteolytic activity around them,
as revealed by ‘the gelatin-silver film technique (Fig. 6). Activity was
adjudged on the basis proposed by Ibrahim and Adams (1963), namely
that the neuroglial (oligodendroglial) population and oxidative enzyme
activity are increased at the edge of such lesions. Moreover, the
presence of Marchi-positive (OTAN black) lipids (cholesterol esters)
within gitter-cells indicates the presence of active demyelination.

From the foregoing observations, it is clear that proteolytic activity
increases in the early stages of the process of myelin breakdown.
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We infer that such activity is responsible for ‘the initial fragmentation
of the myelin sheath, at a time when the myelin lipids are chemically
normal and have mot yet been degraded to cholesterol esters (for
general reviews, see Adams et al. 1965, Adams and Leibowitz 1969).

In the next paper and in future work we propose to consider the
origin of these proteolytic enzymes that are involved in myelin
breakdown. The question to be considered is whether they are derived
from lysosomes, other subcellular particles or the myelin membrane
itself. In the last part of this paper, we wish to discuss the localization
of a proteolytic enzyme and a peptidase actually within the myelin
sheath itself.

D. NEUTRAL PROTEINASE AND LEUCINE-AMINOPEPTIDASE IN MYELIN

After extracting rat peripheral nerve myelin with chloroform-
-methanol and washing it (Folch et al. 1957), about half of the meural
neutral proteinase was recovered from the interfacial fluff (proteo-
lipid) and chloroform phase (lipid). The other half was recovered from
the aqueous phase and the unextractable residue (Table 1; Adams and

Table 1. Distribution of peripheral nerve neutral protease after ,,Folch-Wash”

Chloroform phase-lipid 11 5435
Interface-proteolipid £V b7
Water phase - residue 457,

Bayliss 1961). Enzyme activity in the lipid phase is presumably an
artefact due to contamination during removal of the interfacial proteo-
lipid fluff. These observations suggest that about half the neutral
proteinase activity in peripheral nerve is associated with myelin
constituents. This conclusion is in accord with Marks and Lajtha’s
(1963) subcellular fractionation study on brain, where they found that
a substantial amount of cerebral meutral proteinase activity was
present in the myelin subfraction of the mitochondrial fraction.
Leucine  aminopeptidase (LAP; L-leucyl-f-naphthyl-amidase) activity
is more concentrated in white matter than grey; it is present in rat
myelinated peripheral nerves, but absent from unmyelinated leg merves
of 'the lobster (Table 2; Adams and Glenner 1962). Moreover, in contrast
to various respiratory enzymes, LAP activity in the subcellular myelin
fraction of rat brain accounts for as much as 17 per cent of that in
whole brain (Table 3; Adams et al. 1963). Myelin fractions obtained
from peripheral nerves — a new technique that involves softening of
collagen with 0.7 M glycine — contain betwen 63 and 100 per cent
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of total nerve LAP activity (Table 4; Adams et al. 1968). It is not really
surprising that the compacted cell-surface (Schwann or oligo-
dendroglial) membranes of myelin should contain so much LAP, for
this enzyme appears to be a characteristic component of the plasma
membrane (Coleman and Finean 1966, Emmelot et al. 1968).

Table 2. L-leucyl-8-naphthyl-amidase activity
in neural tissue

Table 3. Enzymic activity in myelin prepara-
tion of rat brain

Naphthylamine Myelin enzyme
ug/mg wet wt/hr activity as % of
total recovery
Sciatic nerve, rat 1-53 R
Unmyelinated nerve, lob- Succinic dehydrogenase 23
ster 0-00 ATPase (total) 2'16
Optic nerve, rat 1-12 ATPase (Na+) s 2:19
Corpus callosum, rat 273 Acid phosphatase 32
Frontal cortex, rat 1-59 Alk. phosphatase 29
G-6-P dehydrogenase 277
Aminopeptidase 17
Table 4. Enrichment of peripheral nerve myelin fraction compared with whole homogenate
Whole Human Rabbit sciatic
homogenate dorsal root
Cerebroside 1 220 1-58
Cholesterol 1 2:05 1-61
Succinic dehydrogenase 1 0-0013 0:0018
(0:0695)*) 0°1194)*)
Leucine aminopeptidase 1 142 1:63
(6470)*) (103%5)*)

*) Enrichment compared with cerebroside

C. W. M. Adams, F. Hallpike

STOSUNEK LIPIDOWO-BIAEKOWY W PRAWIDLOWEJ I DEGENERUJACEJ
MIELINIE

Streszczenie ¢
A. Mielina zawiera dajace sie wykryé histochemicznie bogate w tryptofan,
oporne na trawienie trypsyng biatko (neurokeratyna), lipoproteidy oraz ftrypano-
filne, wrazliwe ma trypsyne biatko zasadowe,
B. Trawienie trypsyng in vitro bialka zasadowego daje w wyniku uwolnienie
lipidu z mieliny.
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222 C.W.M. Adams, J.F. Hallpike

C. Aktywno$é proteolityczna wzrasta we wecezesnych stadiach rozpadu mie-
liny (degeneracja Wallera) i na brzegach $§wiezych plak stwardnienia rozsianego.
Trawienie bialka zasadowego w mielinie moze wyjasni¢ poczatkowe rozerwanie
ostonki, w czasie gdy lipidy pozostajg chemicznie niezmienione.

D. Obojetna proteaza oraz aminopeptydaza leucynowa wydaja sie¢ by¢ sta-
lymi skladnikami enzymatycznymi prawidlowej mieliny.

II. B. M. Axamc, @. Xoauamnamg

JIUIIMITHO - BEJIKOBOE OTHOIIEHME B ITPABUJIBHOM
¥ JETEHEPUPYIOIIMM MUIJIMNHE

Congepx)aHue

A. MyoamH COAEPRUT I'MCTOXUMMMYECKV BbIABJIAEMBIA, Gorareni TpUIITO(MAaHOM, pe3u-
CTEHTHBII Ha IepeBapMBaHMe TPUIICMHOM 6eJIOK (HelpOKepaTmH), JIUIIONPOTEUAbI
M TPUNAHOMMIBHBII YYBCTBUTEJBLHBII K TPUIICMHY OCHOBHOM OEJIOK.

B. IlepeBapuBaHme TPUIICMHOM in Vitro OCHOBHOrO 0ejKa JaeT B pe3yJibTare OCBO-
OoxkzeHve Jaunuaa M3 MUSJIMHA.

B. IIporeonmnrtuyeckas aKTUMBHOCTH EO3PACTaeT B PaHHMX CTaAMAX pacrageHus Muo-
JuHa (mereHepermsa Baisiepa) M Ha KpaAxX AaKTUMBHBIX OJIAlIeK pPaccesHHOTO
CKJylepo3a. IlepeBapyuBaHue OCHOBHOro Oejlka B MMOJIMHE MOIKeT BBIACHUTbL Ha-
YaJbHBII pa3pbIB 000JIOYKM, B TO BpeMsA KOrga JmOMAbI OCTAIOTCA XMMMUYECKU
HeU3MeHeHHBbIEe.

I'. HeitrpansHas nporeas’a M JeAMH-aMUHONENTHAA3a, KaxkeTcsa ITOCTOSHHbIE H3M-
MaTuU4ecKye COCTaBHbIE NPAaBUIBHOM MMUSJIMHBL
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J. F. HALLPIKE, C. W. M. ADAMS

PROTEOLYTIC ENZYMES IN MYELIN BREAKDOWN *)

Department of Pathology Guy’s Hospital Medical School, London University,
Great Britain

Proteins are important constituents of ‘the myelin sheath and,
according to present views (Finean, Robertson 1958) serve to maintain
its radial stability by polar linkages with adjacent phospholipids. The
problems to be considered are the relationship between proteolytic
enzyme action and myelin breakdown and the sources of these enzymes
in both experimental and human demyelinating disorders.

Histochemical observations (Wolman, Hestrin-Lerner 1960, Tuqan,
Adams 1961) have shown that the effect of trypsin on unfixed myelin
is the removal of a trypsin-digestible protein accompanied by lose of
a lipid moiety. Proteinases have been isolated from normal brain
(Ansell, Richter 1954, Guroff 1964, Marks, Lajtha 1965) and increases
in endogenous protease activity in pheripheral nerve undergoing
Wallerian degeneration have been found by Porcellati and Curti (1960)
and by Adams and Tugan (1961). The link between proteolysis and
demyelination has also been strengthened by 'the finding of increased
cerebral protease activity in experimental uallergic encephalomyelis
(Gabrielescu 1968) where some of the earliest morphological changes
appear to be due to splitting of the protein layers forming 'the intra-
period line (Lampert 1965). Histochemical evidence of increased proteo-
lytic activity around active plaques of multiple sclerosis has been
referred to elsewhere at this Symposium (Adams and Hallpike, 1969).

A. WALLERIAN DEGENERATION
In spite of the complexity of the changes accompanying Wallerian
degeneration, this model remains the most convenient way of studying

changes occurring after specified periods of myelin breakdown.

*) Supported by the Multiple Sclerosis Society (U.K.).

http://rcin.org.pl



226 J. F. Hallpike, C. W. M. Adams

Rats were subjected to unilateral or bilateral sciatic nerve section.
The gelatin-silver autogram technique (Adams, Tuqan 1961) was used
for the histochemical demonstration of protease activity at pH — 35
and 7-4. Biochemical determinations of proteinase activity in whole
nerve homogenates were carried out at pH 74 using casein as sub-
strate (U.V. absorption at 280 mp) and at pH 3 *5 using gelatin in the
incubation mixture and measuring the release of minhydrin-reacting
products colorimetrically (Matthews, Muir, Baron 1964). Enzyme
activities are expressed as a percentage of control nerve activity and
wet weight changes in degenerating nerves allowed for by relating
results to unit length of normal nerve. Acid phosphatase was
demonstrated histochemically in cryostat sections, post-fixed in acetone,
using p-glycerophosphate, 1. naphthylphosphate and naphthol AS.
TR phosphate ‘as substrates and biochemical estimations in whole nerve
homogenate supernatants using disodium phenyl phosphate (King,
Wootton 1956). L-leucyl-f-naphthyl amidase activity was measured in
the homogenate supernatants (Adams, Glenner 1962).

Histochemical evidence was obtained of increases in protease and
acid phosphatase activity from the second day after nerve section.
These changes were well developed by the sixth day and the distribu-
tion of enzyme activities appeared comparable (Fig. 3 and 4). Bio-
chemical results (Fig. 1) confirmed the early rise in acid and neutrally-

©—® Acid phosphatase

O=ONeutral caseinase i~
4—A Acid gelatinase

#&—a L-leucyl-g -naphthylamidase

700~

500,

300

Enzyme activity % change (control = 100)

Days after nerve section
Fig. 1. Wallerian degeneration.
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Proteolytic enzymes in myelin breakdown 227

-acting proteinases with changes by 12 hours after merve section. Acid
phosphatase activity also increased at an early stage and the protein-
ases and acid phosphatase showed a second more pronounced rise after
6 days. Leucine aminopeptidase activity did not show appreciable
increase until 3 days after section. The relative changes in these
enzymes in the first 6 days of degeneration are shown in Fig. 2.

Acid phosphatase

Neutral caseinase-

Acid gelatinase

/‘\

Enzyme activities % change

A
& A\A/ \‘/

L-leucyl-g-naphthylamidase A/

T

A

D"
D A e, A/

1 2 1 1 1
1 2 3 4 5 6

Days after nerve section

Fig. 2. Wallerian degeneration (early changes). Activity scale for each enzyme
(100—300%0; control = 100.

B. DIPHTHERITIC NEUROPATHY

Intraneural injection of an aqueous dilution of dialysed diphtheria
toxin (Jacobs 1967) was used to produce a localised area of segmental
demyelination in rat sciatic nerves. Histochemical observations were
concentrated on the period between injection of the toxin and the onset
of foot paralysis. Increased proteinase (Fig. 5) and acid phosphatase
activity (Fig. 6) were evident within a week of injection and before
myelin breakdown was advanced.

Neuropat. Pol. 3 2
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C. DISCUSSION

The histochemical findings in Wallerian degeneration and diphtheric
neuropathy show that increased activity of proteinases and acid phos-
phatase occur at early stages of these two pathologically distinct forms
of myelin breakdown. Previous workers (Gould, Holt 1961, Bubis, Wol-
man 1965) found histochemical evidence of acid phosphatase activity
during ‘the first week of peripheral nerve Wallerian degeneration and
considered ithe changes to be primarily axonal in origin. Holtzman and
Novikoff (1965) have described the appearance of lysosomes in axons
within a few hours of nerve section. This evidence of lysosomal parti-
cipation in Wallerian degeneration is extended by the present work
because of the close parallel which has been found between the rises in
acid phosphatase and acid proteinase (cathepsin), enzymes which are both
identified with lysosomes. The likely site of origin of these enzymes
in the first few days after nerve section also needs to take account of
the virtual absence of any release of myelin “marking” enzyme,
L-leucyl-f-naphthylamidase (Adams, et al. 1968), in the first three
days. This suggests that early lysosomal activity occurs within the axon
or Schwann cell. The findings in diphtheritic neuropathy are consistent
with the conclusions of Weller and Mellick (1966) that lysosome and
acid phosphatase production within the Schwann cell accompany the
earliest morphological signs of myelin breakdown.

D. IN-VITRO EFFECT OF DEGENERATING NERVE HOMOGENATE
ON. NORMAL MYELIN

Although it can be shown that different forms of myelin breakdown
are associated with increased proteolytic enzyme activity a causal
relationship between the two processes is difficult to establish and it
was therefore decided 'to investigate the effect of enzymes released
during Wallerian degeneration on intact myelin.

Distal portions of rat sciatic nerves, ten days after section, were
homogenized by hand in ice in 0,05 M sodium acetate buffer at pH 3 - 5
(25 mg. merve/ml). Supernatants were prepared from degenerating and
control nerves by centrifuging at 3000 r.p.m. for 20 min. and kept at
0°C until used on the same day. Unfixed cryostat sections of normal
rat brain and sciatic nerve were incubated at 37°C with supernatants
from degenerating and control nerves and the buffer alone. Sections
were examined under polarized light at intervals and also stained
with 0°1% trypan blue (pH 50).
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The effect of degenerating nerve homogenate-supernatants in
reducing peripheral nerve trypanophilia is shown in Fig. 7. Comparable
effects were observed in brain white matter after shorter incubation
periods. Evidence of physical disintegration of myelin was provided
by the rapid appearance of large numbers of myelin buds with
birefringent properties under polarized light (Fig. 8) in supernatant-
-treated sections. The provisional conclusions drawn from this experi-
ment are that some of the effects of trypsin on unfixed myelin can
be reproduced by degenerating nerve homogenate-supernatants to
a greater extent than by supernatants derived from normal nerve or by
buffer alone. These supernatants are known to be rich in proteolytic
enzymes and demonstration of their ability to damage mormal myelin
would clearly be pertinent to any causal role in demyelination. Myelin
bud formation has been recognized (Leathes 1925, Wolman 1965) as
a reliable guide to myelin breakdown but critical factors are kmown
to include 'the nature and concentration of certain cations in the
medium. A more detailed account of this work (Hallpike and Adams,
to be published) will include fuller mention of these aspects and the
results of enzyme inhibition studies.

E. CONCLUSION

There is now sufficient evidence to associate the activity of proteo-
lytic enzymes with myelin breakdown. In Wallerian degeneration and
in diphtheritic neuropathy increased enzyme activity which seemed to
be wholly or partly lysosomal in origin was observed and in the
former the earliest enzymic changes seemed to 'take place in the axon
or Schwann cell rather than the myelin sheath. Further work using
enzyme “markers” for certain organelles and combining quantitative
studies with subcellular fractionation should add to our knowledge
of the source of digestive enzymes in myelin breakdown — whether
they are derived from lysosomes, myelin membrane or some other
subcellular particle. Ideas thus obtained may well find application 'to
the wider problems of the events leading upto demyelination and of
human demyelinating disease.

J. F. Hallpike, C. W. M. Adams
ENZYMY PROTEOLITYCZNE A ROZPAD MIELINY
Streszczenie

1. Przedstawia sie pokrétce dane lgczgce proteolize z rozpadem mieliny.
2. Wrost aktywno$ci enzymoéw proteolitycznych oraz kwasnej fosfatazy poja-
wil sie w zwyrodnieniu Wallera w 12 godzin po przecigciu merwu poprzedzajgc
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przypuszczalne uwolnienie z mieliny L-leucyl-f-naftylamidazy;

3. Wzrost aktywno$ci enzyméw proteolitycznych oraz kwasnej fosfatazy byly
badane histochemicznie we wezesnych stadiach segmentowej demielinizacii.

4. Niektore z efektéw dziatania trypsyny ma nieutrawalong, prawidlowsg mie-
line mogg by¢ powtérzone przez homogenaty z wyrodniejgcych nerwoéw obwo-
dowych.

5. Dyskutuje sie znaczenie miniejszych badan idla wyjasnienia przypuszczalnej
roli lizozoméw w procesie rozpadu mieliny.

@, Xoannaikg, 1. B. M. Axamc
ITPOTEOJIUTUYECKUE P®EPMEHTEBI B PA3JO2KEHMUU MUISJIMHA

ConepxaHue

1. Kparkum o6pa3om mu3yaraloTcs AaHHBIE COEAMHAIOLIEe IIPOTEOJ N3 C pPa3jozKe-
HYEM MMIJIMHA,

2. YBeJu4yeHMe aKTMBHOCTM IIPOTEOJUTHMYECKMX (DepMEHTOB M Kmcioin docdarasni
TIOABMJINCHL B BaJIJIEPOBCKOM BBIPOXKAEHMM B 12 HacoB mocje mepepe3a HepBa
IpeAilIecTBYsA BEPOATHOE YBOJEHMEe M3 MMIJIMHA L-jeiunH-f-madTmiaMmuaasbl.

3. VYBenmyeHue aKTMBHOCTY ITPOTEOJUTHYECKUX (DEPMEHTOB M KucJjoit hoccarassl
JICCIIeI0BANIMCh TMUCTOXMMMYECKMMY METOAaMM B PaHHMX CTagUAX CErMEeHTHO
AEeMM3JIMHN3ALNAN.

4. Hergoropble 3(deKTbl JeiCTBUA TPUIICMHA Ha HeMUKCUMPOBAHHBIA, HOPMaJb-
HBIf MUJIMH MOZKHO IIOBTOPUTBH JIEMCTBMEM TIOMOTE€HATOB M3 JeTeHepMPYIOIMX
nepudepmIecKuX HEPBOB.

5. OOcyzkpaercs 3HaYeHMe IPOBEAEHHBIX MCCIAENOBAHMIA JJIA IOHMMAHMUA IIPEAro-
JlaraeMoil poJiy JIM3030MOB B ITpPOLlecce Pa3JIOZKEHMUA MMIJIMHA.
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Fig. 3. Protease activity in Wallerian degeneration, 8 days. Gelatin-silver
method, pH 35 X 620.
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Fig. 4. Acid phosphatase activity, Wallerian degeneration, 8 days. Gomori, X 620.
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Fig. 6. Acid phosphatase activity one week after diphtheria

toxin injection.
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Fig. 8. Birefringent myelin buds in brain treated with

degenerating nerve homo-
genate supernatant. Polarised light, X 620.
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I. N. ULYBINA

HISTOCHEMICAL DEMONSTRATION OF PHOSPHOLIPIDS
IN THE NERVOUS TISSUE

I. P. Pavlov Institute of Physiology USSR Academy of Sciences, Leningrad, USSR

Histochemical methods for demonstration of tissue phospholipids,
including the phospholipids of mnervous tissue have a number of
essential shortcomings, and results obtained with their help are
difficult to interpret (Bourgeois, Hack 1962). None of the existing
methods of demonstration of phospholipids guarantees even relative
specificity for phospholipids. Moreover not one of them is reliable as
regards quantitative preservation of the content and subce.:llular
distribution of phospholipids in the tissue.

Many stages of tissue preparation for histochemical study have no
satisfactory chemical explanation both qualitatively and quantitatively.
Further development of histochemical methods of study of tissue
phospholipids can be based only on a more detailed knowledge of the
chemical processes taking place in tissue under the influence of
various reagents.

Histochemical demonstration of phospholipids both by light and
electron microscopy is connected with the necessity of using organic
solvents for the treatment of tissue mainly alcohols which extract
phospholipids from tissue (Morgan, Huber 1967). v

According to Curri (1965) xylene or toluene used for embedding of
tissue sections in paraffin and for the following deparaffination, also
remove from the tissue considerable amounts of phospholipids. To
prevent the loss of lipids from the tissue such fixatives have been used
which stabilize lipids in the tissues. In experiments with freezing
sections mostly Baker’s fixative (10% neutral formol with 1% calcium
chloride) is used. Most probably calcium ions induce complex forma-
tion of phospholipids with proteins and other substances, thus pre-
venting diffusion of phospholipids into the fixative solution or into
other solutions in the subsequent treatment of tissue (Pearse 1960).
The process of chromation that follows the fixation is used in a number
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of methods for demonstration of phospholipids and is based on the
fact that phospholipids combine specifically with chromium salts; it is
supposed that this process reduces the possibility of phospholipids
being extracted by organic solvents (Elftman 1954). In cases when it
is mecessary 'to embed the tissue in paraffin, besides longer post-
chromation, fixatives containing chromium are also used such as:
formol-saturated Reinecke salt, Lewitsky, Zenker, Helly and other
fixatives, which from the very beginning play an active role in forming
difficultly soluble complexes of phospholipids with chromium salts.
It is quite possible that each stage of treatment of tissue can lead to
quantitative and qualitative changes of phospholipid content in the
structures under study (Brante 1949, Heslinga, Deierkauf 1961, Pulido
1966).

The aim of ithis work was ‘to estimate the changes in the content of
phospholipids which take place in the nervous tissue at different
stages of its preparation for histochemical demonstration of phospho-
lipids. We also wanted to find out whether ithis procedure influences
the phospholipid content in the tissues or their extractability by organic
solvents. With this purpose in view we carried out the chemical analysis
of the content of the lipid phosphorus in the nervous tissue at various
stages of routine treatment for histochemical demonstration of phos-
pholipids.

MATERIAL AND METHODS

The cerebellum of white Wistar rats was used. Half of the cerebel-
lum weighing 100—120 mg was taken for each sample since it is
aproximately the volume of the tissue sections usually taken for histo-
chemical treatment. Extraction of lipids both from intact tissue and
from that preliminarilly treated with various reagents was carried out
after Folch et al. (1957); lipid phosphorus was determined after
mineralization according to the method of Fiske-Subbarow. The content
of lipid phosphorus in fresh tissue expressed in ng per gram of
tissue was taken as 100% (control). In all other series of determinations
tissue samples were either fixed by different methods used in histo-
chemical demonstration of phospholipids or treated by the reagents
used at various stages of histological procedure for embedding in
paraffin: alcohols, xylene and its mixture, on fresh and fixed tissue.
At each stage the amount of extracted lipid phosphorus was determined.
Its content was also measured at different stages of tissue treatment
by the Baker test after fixation and chromation for different periods
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at room temperature and at 60°. We studied the effect of pyridine
which is usually used with ithe purpose of control of the specificity
of Baker’s method. Fresh tissue as well as the tissue after fixation
and during embedding in paraffin was extracted with pyridine.

RESULTS

The effect of various fixatives on the content of phospholipids is
similar and the lipid phosphorus extracted by a chloroform-methanol
mixture from the fixed tissue accounts for approximately 80—90% of
the control (Fig. 1). Neither Baker’s fixative, considered to be the best
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IFig. 1. Effect of fixation on quantity of lipid phosphorus extracted.
(Fig. 2. Lipid phosphorus extractable after histological treatment.

for phospholipids, nor fixatives containing chromium differ in this
respect from fthe standard histological fixative — Bouin solution.
It would seem that in the course of fixation a part of the phospholipids
loses its extractability by the chloroform-methanol mixture.

If fresh tissue is placed in alcohols of increasing concentration for
3 hrs a high loss of lipid phosphorus is observed (chloroform-methanol
extracts 45%) (Fig. 2). When the tissue treated with alcohol is subjected
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to a mixture of equal amounts of 100% alcohol with xylene and to
the effect of xylene only, then from the minced tissue only 26% of the
lipid phosphorus content of the control can be extracted. In this
series of experiments when the tissue was initially fixed by formol
with calcium chloride or by the same mixture saturated with Reinecke
salt, 3-hr treatment by the alcohols led to a smaller loss of phospho-
lipids. It is probable that fixation plays a stabilizing role in this case.
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Fig. 3. Lipid phosporus extractable after extraction with the help of pyridine.
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However after treatment with xylene even after fixation, subsequent
extraction with chloroform-methanol gives about 40% of lipid phos-
phorus from the minced tissue. After complete histological treatment
with embedding in paraffin and releasing the sections from paraffin,
about 20% of lipid phosphorus extracted with chloroform-methanol,
remains in the tissue. In the experiments when releasing from paraffin
with xylene and treatment in alcohols of decreasing concentration took
place in sections of 10 w only as little as 2—5% of lipid phosphorus,
of its amount in the fresh tissue, can be extracted from them (as in
standard histological investigations). Thus, a great difference is observed
in the content of lipid phosphorus depending on whether the pieces
or the sections of 'the tissue were ftreated with xylene and alcohols.

Extraction of fresh tissue with pyridine gives rise to approximately
the same results as extraction of tissue fixed by different mixtures,
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nonextracted lipid phosphorus accounts for 5—9% in all cases (Fig. 3).
The complete histological treatment with embedding into paraffin and
removal from it results in still greater losses of lipid phosphorus (the
remainder forms only 2—3% of the initial quantity).

The amount of lipid phosphorus determined in brain tissue treated
by Baker’s test for histochemical demonstration of phospholipids
accounts for about 40% of its content in intact tissue. The process of
chromation at high temperature proceeds faster than at room
temperature (Fig. 4). Apparently in this process temperature plays
a more essential part than time, since even long chromation (96 hrs at

room temperature) does not give such an effect as does chromation
for 24 hrs at 60°.

It was of interest to elucidate at which stages of the Baker acid
haematein test, such a considerable loss of lipid phosphorus takes place.
The loss at fixation with formal with calcium chloride was 17%. In-
vestigation of the fixing mixture and dichromate potassium solution
used for the chromation showed the absence of lipid phosphorus in them.
To achieve a more complete extraction of phospholipids from chromated
tissue, that is to extract phospholipids firmly bound to protein, we used
an additional extraction with hot neutral and then acidic chloroform-
-methanol (20:100:1). On hot extraction from chromated tissue an
additional 6% of lipid phosphorus was extracted and the same after
extraction with the acidic mixture of chloroform-methanol. Thus, it
became clear that about 30% phosphorus bound to lipid remains in the
tissue in the form of a stable complex with chromium salts and that
this complex is extractable neither by a neutral cold or hot, nor an
acidic chloroform-methanol mixture. Such a stabilization of phospholipids
in the tissue by means of its treatment with chromium containing
reagents is a chemcial base for Baker’s, Elftman’s and other methods
suggested for the histochemical demonstration of phospholipids.

It was also interesting to elucidate which groups of phospholipids
are stabilized in course of chromation to a greater or lesser degree.
The data obtained in preliminary experiments indicate that the firmest
bonds with the chromium salts as the result of the chromation are
formed by phosphatidylethanolamine.

We believe that one of the lines along which neurohistochemistry
should develop is the elucidation of closer correlations between the
histochemical pictures in the mervous tissue and their biochemical
bases, in order to substantiate the so far empirical demonstration of
phospholipids in various structures of the nervous tissue.
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I. M. Ulybina

NIEKTORE ZAGADNIENIA HISTOCHEMICZNEGO WYKRYWANIA
FOSFOLIPIDOW W TKANCE NERWOWEJ

Streszczenie

W czasie utrwalania, chromowandia oraz histologicznego przygotowania tkanki
dla histochemicznego wykazania fosfolipidéw, spada znacznie zawarto$é fosforu
w lipidach, ktéry jest ekstrahowany mieszaning chloroform-metanol (2:1).

Przeprowadzono badania chemiczne mad zawarto$cia fosforu lipidowego
w mézdzku szczuré4w po zadzialaniu na tkanki odczynnikami na réznych etapach
metod stuzgecych wykryciu fosfolipidow.

Po wtrwaleniu tkanka tracita 80—90% fosforu lipidowego W poréwnaniu
z tkankg Swiezg. Dzialanie na $wiezg tkanke etanolu i ksylenu spowodowalo
spadek iloSci fosforu lipidowego do 26%. Jednakowoz, uprzednie utrwalenie
tkanki prowadzi do mniejszych istrat fosfolipidaw w etanolu i ksylenie. W czasie
chromowania wg Bakera, okolo 30% fosforu mwigzanego z lipidami pozostaje
w tkance w trwalym =zwigzku z solami chromu. Kompleks ten mnie podlega
ekstrakeji ani obojetng ani zakwaszong, ani tez gorgca mieszaning chloroformu
z metanolem.

Stabilizacja fosfolipidéw przez zadzialanie na tkanke odczynnikami zawieraja-
cymi chrom stanowi podstawe szeregu histochemicznych metod wykrycia fasfo-
lipid6ow.

W. H. YasiouHOM!

HEKOTOPEIE BOIIPOCBEI T'MCTOXMMMUYECKOI'O BBISIBJIEHWSA
DOCPOJUIINIOB B HEPBHOW TKAHU

CogepxaHue

IIpn cburcanmy, XpoMupoBaHMM ¥ B HPOLECCE TMCTOJOTMYECKOoi o6paboTKM TKaHU
AJA TUCTOXVMMMYECKOTO BBIABJEHMA (DOCHOMMUMNUAOB 3HAYUTENLHO CHUZKAETCA KOJIU-
4ecTBO JummpHoro cocdopa, 9KCTparnpyeMoro cmechbio xXJopodopMm-MmeraHosa (2 :1).

IIponsBoaMaOCE XMMMUYECKOe ompezeeHne JumupHoro doccopa B HaBECKAX MO3=-
JKe4yKa KpbIc mocie ob6paGoTKyM TKaHM PeakTMBaMM Ha Pa3JIMYHBIX 9Tarax MeTO[O0B
BBIABJEeHNA hocdoanmniaos.

Ilocne cmrcauym n3 TRaHu u3BJekanock 80—90% munmanoro choccopa or copep-
pxaHua ero B cBexell TKaHu. O6paboTKa cBeKeil TKaHM CIOMPTOM M KCUJIOJIOM
BBI3bIBAJIa CHMIKEHME KoamudecTBa JummpaHoro doccopa ao 26%. OxHako npexsa-
purenbHad (MKcauMa TKaHM IPUBOAUT K MOTEPEe MEHbIUMX KOJM4YecTB dhocdoammm-
0B B crmpre M Kemyodsre, IIpu XpoMmupoBaHmm 1o Meroxy Bakepa okoso 30°% doc-
dopa, CBA3AHHOIO C JMOMAAMM, OCTAETCA B TKAHM B IPOYHOM COEAMHEHMUM C COJIAMM
Xpoma. DTOT KOMIUIEKC He 9SKCTParuMpyercda HeMTPaJbHOM, KMCJIOMK M Tropsdein cMe-
cAMM XJIopohopM-MeTaHoJIa.

Crabmmmsamma cochommmaos nyrem o0pabGoTKM TKaHM XPOMCOJepIKallliMMU
PeaKTHMBaMM SABJIAETCA XMMMUYECKON OCHOBON pAAA I'MCTOXMMMYECKMX !1€TO/I0B BbIABIIE-
Hua docdoanmmaos.
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J. DOBBING

THE INFLUENCE OF GROWTH RETARDATION ON MYELINATION

Department of Child Health University of Mamchester, England

The purpose of 'the experiments to be described was to detect any
long term effects in the adult brain of growth restriction during the
fastest period of the brain’s early growth.

METHODS

The growth rate of rats is varied during the suckling period by
varying 'the litter size. Maximum mnutritional rehabilitation of small
weanlings from large litters is achieved by allowing ad libitum food
from weanling onwards. In rats the period of the brain’s fastest growth
is entirely postnatal and within the suckling period. By this procedure,
large litter animals are ‘therefore having their milk supply quite
moderately restricted at this time. In humans the comparable period of
brain development is from about eight weeks before birth to about
one year afterwards.

The growth of the brain and its ultimate adult state is assessed by
using meurochemical indices of cell number, degree of myelination etc.,
since the techniques of quantitative histology are much too laborious
at present.

It is planned to investigate some behavioural correlates in animals
which have been subjected to the same experimental conditions.

FINDINGS

Severe and prolonged starvation of adult animals produces no
detectable reduction in brain weight nor in ‘the brain’s detailed
chemical composition. By contrast, the mild regimen described above
imposed during the brain’s “growth spurt” results in permanent
reduction of brain weight and brain cell numbers. These reductions,
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however, may not have functional significance since they are accom-
panied by a corresponding permanent deduction in body size.

Of more possible significance is the finding that the degree of
myelination as measured by myelin lipid concentration (per gram wet
weight) is found to be permanently reduced in surviving adults to
an even greater extent than would be expected from the reduced
brain size.

These findings are not regarded as being specifically relevant to
behaviour. The role of myelin is largely unknown, and it is of course
equally uncertain which alternative substances should be estimated as
indices of mental function. However, this easily demonstrable model
provides a tangible example of permanent restiction of one develop-
mental process in the brain which can be achieved by comparatively
mild physical stress, provided it is imposed during a vulnerable or
critical period of growth. It is probable that many other components
of physical brain development can be similarly affected, possible
including some which have behavioural significance.

J. Dobbing
WPLYW ZAHAMOWANIA WZROSTU NA PROCES MIELINIZACJI
Streszczenie

Ostra glodowka prowadzaca do Smierci, zastosawana wobec dorostych zwie-
rzat nie wywiera Zadnego wplywu na rozmiar czy tez sklad mézgu, jak i na sklad
mieliny. Przeciwnie niewielki stopien ograniczenia zywienia, zastosowany w cza-
sie gwattownego wzrostu mézgu powoduje stale zmniejszanie sie rozmiaru, liczby
komorek i zawarto$ci lipidéw w mielinie, ktére to zmiany pozostaja pomimo
nastepczego odzywiania ad libitum (Dobbing, 1968).

Powody tej miemozno$ci wyrdéwnania niedoboréw mabytych w okresie wrazli-
wosci mozgu zwigzanym z jego rozwojem s przedmiotem miniejszych badan.

Jx. JMobbuur

BIIMAHUE 3AMEIJEHUSA BO3PACTA HA IIPOIIECC MUBJIMHUIALIN
CoxzepxXaHue

Ocrpoe rojlofoBaHMe BeAyllee K CMEPTM B3POCJIOTO JKMBOTHOTO HE IIPOM3BOAUT HM-
KakKoOro BJAMAHMA Ha pa3Mep JJIM COCTaB TOJIOBHOIO MO3ra ¥ Ha COCTaB MMSJIMHA.
IIpoTMBOMONIOKHO HEGOJBIION CTEeHN OrPaHMYEeHMe NMUTAHWUSA IIPMMEeHEeHHOe BO BpeM:A
OypHOro BO3pacra IrOJIOBHOTO MO3ra BBI3bIBA€T IIOCTOSHHOE NajeHue BeJMYMHbI, KC-
JMYECTBA KJIETOK M COJAEPIKaHUA MMOJIVHOBBIX JMIINAOB, NIIPM HeM 95TM M3MEHEHUA
OCTAIOTCA ITOMMMO IIOCJIeAyIollero nmurauua 6e3 orpaHmdenmit. (Jo66mur, 1968).
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IIpyuMHBl BeAylMe K HEBO3MOMKHOCTM KOPPEKTYpPbl 3THMX jAeduunurTo mnpuobpe-
TEHHBIX BO BPEMs IlepMojia Pa3sBUTMUA IOJOBHOTO MO3ra ABJAIOTCA IPEAMETOM HaCTOA-
1ieil padboThI.
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ENZYME HISTOCHEMISTRY OF THE MYELINATION GLIOSIS

Department of Neurology and Department of Obstetrics and Gynaecology:
Medical Academy, Poznan (Poland)

The myelinogenesis of nervous fibres, one of the basic developmental
events in the central nervous system is causatively connected with
the entirety of maturation phenomena of the neuroglia cells, commonly
designed as myelination gliosis (Roback, Scherer 1935; de Robertis
et al. 1958; Mitrova 1963; Hillebrand 1966).

The problem of metabolic alterations in the neuroglia in course of
myelination gliosis was raised by the histochemical studies of Friede
(1961) and Yonezawa et al. (1962). The above mentioned process was
investigated with respect to changes in ‘the activities of some phos-
phatases and esterases of the meuroglia, in our three subsequent papers,
using white mice (Wender and Kozik — 1968), rabbits (Wender et al.
1969) and human infants (Wender et al. 1969).

The aim of this paper is a comparison of results obtained in these
different species, which should provide more information and thus
allow to draw a more generalized significance of these findings.

MATERIAL AND METHODS

Studies were performed on 30 white mice, 42 rabbits and 16 cases
of human infants. The material of mice was divided into 5 age-groups
with 6 animals in each: 5, 10, 14, 20 and 70 days and of rabbits into
7 age-groups: foetuses in 25th day of uterine life, and 1, 3, 12, 30, 48,
120 days and 1 year. The human material comprises 16 infants 22 to
37 weeks-old, who died in first three days of life.

The brains were removed between 10 and 60 minutes after the death,
and immediately thereafter fixed in 10% formol-calcium at 4°C for
18 hours. The same fixation was used for animal malterial.

The activities of following enzymes were studied: acid and alkaline
phosphatases, thiaminepyrophosphatase, adenosinetriphosphatase, non-
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-specific esterase, 5’-nucleotidase, acetylcholinesterase, non-specific
cholinesterase and aryl sulphatase.

For details concerning methodology, the following references are
given for the individual enzymes; acid and alkaline phosphatases (Go-
mori 1953); TPP-ase (Novikoff, Goldfischer 1961); ATP-ase (Wachstein,
Meisel 1957); non-specific esterase (Holt 1966); 5-nucleotidase (Scott
1965); AChE and ChE (Gerebtzoff 1953); aryl sulphatase (Rutenburg
et al. — 1952). Deposition of lipids was controlled by staining with oil
red O or sudan black B. The actual state of myelination and the glia
cytology was studied by routine methods such as the Spielmeyer,
Woelcke, Nissl, h + e, Hortega and Cahal techniques.

RESULTS

As it is not our aim to present a thourough demonstration of myelin
staining and enzyme histochemistry of the myelination gliosis, which
is to be found in our previous papers, we shall only discuss the
observed species differences.

Acid phosphatase. As a basic observation the strong acP-activity
distributed in neuroglia cells of ithe white matter during the myelin-
ation gliosis in all examined species (mice, rabbits, human infants)
should be emphasized. In the mature brain no acP activity was
observed in the meuroglia of white matter.

Alkaline phosphatase. The meuroglia of white matter in mice and
rabbits lacked any alkP activity, including the myelination period.
In neuroglia cells of the cerebral hemispheres in the human infants’
brain a weak reaction was present, but no changes appeared in course
of myelination gliosis.

Thiaminepyrophosphatase. In mice, rabbits and human infants there -
is a very characteristic rise in the TPP-ase activity within the cyto-
plasm of neuroglial cells in course of myelination gliosis (Fig. 1 and 2).
The strongest activity in form of distinct lamellae and granules was
revealed in ithe neuroglia of the myelination clusters. In adult rabbits
but not in mice a part of the oligodendroglia in ithe white matter
retains a weak intracytoplasmic TPP-ase activity.

Adenosinetriphosphatase. The immature mneuroglia of the white
matter in mice, rabbits and human infants displays an ATP-ase reaction,
with a marked intensification of this activity during myelination
(Fig. 3). Yet in the adult rabbits and mice the ATP-ase reaction in
the interfascicular oligodendroglia is megative.

Non-specific esterase. The neuroglia of the white matter shows only
in the immature brain of human infants a positive reaction for mon-
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-specific esterase. In rabbits the non-specific esterase activity is visible
during the early periods of the extrauterine development in form of
small spindles and granules inside the myelinating merve fibres, but
without any conspicious localization in the neuroglia cells.
5’-nucleotidase. This enzyme activity was demonstrated in the neu-
roglia of the cerebral white matter in course of myelination but only
in rabbits. The reaction in the mature oligodendroglia was mnegative.

Acetylcholinesterase. The studies of AChE activity revealed distinct
species differences. The mouse brain is characterized by a well defined
AChE activity in the developing neuroglia during the period of
myelination and by a complete absence of this activity in the neuroglia
of the mature cerebral white matter (Fig. 4). In rabbits there is no
AChE activity demonstrable in the neuroglia of the myelination
gliosis, whereas some mature oligodendroglia cells at the late period
of extrauterine development (30 and 48 day-old animals) exhibit
AChE activity. In human infants only singular developing neuroglia
cells of the cerebral white matter demonstrate the presence of small
intracytoplasmic granules.

Cholinesterase. A positive reaction for ChE was visualized in the
mouse brain in many meuroglia cells during the early period of extra-
uterine development (5th and 10th day of life) (Fig. 5), which than
disappeared in the adult white matter. The ChE activity in the neuroglia
of the rabbit’s cerebral white matter instead increases during brain
maturation reaching top intensification in the adult interfascicular oligo-
dendroglia, without any preferential sharp increase during the period
of myelination (Fig. 6).

In the brain of human infants only in some neuroglial cells a weakly
positive reaction for ChE in the form of small granules is visible.

Aryl sulphatase. In all three examined species a clear ASS activity
was evident in bundles of myelinated mervous fibres of the brain.
In the rabbits and human infants this reaction was found even prior
to the histologically established myelination of nerve fibres. The reaction

for ASS was found neither inside the immature nor in the mature
nreuroglia cells.

DISCUSSION

The development of the membrane system enveloping the mnervous
fibres, known as the myelination process is preceded by a mumerical
increase of the meuroglia cells, by their maturation and differentiation.
(Roback, Scherer 1935; Fleischhauer 1\968).
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According to our histoenzymatic studies regardless of some species
differences, the general pattern of myelination gliosis is designated
also by increased enzyme activities along with the morphological
differentiation of immature neuroglia cells, which points to its general
biological significance. In the mouse brain the process of myelination is
disfinguished by the raised activity of acP, ATP-ase, TPP-ase, AChE
and ChE in the neuroglia and in ithe rabbit by the increased activity
of acP, ATP-ase, TPP-ase and 5-nucleotidase. In the neuroglia of
human foetuses, in course of myelination gliosis, only the ATP-ase and
TPP-ase activities were markedly elevated, and that of acP appeared
moderately increased.

The obvious correlation between the order of histologically detectable
myelination and the increase of enzyme activities in the neuroglia
should be pointed too. It should also be emphasized that it is the
clusters of meuroglia cells, which display the apparently highest
enzymes activities. This is a most characteristic picture for the early
period of myelination, indicating a special significance of the enhance-
ment of enzymic processes for myelinogenesis.

In course of further development the activity of the said enzymes
in fthe interfascicular oligodendroglia diminishes or even disappeares
completely.

The exact significance of the observed increase of enzymic activities
in the neuroglia during the process of myelination is difficult to explain.
The activity of TPP-ase serves as a histochemical marker for the
Golgi apparatus. Hence the observed enhanced activity of the enzyme
in the meuroglia taking part in the myelination of the mnerve fibres
might indicate that the Golgi apparatus is relevant for metabolic
processes involved in laying down of the myelin sheath substances.

The role of ATP-ase in the metabolism of the brain neuroglia is not
yet fully understood, but its very probable connection with the ATP —
ADP system suggests a significance of that enzyme in generating energy
for the increased lipid and protein turnover during myelinogenesis.

The rise of acP activity, one of the lysosomic enzymes, seen also
in hypertrophy and proliferation of the glia in pathological processes,
seems to be joint with the increased nucleic acids’ metabolism.

M. Wender, M. Kozik, T. Wojciechowski, M. Owsianowski
HISTOCHEMIA ENZYMOW W GLIOZIE MIELINIZACYJNEJ

Streszczenie

W pracy poréownano wyniki badan histoenzymatycznych neurogleju u bialtych
myszy, Szczurow oraz w materiale ludzkim.

http://rcin.org.pl



Myelination gliosis 249

Badano aktywno$é mnastepujacych enzymoéw: acP, alkP, TPP-azy, ATP-azy,
nieswoistej esterazy, 5-nukleotydazy, AChE, ChE i ASS,

Jak stwierdzono, niezaleznie od pewnych réznic gatunkowych, glioza mielini-
zacyjna charakteryzuje sie wzrostem aktywnoSci enzymatycznej (fosfataz i este-
raz), rownolegle z roéznicowaniem niedojrzatych komoérek neurogleju. Stwierdzono
istnienie wyraznej korelacji pomiedzy kolejnoScia mielinizacji poszczegblnych
ukladéw wibékien nerwowych a wzrostem aktywno$ci enzymatycznej neurogleju.
W dalszym okresie rozwoju moézgu aktywno$é enzymatyczna w oligodendrogleju
obniza sie lub nawet znika calkowicie.

Wazrost aktywnosci TPP-azy w mneurogleju w czasie procesu mielinizacji zdaje
sie Swiadezyé o znaczeniu aparatu Golgi’ego w procesach metabolicznych zwig-
zanych z odkladaniem skladnikéw oslonek mielinowych, a ATP-azy o znaczeniu
tego enzymu w procesach energetycznych powigzanych ze wazrostem przemiany
lipidow biatek w czasie mielinogenezy.

Zwiekszenie aktywno$ci acP, zjawisko wystepujgce réwniez czesto w proce-
sach patologicznych, powigzanych z rozrostem i rozplemem gleju, wydaje sie
by¢ powigzane ze wazrostem metabolizmu kwaséw mnukleinowych komoérek neuro-
gleju.

M. Bouzgep, M. Ko3uk, T. BoiexoBckyu, M. OBCAHOBCKM

TUCTOXMMUSA SEPMEHTOB B MUDJIMHUI3NPYIOIIEM IJIVMO3E
CoxpepxaHue

B pa6ore cpaBHATCA pPe3yabTaTbl IMCTOXMMMYECKMX MCCIEZOBAHMII HEPOTInu
y OenbIX MbIlleil, KpbIC ¥ 4YeJloBeKa. JViccjenoBany aKTUBHOCTM ciaefymoumx dep-
MEHTOB: KMCJION M HaJnKaJdn4dHoi docdaras, TmamuHosoy rmmpodocdarassl, ATP-a3sbl,
HecIreIM(UYHOM 3cTepasbl, H-HYKJIEOTHA3bl, aLeTUIXOJMHICTEPa3bl, XOJMHICTEepPas3bl
¥ apui-cysibgarasbl.

KoHcTaTnpoBaay, 4To HE3aBMCMMO OT HEKOTOPBIX BMUAOBBIX Pa3JIyymii, MUSJIUHM3N-
PYIOIIMIT IIM03 XapaKTepu30BaH yBeJIMYeHMeM SH3MMAaTM4YecKoil akKTuMBHocTH hocca-
Tasz M 9cTepas’ IapajienbHo K AnddepeHIpPOBKe HE3PeNbIX KJIETOK HepOIJnu.
KoHCTaTnpoBalyu TakzKe CYIeCTBOBaHME YETKOTO COIJIACOBAaHMA MEXKJYy IOCe/CTBUEM
MUSJIVMHU3ALUUY OTAENbHBIX CYCTEM HEPBHBIX BOJIOKOH JM yBeJIWYEHMEeM SH3UMaTUIecKOn
aKTUMBHOCTM HeMporauy. B odepemsHoM I[Iepuoje pas3BuTus Mo3ra depMeHTaTMBHaA
AKTUBHOCTB OJIMIOAEHAPOTIMA MAJIEET MM COBEPILIEHHO ycye3aeT. YBeJudyeHue akTVB-
HOCTM TMaMMHOBO rmpoddoccarTassl B Heliporamnyu BO BPEMA Npoliecca MMUSIMHU3ALMMA,
CBUJIETENILCTBYET KarkeTcd, O 3HadeHuy anmapara I'oJbAzKyu B OOMEHHBIX lIpoleccax
CBA3AHHBIX ¢ (DOPMUPOBKOM KOMIIOHEHTOB MMIJIMHOBBIX o0oyouek, a ATP-a3bl 0 3HaA-
YeHuM STOro bepMeHTa B 9SHEPreTMHeckux Ipoleccax CBA3AHHBIX C YBeJW4YEHUEM
obMeHa JMIONIPOTEMAOB BO BpPEeMA MusJjoreHesa.

VBeanyeHue aKTMBHOCTM Kucioi ocdara3pl, HabiaogaemMoe TakKe NaTOJOTM-
YeCKMX Ipoleccax CBA3AHHBIX C pa3pacTaHyMeM IVIMM, KaxkeTcA CBA3aHHBIM C YBeJu-
yeHyeM oOMeHa HYKJIEMHOBBIX KMCJIOT KJETOK HEepOTIJINN.
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Fig. 1. Rabbit — 12 days old. TPP-ase activity is visible in the clusters of
neuroglial cells in the corpus callosum. X 50.

Fig. 2. Infant — 31st week of menstrual age (weight 1280 g). Neuroglia in the
cerebral white matter shows the intracellular TPP-ase activity. X 200.
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Fig. 3. Mouse — 10 days old. The clusters of neuroglial cells in the corpus
callosum demonstrate the distinct ATP-ase activity. X 16.

Fig. 4. Mouse — 14 days old. The negative reaction of AChE in the meuroglial
cells and in the nerve fibres. The marked AChE activity in the basal ganglia
and in other grey structures. X 10.
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Fig. 5. Mouse — 10 days old. The ChE activity in neuroglia cells in the corpus
callosum. X 180.

Fig. 6. Rabbit — 120 days old. The distinct ChE activity in the interfascicular
oligodendroglia. X 70.

http://rcin.org.pl



BIOCHEMISTRY OF MYELIN AND DEMYELINATION

A. N. DAVISON

THE BIOCHEMISTRY OF MYELINOGENESIS

Biochemistry Department, Charing Cross Hospital Medical School, London
Great Britain

Up to a few years ago ideas about the chemical composition of
myelin had necessarily to be deductive. However, it is now ‘possible
to isolate a relatively pure myelin fraction from homogenate of nervous
tissue and directly determine its composition (August et al. 1961,
Autilio et al. 1964). Analysis shows that isolated myelin contains
cholesterol, phospholipids and galactolipids (cerebrosides + sulphatides)
in the molar ratio of approx. 2:2:1 and this composition is similar in
all vertebrate species (Cuzner et al. 1965). Myelin accounts for a higher
proportion of lipid than any other brain subcellular structure and its
lipid content is greater than that of other types of biological membrane.
At least 44% of the total brain cholesterol and 68% of the cerebroside
is present in myelin.

Myelin contains about 25—30% of its dry weight as protein. Besides
containing about 60% of a chloroform-methanol (2:1 v/v) soluble
protein (proteolipid protein), a basic encephalogenic protein and a third
insoluble protein are also present in myelin of the central nervous
system. Compared to other membranes myelin is remarkable in its
relative enzyme inactivity (Adams et al. 1963); small amounts of
leucine aminopeptidase and proteolytic activity, and rather more
2, 3-cyclic nucleotide 3'-phosphohydrolase activity (Kurihara, Tsukada
1967) have been detected in crude myelin fractions but the exact
localisation and the possible role of these enzymes is as yet unknown.

Earlier work with a wvariety of radioactive precursors and with
{4-14C] cholesterol had suggested that the myelin constituents were
metabolically rather stable (Davison 1968). In 1965, Torvik and Sidman
reported radioautographic studies showing persistance of incorporated
labelled precursors in the myelin-rich white matter of developing
mouse brain and relatively slight uptake into that of adults. The
hypothesis of relative metabolic inertness of myelin (Davison, Dobbing
1961) was confirmed when persisting radioactivity in the central

http://rcin.org.pl




252 A. N. Davison

nervous system was shown to be predominantly localised in myelin
separated by differential centrifugation (Davison, Gregson 1962, Cuzner
et al. 1966).

Although myelin has a constant composition in the adult brain
during the early stages of CNS development there are marked
differences in its composition. The early” myelin has a chemical
composition similar to that of cytomembranes: no cerebroside, more
short chain fatty acid esters than long chain esters and relatively more
phospholipid than is present in mature myelin.

It was suggested by Davison, Cuzner, Banik and Oxberry (1966)
that the so called “early” myelin was a mixture of both myelin and
an intermediate precursor, originating from oligodendroglial plasma
membrane. In order to further determine the chemical characteristics
and metabolism of these membrane fractions we have examined the
effects of blocking synthesis of cholesterol in the developing rat brain.
Desmosterol has been shown to be only present in freshly synthesised
myelin but the amount of this cholesterol precursor can be markedly
increased by treatment of young rats with Triparanol (Banik, Davison
1967). After treatment, brain desmosterol is slowly replaced by cho-
lesterol. Following injection of the drug AY-9944 (Trans-1,4-bis-[2-chlo-
robenzylaminomethyl]-cyclohexane dihydrochloride) into 5-day old rats
there is an accumulation of 7-dehydrocholesterol in the brain. The
cholesterol precursor is present in the crude myelin fraction of
15-day old rats where it accounts for about half the total sterol. When
early myelin was separated (Norton et al., unpublished) into adult
typemyelin and a second mebrane fraction — both were found to
contain similar proportions of sterol and precursor. It was also
noted that brain microsomes has the same sterol distribution. Even
though substantial amounts of 7-dehydrocholesterol are incorporated
into early myelin this sterol camnot be detected in the brain 21 days
after discontinuing drug treatment. It is, therefore proposed that
during the early stages of myelination the mewly synthesised glial
membrane can readily undergo metabolism. During myelin formation
cerebroside may be added to and lecithin be eliminated from the
membrane so that one type of structure (e.g. subunit type) may be
converted to another (e.g. the unit membrane type). The principles of
such transformation reactions have been discussed by Luzzati and
Husson (1962), Benson (1966) and Lucy (1968).
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{A. N. Davison
BIOCHEMIA MIELINOGENEZY
Streszczemnie

Biochemiczne badania mieliny wykazujg, ze jest to substancja lipoproteinowa
zawierajgca 75% lipidéw. Cholesterol, fosfolipidy i galaktolipidy sga obecne w pro-
porcjach molarnych majgcych sie do siebie jak 2:2:1. U zwierzat dorostych
mielina jest metabolicznie stabilna i nie zawiera zadnych prawie enzymdéw poza
2, 3’-cykliczng nukleotydo 3’-fosfohydrolaza oraz aminopeptydazg Ileucynows.
Niniejsza praca zaklada istnienie poSredniego stadium w syntezie mieliny, przy
czym postuluje sie, ze ta ,wczesna” mielina jest miezréznicowang blong glejowa.
Podawanie szczurom réznych srodkéw pozwala na wbudowanie 50% prekursorow
cholesterolu do mieliny rozwijajgcego sie modzgu. Nasze badania wykazuja, ze
T-dehydrocholesterol i desmosterol w mielinie podlegaja stosunkowo szybkiej
redukcji do cholesterolu. Sugeruje to metaboliczng aktywnos§é ,wczesnej” mieliny
w przeciwienstwie do jej stabilno$ci w dojrzalym mdézgu.

A. H. JIsBucon
BUOXUMIUA MUSJIMHOTEHE3A
Coxgepx)aHue

BuoxyMmu4eckKoe uccliefioBaHue MMOJMHA YKasbIBaeT, HTO HABJATCA OH JMIIONPO-
TEMAOBBLIM BEIeCTBOM coaepxaumm 75% mnummpa. XomectepuH, docconummabl M ra-
JIAKTOJMUINABI IPUCYTCTBYIOT B OTHOLIEHMAX MOJIAPHBIX BbIPaXKEeHHBIX OTHOUIEHMEM
2:2:1. ¥V B3pPOCHBIX KMBOTHBIX MM3JIMH MeraboJm4yecKyu CTaOMIBHBIL M He cojep-
JKUT I0YTH HMKaRuUX epMeHTOB Kpome 2', 3'-IMKa0 HyKiIeotupn 3’-cocdornapo-
J1a30/ M JeiiMHOBO aMMH-IIENTUAAZO0I.

HpmHemHaa pabora NpuHMMAaET CYLIECTBOBAHME IIOCPEACTBEHHOM CTaguy B CUH-
Te3e MMIJIMHA NPY YeM IMPEJIIONOKEHO, YTO 3TOT ,,PaHHMI’ MMUOJIMH ABJIAeTcA Hexmud-
dbepeHIMPOBAaHHOM IInanbHOM MeMOpaHO/. BBeaeHme KpbIcaM pa3HbIX CPEACTB paz-
peliaer uHKOpnopuposaTh 50%0 npeKypcoOpoB XOJIeCTEPMHA B COCTAB MMIJMHA pPa3BU-
BaloOIIerocA IOJIOBHOrO MO3ra.

Haum mccieoBanmus moKa3bIBAIOT, YTO 7-AE€TUAPOXOJIECTEPUH M JECMOCTEPOJ IT0A-
BEPralTcs B MM3JIMHE OTHOCUTEJIHHO ObICTpOMY BOCCTAHOBJIEHMIO B XoJjecTepuH, CBu-
JETeNILCTBYET 3TO O MeTaboJIMYecKOoil akKTUMBHOCTMU ,,paHHEro” MMOJIMHA B CPaBHEHUN
Cc ero crabuiIbHOCTBIO B 3DPEJIOM MO3Te.
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J. N. CUMINGS

THE LIPID COMPOSITION OF PURE MYELIN
IN SOME DEMYELINATING DISORDERS

Department of Chemical Pathology Institute of Neurology, London, Great Britain

This paper describes some of the experiments carried out during
the past year or so with particular reference to the composition of
myelin in the white matter from normal subjects and these with various
diseases. This enables comparison to be made with descriptions given
of findings in the whole white matter in lipid diseases as described
previously (Cuming 1967).

.THE USE OF CAESIUM CHLORIDE .

BRAIN
CORTEX - MICROSOMES WHITE = MYELIN
10% W/V IN 0.32 M SUCROSE 10% W/V IN 0.32 M SUCROSE
SPIN 17500 g. 1 HOUR SPIN 1000 g -
SUPERNATANT SUPERNATANT
SPIN 100000 g. 1 HOUR ADJUST TO 0.25 M SUCROSE
SUPERNATANT.
DEPOSIT - PELLET LAYER ON 15% CsCl
SUSPEND IN 15% CsCl
SPIN 100000 g. 18 HOURS. SPIN 100000 g. 18 HOURS
SUPERNATANT- =

3~ MYELIN

&

Fig. 1. The use of Caesium chloride.

MICROSOMAL PELLET
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For the separation of myelin and microsomes we have made use
of caesium chloride rather than sucrose in differential centrifugation
(Fig. 1). The strength of caesium chloride required, together with the
time and speed of centrifugation, had to be determined experimentally
and this took same time, but a strength of 15% caesium chloride finally
gave us reliable results. Although we initially used an 18 hour spin
at the final stage ithis can be shortened to about four hours, yet
18 hours was convenient, as then the centrifuge could be left on over-
night and our working day devoted to processing (Thompson et al.
1967). The electron microscopic appearances demonstrated that both
myelin and microsomal preparations were relatively pure.

Lipid extracts of white matter myelin as well as of cortical micro-
somes have been studied, using thin layer chromatography in a manner
described by Milldner, Wherret and Cumings (1962). Phospholipids
were determined by their phosphorus content from each individual
lipid spot, while sphingolipids were estimated from their sphingosine
content by a method recently described (Cumings et al. 1968). Total
phosphorus and sphingosine were estimated in the original lipid ex-
tracts as also were cerebroside and cholesterol.

We have studied the myelin from normal human brain, as well as
from three cases of mulbiple sclerosis, two cases of metachromatic
leucodystrophy and two of globoid body diffuse sclerosis. Microsomes
from a case of Tay Sachs disease as well as from mnormal cerebral
cortex have been studied, but I shall mainly discuss the myelin results.
In addition some experiments relating to plasmalogens, using two
dimensional thin layer chromatography, by the method of Owens (1966)
have been made in both mormal and multiple sclerosis myelin, pre-
pared from white matter.

NORMAL

Table I shows an example of a normal brain in which phospholipids
and sphingolipids were estimated, while in Table 2 are recorded some
plasmalogen results in myelin together with a comparison between the
white matter and the myelin in the same subject.

MULTIPLE SCLEROSIS
Apparently normal white matter, both by macroscopic and micro-

scopic examination, has been examined in a similar manner and Table 3
shows phospholipid and sphingolipid values for the myelin prepared.
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It is seen that ethanolamine levels are slightly but significantly reduc-
ed, while other phospholipids do not differ appreciably from the normal.
When the figures in Table 4 are examined it is found that ethanolamine
plasmalogen is definitely reduced whether -calculated against total
phospholipids or against the non-plasmalogen ethanolamine.

Table 1. Normal myelin

Phospholipids %, Sphingolipids %
Ethanolamine 399 Ganglioside 0
Choline 241 Sphingomyelin 71
Serine 16'4 Trihexoside trace
Sphingomyelin 19'6 Sulphatide 161

Dihexoside 2:8
Cerebroside 696
Ceramide 43

Cerebroside/Sulphatide ratio 4 : 1

Table 2. Plasmalogens in normal brain

In myelin In white matter
Ethanolamine plasmalogen ‘ 77:3 72
Choline plasmalogen 40 4—5
Serine plasmalogen ’ 28 23

as %, of corresponding phospholipid

Table 3. Multiple sclerosis myelin

Phospholipids % Sphingolipids %

Ethanolamine 3622 ‘ Ganglioside 172

Choline 27-58 Sphingomyelin 344
Serine 17-37 ‘ Trihexoside 1-72
Sphingomyelin 1874 Sulphatide 29'73
Dihexoside 474

‘ Cerebroside 53:44

| Ceramide SA7

Cerebroside/Sulphatide ratio 1:86 : 1

The sphingolipid analyses (Table 3) show some striking abnormalities.
Whereas normally by this technique, and using a standard amount
of mvelin from a known amount of white matter, no ganglioside is
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Table 4. Plasmalogens in multiple sclerosis myelin

% corresponding % total
phospholipid phospholipid
Ethanolamine plasmalogen ‘ 705 290
Choline plasmalogen ! 36 09
Serine plasmalogen ; 40 06

seen, in multiple sclerosis ganglioside is definitely present. The normal
cerebroside/sulphatide ratio is as 4 is to 1 but in the example given
which was characteristic of all three examined, there is a well marked
alteration, the result of a definite reduction in cerebroside, as well
as a relative increase in sulphatide.

It is possible to calculate the molar proportions of cerebroside, sul-
phatide and cholesterol when it is found that whereas in the normal
myelin the figures are 1:0, 02, 17 respectively, in multiple sclerosis
they are 1:0, 0-31, 15 (Cumings, Goodwin 1968).

It is clear from these findings that the ,,apparently normal” white
matter myelin shows ithe following variations from the mormal: a re-
duced ethanolamine and ethanolamine plasmalogen, increased ganglio-
side and an altered cerebroside/sulphatide ratio. These all indicate
a biochemically disturbed myelin in the ,;apparently mormal” white
matter, but whether because it was originally abnormal or whether,
as is possible, it indicates the first signs of a mew lesion, one cannot
as yet say.

METACHROMATIC LEUCODYSTROPHY

The electron microscopic appearance of the myelin prepared from
each of the three cases was abnormal (Cumings et al. 1968). A phospho-
lipid analysis shows only relatively minor variation from the mormal
but the sphingolipid composition is definitely abnormal (Table 5).

Table 5. Sphingolipids of myelin

In metachromatic In Krabbe’s disease

leucodystrophy % %
Ganglioside 19 599
Sphingomyelin 2:4 14:52
Trihexoside [ o 249
Sulphatide 852 809
Dihexoside 1-8 329
Cerebroside 44 5894
Ceramide \ 2:8 665
Cerebroside/Sulphatide ratio | 17193 7351
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The most remarkable finding is the change in cerebroside/sulphatide
ratio which is 1:20 as compared to the mnormal 4 :1, due to gross re-
duction in cerebroside and a considerable increase in sulphatide. It is
worth noting that ganglioside is present.

GLOBOID BODY DIFFUSE SCLEROSIS (KRABBE'S DISEASE)

The myelin is seen to be damaged under the electron microscope
but while phospholipid levels are mot greatly altered those of the
sphingolipid compounds are abnormal (Table 5). Cerebrosides are con-
siderably increased and sulphatides decreased, resulting in a ratio of
7 to 1, or mearly double the normal.

It is now well known that in the ganglioside pattern of the cortical
lipids two abnormal bands Gys; and Guyg are present. These same ab-
normalities are to be found in the microsomal preparations from white
matter as well as from microsomes of cortex.

Further work is in progress relative both to the findings in multiple
sclerosis, as well as to myelin from white matter in other diseases.

J. N. Cumings

SKEAD LIPIDOW CZYSTEJ MIELINY W PEWNYCH ZABURZENIACH
DEMIELINIZACYJNYCH

Streszczemnie

Przedstawia sie kro6tki opis dotyczacy oddzielenia mieliny i mikrosoméw od
tkanki moézgowej, w wyniku czego sfingolipidy w tych frakcjach subkomérko-
wych zostaty rozdzielone i okreS§lone iloSciowo za pomocg metody chromatografii
cienkowarstwowej. Za materiat do badan stuzyla mielina z prawidlowej bialej
istoty moézgu, jak roéowniez ze stwardnienia rozsianego, leukodystrofii metachro-
matycznej i choroby Krabbego.

Wyniki badan wykazuja pewne réziice miedzy materiatem patologicznym
w stosunku do prawidlowego, zwlaszcza zmianie ulega stosunek cerebrozydy:
sulfatydy, jak tez w obecno$ci gangliozydéw w iloSciach wigkszych miz w stanie
prawidlowym.

,Pozornie prawidtowa” fstota biata mézgu w stwardnieniu rozsianym wyka-
zuje takze zmniejszong zawarto§é etanolaminy i plazmalogenu etanolaminowego.

JO. H. Ksmuurc

COCTAB JIMIINAOB YMCTOIO MMUDBJIVMHA B HEKOTOPBIX
JEMUSJINHUIUPYIONMX PACCTPOMCTBAX

CopxgepxaHue

IlpencraBaseTca KpaTKOe OIMCAHMe OTAeJIeHMA MMIJIMHA M MMKPOCOMOB OT MO3-
rOBBIX TKaHEH, CJIeJCTBMEM Yero CUHroIMmmuzabl U3 9TUX CYyOKJIETOYHBIX (bparipmii

Neuropat. Pol. 3 4
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pasfennay MeTOJOM TOHKOCJIONHOV Xpomarorpadmm yu KaxkAbA JUINL WU3MEePUIn
KOJIMYEeCTBEHHO. JVIccefoBaHHBIM MaTepuasioM ObII MMU3JMH IOJYYEHHBII M3 HOpPMalk-
HoOro Oeyioro BellecTBa, M3 PaCcegHHOTO CKJepo3a, MeTaXpoMaTM4ecKoy JenKogm-
crtpochun u n3 Gonesun Kpabos.

Pesynbrarhl yccaefoBaHMII INOKAa3bIBAIOT HEKMe M3MEHeHMs B IaTOJOTMUECKOM
Marepyalie B CPaBHEHMM C HOPMAaJIbHBIM OCODEHHO B M3MEHEHMM OTHOIIEHMuA ljeped-
pozuzabl/cynsdaTuabl M B HAJAMYMM TAaHIIAMO3UJAOB B OOJBIIMX YeM HOPMAaJIbHO KOJM-
YyecTBax.

»,BHeIlIHe mnpaBuibHOoe”’ ©§eJjloe BelIeCTBO B pPACCeAHHOM CKJEpOo3€ TaKiKe cojep-
KaJI0 OOBMIKEHHbII yPOEEeHb 93TaHJIOAMMHA M 3TAaHOJaMMH-IIJIa3MaJIoTeHa,
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F. CHEVALLIER

ETUDE DES TRANSFERTS DE CHOLESTEROL D’ORIGINE
PLASMATIQUE DANS LE SYSTEM NERVEUX DU RAT ADULTE
ET EN CROISSANCE

Département de Biologie, Centre d’Etudes Nucléaires de Saclay, France

Environ 70 pour 100 du cholestérol d’un rat sont mobiles. Entre un
organe quelconque et le plasma, il existe, en effet, des transferts bidi-
rectionnels de cholestérol. Ces transferts constituent le mode essentiel
de renouvellement du cholestérol des organes. On s’est attaché a pré-
ciser les caractéristiques fonctionnelles de ce type de renouvellement
par échange ou remplacement moléculaire (Chevallier 1956, Chevallier
1961, Chevallier, Giraud 1966, Chevallier 1967). On va examiner celles
qui concernent le systéme merveux du rat.

A — RATS ADULTES

Les rats utilisés sont des maéles de souche Wistar pesant environ
350 g au début de ’expérience.

I. Détermination de la fraction du cholestérol renouvelable par des
transfers de cholestérol plasmatique

On a utilisé dans ce but la méthode d’équilibre isotopique. Chez des
rats ingérant un régime dont la concentration et la radioactivité spéci-
fique du cholestérol sont constantes, la radioactivité spécifique du chole-
stérol plasmatique atteint une valeur d’équilibre (Chevalier 1956, 1960,
1966). Au bout d’'un temps variable suivant la nature de l'organe consi-
déré¢, la radioactivité spécifique du cholestérol de chaque organe attein-
dra, elle aussi, une valeur d’équilibre. Le rapport de la radioactivité
specifique du cholestérol d’'un organe a celle du cholestérol plasmatique
définit, a l’équilibre isotopique, la fraction du cholestérol renouvelé
par transfert. Contrairement a de nombreux organes, le temps méces-
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saire pour observer un rapport constant est trés long pour les différents
éléments du systéme merveux. L’expérience doit durer au minimum une
année. Par ailleurs, on constate que seuls 24 pour 100, en moyenne,
du cholestérol du cerveau sont renouvelés par le cholestérol plasma-
tique, 15 pour 100 pour le merf sciatique et 12 pour 100 pour la moelle
épiniere,

R.S.organe

x 100
| RS.plasma y

= Cerveait .

' e
o g

20+ Ner? sclatique

o g °
v +

01 ;

€ Moelle epiniere

I X 1 t 4
100 . 200 300 400 500
Jours

Fig. 1. Pourcentages, par rapport a la radioactivité spécifique du cholestérol

plasmatique, de celles du cholestérol du cerveau, de la moelle épiniére et du nerf

sciatique prélevés chez de rats ayant ingéré, depuis I'age adulte, du cholestérol-
-4-14C pendant des durées allant de 7 a4 500 jours.

Un travail récent mous permet de compléter et préciser les données
reportées ci-dessus. Tout d’abord, six mouveaux rats ont été sacrifiés
aprés 440 et 500 jours d’expérience (fig. 1). Si les valeurs moyennes
des rapports de remplacement concernant le cerveau et le merf scia-
tique demeurent pratiquement inchangées (respectivement 0,25 et 0,16),
celles concernant la moelle épiniere étaient nettement surestimées
(0,09 au lieu de 0,12). Par ailleurs, le cerveau a été décomposé en
3 éléments: les hémispheres cérébelleux, le bulbe, le cerveau restant.
De méme, moelle épiniére et merf sciatique ont été sectionnés en 2 ou
3 fragments, de taille approximativement égale: supérieur, moyen, et,
inférieur. Les rapports des radioactivités spécifiques du cholestérol de
ces divers éléments du systéme nerveux a celle du cholestérol plasma-
tique sont reportés dans le tableau 1. On constate que les radioactivités
spécifiques du cholestérol des segments supérieur et inférieur de la
moelle épiniére sont pratiquement égales, et nettement plus élevées
qu celle du cholestérol du segment moyen. Pour le merf sciatique, une
relation du méme type lie les segments supérieur et moyen par rapport

-
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au segment inférieur. Par ailleurs, la radioactivité spécifique du cho-
lestérol du bulbe est nettement inférieure a celles, égales entre elles,
du cholestérol des hémisphéres cérébelleux et du cerveau restant. Il est
a ’heure actuelle difficile d’interpréter de tels résultats. L’étude de la
localisation du cholestérol mobile dans le cerveau fournira un élément
de réponse a ce probléme.

2. Preuve de Uexistence de transferts cerveau-plasma (Chevallier,
Giraud 1966)

A la suite d’une expérience qui concernait le cholestérol total d’ani-
maux entiérs, on a conclu que la quasi totalité du cholestérol d’origine
plasmatique contenu dans les organes du rat, retournait dans son milieu
d’origine. La lenteur des transferts de cholestérol au niveau du cerveau
nous a engagés a vérifier si cette conclusion s’appliquait effectivement
a ce cas particulier.

On a utilisé des rats ayant ingéré du cholestérol -4-14C pendant
24 jours. Ils ont été sacrifiés durant les semains qui ont suivi, puis au
bout d’'un an. Aprés un tel délai, on constate que la radioactivité totale
du cholestérol, comme sa radioactivité spécifique, me sont plus que le
tiers de leurs valeurs observées au bout du premier mois aprés la ces—
sation du régime marqué (fig. 2). La cinétique de la radioactivité

R.S.
10001

Plasma

00

1001

1 1 1
oW 3 60 90 740 270 5
Jours

Fig. 2. Radioactivités spécifiques du cholestérol (ipm/mg) du cerveau et du plasma,
prélevés chez des rats ayant ingéré, a 1’age adulte, du cholestérol-4-1C pendant
24 jours, et ayant été sacrifiés au cours des mois suivants.

spécifique suggére, du reste, que cette disparition du cholestérol
marqué est encore plus importante. En effet, la valeur de la radio-
activité spécifique du cholestérol du cerveau au premier mois ne re-
présente probablement pas sa valeur maximale. Quoiqu’il én soit, on
peut admettre que le cholestérol d’origine plasmatique contenu dans
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le cerveau retourne dans la circulation sanguine. En d’autres termes,
24 pour 100 du cholestérol du cerveau sont réellement mobiles.

Tableau 1
Durée de Cerveau Moelle épiniére ’ Nerf Sciatique
I’expérience | Bs
S T R T R U T Y
IR 6,1 L A R et SRS
2 6,5 1,2 1,0 1,3 2,6 ST e )
UEE TREET 15,5 i 3,3 6,0 60 | 88
By 17,5 3,9 2,9 3,9 9 1 11
HEs RO T 19 9,1 T T T T . 93T
6| 27 27,5 | 192 9,8 7,8 9,3 R
W . R 286 | 168 9,2 6,5 92 14,5 17,8
R 2151 25 1188 9,2 7,5 9,2 12,8 ] 12,5
9 | 25,1 266 | 19,5 8,8 L T TV Y Y ’_2T
W o s me kT 13, |10 16 169 | 169 | 194

Radioactivité spécifique du cholestérol de différents éléments du systéme nerveux, exprimée
en pour-cent de celle du cholestérol plasmatique (H.C. : hémisphéres cérébelleux, B : bulble, C.R. :
cerveau restant, S. : supérieur, M. : moyen, I. : inférieur).

3. Vitesses des transferts et temps de renouvellement

Les deux expériences rapportées ci-dessus ont permis de souligner
la lenteur des vitesses de itransfert. A l’aide de ces résultats, en ad-
mettant que le cholestérol mobile du cerveau constitue un comparti-
ment homogene dont les molécules se renouvellent ,,au hasard”, on
peut calculer son ‘temps de renouvellement. Celui-ci serait d’environ
4 mois. Nous soulignerons qu’il s’agit la d’une approximation. En effet,
non seulement, les seuls résultats ne permettent pas d’effectuer un
calcul précis, mais encore, les conditions mécessaires a l’application des
calculs classiques ne sont pas toutes remplies. La figure I montre
I’hétérogénéité des vitesses de transfert. Il existe une composante ra-
pide assurant le renouvellement d'une petite fraction du cholestérol
mobile, tout au moins en ce qui concerne le cerveau et le nerf scia-
tique (fig. 3). La cinétique suggére aussi que la composante lente
principale n’a, peut-étre pas, la valeur d’'une constante. Cette observa-
tion touche essentiellement le nerf sciatique et le moelle épinieére. On
note a leur propos une légére augmentation de pente entre le 150 et
le 300e jour d’expérience. On s’est demandé si elle ne pouvait pas étre
expliquée par une migration axonale de cholestérol marqué entre, d’une
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part, le cerveau et la moelle, et, d’autre part, la moelle et le nerf scia-
tique. Or, les résultats reportés dans le tableau 1 montrent que les
différences entre les radioactivités spécifiques du cholestérol des dif-
férents segments demeurent dans des rapports constants. En conclusion,
si une migration axonale existe, elle est de faible amplitude et n’est pas
détectable par notre méthode.

R.S.organe
RS.plasma ™

700

’I// Moelle epiniere
i L SIse 1
7 24
Jours

Fig. 3. Agrandissement de la figure 1 pour les courtes durées d’ingestion
de cholestérol-4-14C,

4. Localisation anatomique des zones de cholestérol mobile (Chevallier,
Petit 1966)

Ce probléme a été traité par la technique d’autoradiographie. Les
cerveaux ont été prélevés sur des rats ayant ingéré un régime conte-
nant du cholestérol — ™C pendant 8 ou 60 jours. Les autoradiogrammes
dont les figures 5 et 6 fournissent des exemples, montrent que le noir-
cissement est trés intense dans certaines régions anatomiques. Il y a,
en fait, une correspondance rigoureuse entre la densité du noircisse-
ment d’'un autoradiogramme et celle de la coloration de la méme coupe
obtenue par la technique de Weigert. Pour établir cette comparaison,
on s’est servi des reproductions figurant dans le livre: ,,Craigie’s Neuro-
anatomy of the Rat” (Zeman, Innes 1963). Ainsi, le cholestérol mobile
d'une zone anatomique est d’autant plus abondant, que la densité des
fibres myélinisées de cette zone est elle-méme élevée.

Indépendamment de cette relation, les autoradiogrammes montrent,
a coté des zones a fibres myélinisées, un noircissement quasi homogene,
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de faible intensité. Ce marquage est rapidement obtenu, et m’évolue
pas d’'une fagon appréciable avec le temps. Ainsi, une faible fraction
du cholestérol des régions anatomiques pauvres ou dépourvues de
fibres myélinisées, est rapidement renouvelée par transfert. Il y a pro-
balement une correspondance entre cette observation et celle relative
a l'existence d’une composante rapide des vitesses de transfert. Enfin,
dans ces zones de noircissement de faible intensité, on observe des cou-
ches de moindre noircissement. Ces couches sont situées au niveau de
T’hippocampe et du gyrus dentatus. Elles paraissent correspondre aux

couches des cellules pyramidales.

5. Localisation cytologique du cholestérol mobile (Droz, Chevallier en
préparation)

Les résultats relatés ci-dessus m’impliquent pas d’une fagon certaine
que le cholestérol mobile soit celui des couches de myéline. Pour avoir
des précisions a ce sujet, on a wutilisé la technique d’autohistoradiogra-
phie en microscope électronique. Ce travail est en cours dans le labora-
toire du Professeur Droz. Nous mne rapporterons maintenant que les
premiers résultats obtenus. Ceux-ci paraissent montrer qu’une propor-
tion élevée de cholestérol de transfert correspond au cholestérol des
couches de myéline (figs. 7 et 8).

B — RATS EN CROISSANCE

L’existence d’une transfert de cholestérol du plasma dans le cerveau
de jeunes animaux (rat ,lapin, poulet) a été prouvée, en particulier par

Pords Concentration| Quantite 3,52‘}23’,25;(‘,’," g},‘j’;ﬁ’;ﬁp‘,ﬁ‘;’
l,d‘-’ £ / de b d’origine | d’origine
organe |Cholesterol | Cholesterol plasmatique | synthetique
-1g -10mg/q ~10mg -1mg -10mg
-05g Iy ~Img 05mg -img
L 1 L 1 L s ] L l.
BN § VBN § 7N 5§ 78BN § BN § 7

Fig. 4: Données quantitatives concernant le cholestérol du cerveau durant la fin
de la vie foetale et les 17 premiers jour de vie (N :mnaissance).
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matiere

Py blanche

matiere
grise

Fig. 5: Autoradiographie d'une section sagittale d’'un hémispheére cérébelleux
d’'un rat ayant ingéré du cholestérol-4-14C.

Corpus
callosum

Commissura
posterior

Ventriculus
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Fasciculus

retroflexus

ilrachius
mamillo-

‘ - Hippocampus
thalamicus

Columna
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l_ Basis pedunculi
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Fig. 6. Autoradiographie d’une section transversale du cerveau d'un rat, ayant
ingéré du cholestérol-4-14C.
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Autoradiographie dun segment du corps calleux d’un

rat ayant ingéré
du cholestérol-3H. (X 51000).

Fig. 8: Autoradiographie d’un segment de ganglion spinal d’un rat a
du cholestérol-3H, (X 42000).

yant ingéré
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Davison et Coll. (1958, 1959), mais aussi par Dobbing (1963) et par
Clarenburg et Coll. (1963). Par ailleurs, Davison a souligné la persi-
stance, dans le cerveau d’animaux adultes, du cholestérol marqueé,
d’origine plasmatique, déposé dans le cerveau des animaux jeunes. De
notre coté, on a étudié ce processus de transfert d’'un point de vue
quantitatif (Chevallier 1964). Par la méthode d’équilibre isotopique, on
a précisé les quantités du cholestérol d’origine plasmatique contenu
dans le cerveau des rats depuis le 2¢ jour avant la naissance jusqu'au
17¢ jour aprés la naissance. Sur la figure 4 sont reportés les résultats.
On constate que, deux jours avant la naissance, le cholestérol de trans-
fent représente 50 pour 100 du cholestérol du cerveau. L’enrichissement
en cholestérol de cet organe me commence réellement que quelques
jours aprés la naissance. La synthése du cholestérol ,jin situ” repré-
sente I’élément majeur de l’accroissement. Néanmoins, les transferts
augmetent aussi. Deux jours avant la naissance, le cerveau contient
0,12 mg de cholestérol d’origine plasmatique; 17 jours apres la mais-
sance, il en contient 0,6 mg. A cet age le pourcentage de cholestérol
de transfert par rapport au cholestérol de toutes origines n’est plus
que de 6.

Signalons, enfin, que chez le poussin, Kritchevsky et Defendi (1962)
ont montré, par autoradiographie, la présence de cholestérol tritié dans
la substance blanche du cervelet.

F. Chevallier

BADANIA NAD PRZECHODZENIEM CHOLESTEROLU Z SUROWICY KRWI
DO CENTRALNEGO UKEADU NERWOWEGO U SZCZURA DOROSEEGO
) I ZNAJDUJACEGO SIE W OKRESIE WZROSTU

Streszczenia

U dorostego szczura wymiana cholesterolu pomiedzy narzadem a surowicg
krwi jest zasadniczym sposobem odnowy komérkowego cholesterolu. Cholesterol
centralnego ukltadu nerwowego nie stanowi wyjatku od tej reguly. Jednakze na
tym poziomie, proces ten charakteryzuja dwie cechy: Z jednej strony, gdy jedna
z frakcji cholesterolu odnawia sie nastepujgco: 23, 12, 15% odpowiednio dla
mozgu, rdzenia kregowego i merwu kulszowego, to z drugiej stromy szybkoSci
wymian sg niewielkie, Szybkoéci te odpowiadaja podanym wyzej odsetkom i mie
moga byé okreSlane przed uplywem roku codziennego podawania cholesterolu
znakowanego 14C. Wykazano tez, ze transport plazma-moézg jest sprzezony
z transportem w kierunku odwrotnym moézg-plazma. Wyjasnia to dobrze mecha-
nizm odnowy poprzez wymiane lub zastgpienie. Spostrzezenia te potwierdzajg
takze wzgledng nieprzenikliwo§é bariery moézgowej.
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Otrzymame wyniki pozwalajg mna okre§lenie, czy frakcja cholesterolu modzzo-
wego podlegajgca wymianie przez przemieszczenie zostala zlokalizowana w ja-
kiej§ szczegdlnej okolicy anatomicznej. Proby rozwigzania tego problemu dozo-
nano za pomocg autoradiografii z 14C. Stwierdzono, ze zaczernienie klisz byto
§ciS§le proporcjonalne do gestoSci widkien mielinowych. Dla uzyskania wigkszej
dokladnos$ci lokalizacji cholesterolu podlegajacego wymianie na poziomie stref
widkien mielinowych rozpoczeto doswiadczenia z zastosowaniem autoradiografii
w mikroskopii elektronowej z uzyciem cholesterolu znakowanego trytem. Praca
ta jest w toku przy mspoéipracy z B. Droz.

IlleBanbe <D,

VICCIELOBAHMSA HAJ IIEPEXJIOM XOJIECTEPMHA M3 KPOBSHOM
IIIA3MBI B IEHTPAJIbBHYIO HEPBHVIO CUCTEMY B3POCJOM KPBICHI
1 BO BPEMS BO3PACTA

ConepxaHue

Y B3pOCJI0il KpbICHI OOMEH XOJIeCTEPUHA MEXKAY OPraHOM ¥ KPOBAHOM I11a3Moit
ABNIAETCA OCHOBHBIM CIIOCOO0OM OOHOBJIEHMA KJETOYHOTO XoJsiecTepmHa. XoJecTepuH
I[eHTPaJIbHOV HEPBHOM CUCTEMbI He VICKJIOYEHMEe OT 9TOro mpaBmia. OZHAKO Ha 9TOM
YPOBHE IIpolecc Xapakrepm3yercs aAByMA bakropamy. C OJHO! CTOPOHBLI OAHA U3
(hpakimii xoJjiecTepuHa OOHOBJIIAETCA ciaeayloumM Iyte: 23, 12, 15% COOTBETCTBEHHO
715 TOJTOBHOTO MO3Ta, CIIMHHOTO MO3Ta M CeAajuILHOro Hepsa., C APYroil CTOPOHBI CKO-
pocty 0OMeHOB HeBeJuKu. CKOPOCTM 9TV COOTBETCTBYIOT ITPMBEAEHHBIM BBIIIE ITPO-
LIeHTaM ¥ He MOTyT ObITh OIpejesIeHbl PaHbIIe YeM CIIYCTd rofa €¥KeIHEBHOIO NpuMe-
HeHUsA XoJiecTepuHa MeudeHHoro 4C.

IToka3aHO TaKiKe HYTO TPAHCIOPT BEILIECTB B HaNpaBJeHUM KPOBAHAS I1J1a3Ma-
-TOJIOBHOJ MO3TI' CONPAZKEH C TPAHCIOPTOM B OOpPaTHOM HampaBJIeHuu. DTO XOPOLIO
o0bAcHAeT MexaHM3M oOMeHa IIyTeM B3amelleHus uiau obHoBieHus. Hacrosiuime Ha-
OIIoleHNA IIOTBEPIKAAIOT TAKIKE OTHOCUTEJIBbHYIO HEIPOHMKHOBEHHOCTH IeMaTO-MO3-
roBoro Gapeepa. ITosy4yeHHBIE PE3YyJIbTATHI ITO3BOJIAIOT ONPEAEJUTh B KaKOil CTETIeHH
tparmma xojecTepuHa IOABEPrarolierocsi OOHOBJIEHMIO ITyTeM IepeMelleHMUsa JIOKa-
JU3MPOBaHa B KaKOW-TO OIpeesIeHHOi 06sacTy rosioBHOro Mo3ra. IIONBITKM pelleHus
9TOi1 mpobJieMbl NPOBEAEHBbI ¢ IoMolIbi0 aBTopaauorpacdmum ¢ “C. KoncrarmpoBaan
4TO 3avYepHeHMe IJIEHOK OBLIO CTPOro IPONOPLMOHAJBLHO K TIyCTOTE MMEIMHOBBIX
BOJIOKOH.

HauaTe! onbITBI MeTOZOM aBTOpazuorpacduym B 3JIE€KTPOHHON MMUKPOCKONMM C IpPH-
MEeHEeHMeM XoOJleCcTepMHa Me4deHHOro TtputueM., Pafora Bezercd B COTPYAHUYECTBE
¢ B. [Ipos.
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D, A. CHETVERIKOV, V. Ya. DVORKIN, S. V. GASTEVA

COMPARATIVE STUDIES ON PHOSPHOLIPIDS
IN MORPHOLOGICALLY DIFFERENT AREAS OF THE BRAIN

1. P. Pavlov Institute of Physiology USSR Academy of Sciences, Leningrad, USSR

It has been shown in the last few years that one of the main factors
responsible for the specificity of phospholipid composition in various
formations of ithe central nervous system (CNS) is the relative content
of myelin structures. Thus, E. M. Kreps and his coworkers (1963) have
found that different regions of the rat brain at ithe earlier ontogenetic
stages are rather similar with respect to their phospholipid content, it
is only during myelinization that the differences between the brain
regions appear peculiar to the adult animal, concerning both the
content and 'turnover rate of individual phospholipids.

This work is an attempt to characterize the content and the turnover
rate of several representatives of phospholipids in the CNS formations
which markedly differ from each other as regards the relative content
of myelin structures. These formations were as follows: a) brain cortex
in which the number of cell element is relatively high and mnerve
trunks consist mainly of nonmyelinated nerve fibers; b) medulla
oblongata in which the main mass consists of myelinated fibers.
Besides, both these regions of CNS differ from each other in the
character of glial elements. Whereas in the brain cortex the astroglia
predominates, in the medulla 'the glial cells are represented mainly
by oligodendrocytes, which according to modern conceptions play an
important role in myelin formation and according to some authors
(O’Brien, Sampson 1965, Davison et al. 1960) have the same lipid com-
position as myelin structures.

The work was carried out on adult male rats of Wistar strain, body
weight 180—200 g. The animals were injected subcutaneously with
radioactive sodium phosphate in a 5 nC dose per 1 g of body weight.
Two hours after isotope injection the animals were decapitated, the
brain was taken out, thoroughly cleaned from the meninges and blood
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vessels and washed out from blood with saline, thereafter the brain
cortex and the medulla were separated.

Lipids were extracted according to Folch with chloroform-methanol
(2:1). The fractionation of phospholipids was done by the method
described earlier (Dvorkin et al. 1963). The following phospholipid
fractions were separated: phosphatidic acids + polyglycerophosphatides,
aminophospholipids (a mixture of diacyl and plasmalogen forms of
ethanol-amin- and serine-phosphatides), phosphatidylinositols and
choline containing phospholipids. By mild alkaline hydrolysis according
to Davson (1960) the aminophospholipid fraction was separated into
diacyl and plasmalogen forms, while the choline-containing phospho-
lipid fraction — into lecithins ( phosphatidylcholines) and sphingo-
myelins. Moreover, the phospatidopeptides were extracted by acidic
chloroform-methanol. In all these fractions the radioactivity of the
phosphorus was determined. The content of lipid phosphorus was
calculated in ng per g of fresh tissue. The intensity of phosphate group
turnover of each fraction was estimated on the basis of the value of
the relative spectific activity (RSA) of phospholipid phosphorus, this
value being the ratio of specific activity of the phosphorus of each
fraction to the specific activity of the inorganic phosphate of the brain
tissue.

Table 1. Phospholipid fractions content (p.g) of lipid phosphorus per gram of fresh tissue in the
cerebral cortex and the medulla of rats (mean of 12—16 exp.)

|

Cerebral cortex Medulla
Total phospholipids 1843 +24 | 2644 -84
Phosphatidic acids + polyglycerophosphatides 63 + 3 i 118 + 5
Phosphatidylcholines 696 +13 [ 696 +18
Diacyl forms of aminophospholipids 520 +11 | 589 +18
Plasmalogen forms of aminophospholipids 326 + 6 823 421
Sphingomyelins : 131V 03 | 244 + 6
Phosphatidylinositols 144 4+ 8 { 255 + 3
Phosphatidopeptides 18:8+ 10 | 13754+ 5

The total phospholipid content in rat medulla is approximately 1-5
that in the brain hemisphere cortex. As seen from Table 1, about 70%
of this difference is accounted for by aminophospholipids, mainly due
to their plasmalogen forms; the content of the diacyl forms of amino-
phospholipids in the medulla is only slightly higher than in the brain
cortex. The rest of this difference (about 30%) is accounted for by
a higher than in the cortex content of phospholipid fractions such
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as phosphatidic acids + polyglycerophosphatides, phosphoinositides,
phosphatidopeptides and sphingomyelins in the medulla. There is mno
difference in the absolute phosphatidylcholine content between the
regions compared.

Table 2. Relative specific activity of phospholipid fractions in the cerebral cortex and the medulla
of rats (mean of 12—16 exp.)

Cerebral Moduila P¥)
cortex

Total phospholipids 2864016 | 2254013 | <001
Phosphatidic acids -+ polyglycerophoshatides 5:304+-060 7144074 | 0:05<P<0°1
Phospl} atidylcholines 1-724-009 2054011 <005
Diacyl forms of aminophospholipids l 1-40+0°12 1:554-0-13 >01
Plasmalogen forms of aminophospholipids 0-754-0:07 0'53-+0°05 <005
Sphingomyelins 0:384-0"04 0:32-4+002 >01
Eos@t@ylinositols 184 +1-2 7-05+0°51 <0001
Phosphatidopeptides 299 420 250 +0°5 >01

*) P — statistical criterium of difference of RSA values of each fraction between the cortex
and the medulla.

As ‘to the turnover rate of the phospholipid fractions studied
(Table 2), metabolically the most active, both in the brain cortex and
in the medulla, are phosphatidylinositols, phosphatidopeptides and
phosphatidic acid + polyglycerophosphatides, the RSA walues of all
other fractions being much lower. The order of turnover rate values
of the phospholipid fraction obtained was the same in both the regions
studied,

phosphatidylinositols > phosphatidic acids + polyglycerophos-
phatides > phosphatidylcholine = diacyl aminophospholipids >
> plasmalogen aminophospholipids = sphingomyelins.

When comparing the RSA wvalues of every phospholipid fraction in
the brain cortex and in the medulla it is seen that the most marked
difference is in the phosphatidylinositol fraction, the turnover rate of
which in the brain cortex is about 25 times that in the medulla.
The RSA of aminoplasmalogens and phosphatidopeptides in the brain
cortex is somewhat higher while that of phosphatidic acids + poly-
glycerophosphatides and phosphatidylcholines somewhat lower than in
the medulla. The intensity of turnover of diacyl forms of aminophos-
pholipids and sphingomyelins is equal in both regions of the brain.
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This study has shown both the brain cortex and the medulla tc
possess a similar collection of phospholipids, however, the content anc
the turnover rate of 'the same phospholipid fractions is rather differen
in ithose two regions.

The most marked differences are observed with respect® to ithe
aminoplasmalogens and phosphatidopeptides, the content of which ir
the medulla is correspondingly 2'5 and 7-2 times as high as in the brair
cortex. It is known that the aminoplasmalogen forms in the brair
consist of as much as 95% of ethanolamine plasmalogens (Webster
1960), we can therefore consider that the latter are responsible for the
difference in the phospholipids content in the brain regions whick
markedly differ from each other in the number of myelin structures
Indeed, it has been shown by Norton and Awutilio (1966) that the
ethanolamine plasmalogens predominate in the myelin among all other
individual phospholipids and account for about one third of their
total amount.

Amnother phospholipid the content of which in the medulla is more
than twice that in the brain cortex is sphingomyelin. It is of interest
that sphingomyelin, like etanolamine plasmalogen, is characterized by
quite a low metabolic activity considered up till now to be a peculiar
feature of the myelin lipids in general. However it would be wrong,
basing only on the increased content of these two lipids in the CNS
regions rich in myelin formations, to connect their functions only with
myelin. Such a point of view is in disagreement with the results of
the present work which show both phospholipids to be sufficiently
represented in the brain cortex. The concept of these phospholipids
playing a role in monmyelinated formations of the mervous tissue in
supported by 'the data obtained recently (Freysz et al. 1963, Ivanova
et al. 1967) as to the presence of ethanolamine plasmalogens and
sphingomyelins in the mitochondrial and microsomal fractions of
nervous tissue as well as on the presence of ethanolamine plasmalogens
revealed by Johnston and Roots (1966) in isolated mneurons of the
bovine brain vestibular nucleus.

Attention should be drawn to the fact that the medulla as compared
with the brain cortex is characterized not only by an increased content
of metabolically low active phospholipids such as aminoplasmalogens
and sphingomyelins but also of phospholipids with a high turnover
rate, mamely phosphatidic acids + polyglycerophosphatides, phos-
phoinositides and phosphatidopeptides. Moreover, even higher values of
RSA in the medulla than in the brain cortex are revealed for several
phospholipids, such as phosphotidic acids + polyglycerophosphatides,

http://rcin.org.pl



Phospholipids in different areas of CNS 275

phosphatidylcholines. There are data in the literature (Mandel, Nuss-
baum 1966) indicating the turnover rate of polyglycerophosphatides
in the myelin sheath fraction to be twice that in the mitochondrial
and microsomal fractions of 'the rat brain tissue. Besides, it is known
that polyphosphoinositides the turnover rate of which is much higher
than of other known phospholipids are localized mainly in the myelin
structures of the mervous tissue (Eichberg, Davson 1965). All these
facts indicate that the concept of the metabolic inertness of myelin
lipids at present can hardly be considered correct.

The question arises why the same phospholipids possess different
metabolic activity depending on the morphological structuress of the
CNS they are localized in. These differences can be accounted for
by ‘the difference in the chemical composition of these phospholipids
and particularly the different pattern of fatty acids in the phospho-
lipids of white and gray matter (O’Brien 1965). It is also quite probable
that the same phospholipids localized in different structures differ in
the character and the degree of stability of the bonds with the protein
and polypeptide components of these tissue structures which, in turn,
definitely influence the metabolic activity of these phospholipids.

At present we are still rather far from a complete understanding
of 'the factors responsible for the different level of metabolic activity
of the brain tissue phospholipids in dependence on their localization
in some formations of the central mervous system. However, further
studies in this field are quite promising because the peculiarites of
phospholipid metabolism in the morphologically different structures
of the CNS can be imagined to reflect the function of the phospho-
lipids in these structures.

D. A. Chetverikov, V. Ya. Dvorkin, S. V. Gasteva

POROWNAWCZE BADANIA LIPIDOW W ROZNYCH MORFOLOGICZNIE
STRUKTURACH MOZGU

Streszczenie

Badano zawarto§¢ i dntensywno$é metabolizmu niektéorych rodzajow fosfo-
lipidéow w korze po6tkul mézgowych i rdzeniu przediuzonym szczuréw. Wybrano
do badan struktury istotnie réznigce sie od siebie zawarto$cia komoérek nerwo-
wych i widkien a itakze stosunkiem istoty szarej do biatej, jak i charakterem
elementéw glejowych. Wykazano, ze zawarto$¢é wolnych fosfolipidow w rdzeniu
przediuzonym jest okolo 1,5 raza wieksza niz w korze p6itkul mézgu, przy czym
70% tej réznicy odnosi sie do plazmalowych form aminofosfolipidéw, podczas gdy
zawarto§¢ form dwuacylowych aminofosfolipidé6w w rdzeniu przedluzonym byla
niewiele tylko wyzsza od zawarto$ci ich w korze pétkul.

Neuropat. Pol. 3 5
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Zawarto$é frakcji kwaséw fosfatydowych, poliglicerofosfatydéw, fosfoinozytoli,
fosfatydopeptydéw oraz sfingomielin w rdzeniu przediluzonym jest $rednio dwu-
krotnie wieksza od zawarto$ci w korze; zawarto§¢ lecytyn jest jednakowa w obu
badanych strukturach.

Pordwnujgc wartosci wzglednej radioaktywnos$ci wiasciwej (WRW) majwieksze
roznice pomiedzy korg a rdzeniem przedluzonym stwierndzono dla frakeji fosfoino-
zytoli, ktorej WRW w korze byla 2,5 raza wieksza od WRW mrdzenia przediuzo-
nego. Wielko§¢ WRW dla plazmalowych aminofosfolipidow i fosfopeptydow
w korze moézgowej jest nieznacznie wigksza, a dla kwaséw fosfatydowych i lecy-
tyn mniejsza niz w rdzeniu przediuzonym.

Intensywno$é metabolizmu grup fosforowych dwuacylowych fosfolipidéw
i sfingomielin jest jednakowa w obu badanych strukturach.

W pracy przedyskutowano osobliwo$ci zawarto$ci i metabolizmu poszczegdl-
nych frakcji fosfolipidow w rdéznych morfologicznie strukturach centralnego
ukladu merwowego. :

JO. A. Yersepuros, B. f. IOesopruma um C. B. TacreBa

CPABHUTEJBHOE U3YYEHUE DOCPOJIUIINAOB B MOPPOJOTUMYECKNU
PA3JIMYHBIX YYACTKAX T'OJIOBHOI'O MOS3ITA

CozxepxaHue

Bbu10 M3ydeHO copepzRaHme M MHTEHCUMBHOCTH OOMEHa OTAEJbHBIX IpejcTaBUTeNen
tdochonnmmaos (PJ) B Kope GOMBLIMX IOJIyLIAPWMII M IIPOZOJITOBATOM MO3Ty KpbIC-
orAeNax IEeHTPaJbHO! HEPBHOM CUCTEMBI, CYILIECTBEHHO OTJAMYAIIIMXCA APYT OT Apyra
110 COZIeP>KAaHMUI0 HEePBHBIX KJIETOK M IIPOBOJHMKOB, COOTHOILIEHMIO ceporo m 6Gesoro Be-
L[ecTBa M XapakTepy INIMAJbHBIX 9JIeMeHTOB. IIoKa3aHO, YTO cofepzKaHue CyMMapHbIX
@JI B NmpoOAOJroBaTOM MO3ry NpMMEpPHO B 1,5 pasa Bbille, 4eM B Kope 60OJBbIINX
noaymapuii, npudeM okoJsio 70% 9Toit pa3HMIBI OTHOCUTCA 3a CUET 1a3MaJIOTeHHBIX
cdopm ammuHOoOChOMMIIMAOB, TOrga Kak CozepzKaHue AMauuIbHBIX (DOMpP aMMHO-
ochonMImAOE B NPOAOJTOBATOM MO3ry ObUIO JMIIL HE3HAYUTENbHO BbIIIE, YeM
B KOope OOoJBbIUMX IMOJIyLLIapWit.

Cozmepzxkanne parumit ochaTuaHbix Kucaor + noanrauiepodocdarnaos, doc-
donHO3NTHMAOB, docdarugonenTUAoB ¥ CHOUHIOMMENNHOB B IIPOZOJTOBATOM MO3IY
B CpefHeM B 2 pasa BbIlIe, YeM B KOpPe; COAEepIKaHMe JIELUTHHOB OAMHAKOBO B 00omx
JICCJIEIOBAHHBIX OT/AeJax.

IIpu cpaBHEHMM BeIMYMH OTHOCMUTEJNILHOV yAenbHOi paauoakTmsHocT (OVP)
Hanbonple pas3nuyuMa MeKAY KOPOi M IPOAOJIOBATBIM MO3roM OOHApyKeHbl JAJA
dparmn docdhonHo3NTUAOB, BeanunHbl OYP KoTOpoii B Kope OONBIIMX MOJIyILapuit
ObuM B 2,5 pa3za BbILIE, 4YeM B NPOAOJroBaTroM Mo3ry. Bemmumuasl OYP aasa miazma-
JIOTEHHBIX amMuHOMocdoIMmMAoB M docdaTnaonenTuaoB B Kope O0oJablINX IT0Jy-
apuit He3HAYMTEJIbHO BhbIIe, a AadA docdaTMAHBIX KMCJIOT M JEUUTMHOB — HUIKE,
YeM B ITPOZOJITOBATOM MO3TY.

VlareHcuBHOCTE OOMeHa pocaTHBIX TIpyNn AMAUMIBHBIX aMMHOMOCHOIUINIOB
n cOMHrOMMENMHOB OAMHAKOBa B 00omx otzenax mosra. O6GcyzxzparooTcs ocoOGeHHOCTU
cojepxaHma u obMeHa OTAeNbHBIX dpakumit PJI B MOP@OJOrM4ecKy pasinydHbIX
y4YacTKax LEeHTPaJbHOM HEPBHOM CUCTEMBI.
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H. JATZKEWITZ

INBORN ERRORS OF METABOLISM AS A CAUSE
OF DEMYELINATING DISEASE

Department of Biochemistry, Max Planck Institute, Munich, Western Germany

In examinating inborn errors of metabolism as a cause of de-
myelinating diseases only metachromatic leukodystrophy and Krabb’s
disease (globoid cell or globoid leukodystrophy) will be considered.

Both demyelinating diseases are characterized by an abnormal
amount of brain white-matter lipids. These lipids belong to the class
of sphingolipids and are specific components of the myelin sheath.
They are cerebrosides and cerebroside sulphates (= sulphatides).
Cerebrosides and cerebroside sulphates, however, are mot only consti-
tuents of brain white matter but also of other tissues e.g. kidney and
liver.

Their level in different tissues is regulated by two different
enzymes, an anabolic and a catabolic one (Fig. 1). The activity of the
two enzymes determines the turnover of a substance in cellular and
subcellular structures such as myelin, oligodendroglia, mitochondria, etc.

Inborn errors of metabolism usually follow the recessive mode of
inheritance. Garrod developed the concept that such diseases arise
because an enzyme governing a single metabolic step is reduced in
activity or missing alltogether.

With this one gene — one enzyme principle in mind, a defect of the
structural gene (similar to that verified in the hemoglobin variants)
could only produce an accumulation of a metabolic endproduct by
causing a defect in its catabolic enzyme (Fig. 1, Fig. 2).

On the other hand, a defect of the structural gene which induces
the anabolic enzyme should cause a deficiency of the metabolic end-
product (Fig. 2). One of ‘the two possibilities mentioned (deficiency of
the catabolic enzyme) is to be seen in metachromatic leukodystrophy,
the other one (deficiency of the anabolic enzyme) possibly in Krabbe's
disease (Fig. 2).

In our laboratory it could be shown (Mehl, Jatzkewitz 1965, Jatzke-
witz, Mehl 1969) that in metachromatic leukodystrophy a deficiency
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Fig. 1. Metabolic-endoproduct (C) accumulation in diseases caused by deficient

structural genes, inducing the catabolic enzyme (left: recessive; right: dominant
inheritance).

/= defect

chromosome

—? —— Pl

cerebroside sulphate e

: EETRARORC ;
i cerebroside sulphate = ot Jsferase cerebroside + PAPsulphate
urnover ¥
cerebroside sulphate )
. cerebroside L
cerebroside sulphate —, fe———— cerebroside + sulphate

—— +

—— —F—

Fig. 2. Diseases caused by deficient structural genes inducing either the anabolic
(left) or the catabolic (right) enzyme. Left: Deficient anabolic enzyme (cerebroside
sulpho-transferase activity) leading to metabolic-endproduct (cerebroside sul-
phate) deficiency in patients with Krabbe’s (= globoid) leukodystrophy. Right:
Deficient catabolic enzyme (cerebroside sulphatase activity) leading to a meta-
bolic-endproduct (cerebroside sulphate) accumulation Gn patients with meta-
chromatic leukodystrophy. PAPsulphate = phosphoadenosine — phosphosulphate.
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in the enzyme cerebroside sulphatase which splits cerebroside sulphate
(= sulphatide) into cerebroside and sulphate exists. Accordingly, an
accumulation of sulphatides is to be found in brain, kidney and liver,
i.e. in all the tissues where sulphatides play a role and a relative
deficiency of cerebrosides exists in the brain. In disintegrated cerebral
white matter the amount of sulphatides is 2 to 5 times that of normal
white matter. On the other hand, in Krabbe's disease sulphatides in
disintegrated white matter were mnearly absent, due to markedly
reduced cerebroside sulphotransferase activity in brain (Bachhawat
et al. 1967). This latter enzyme transforms cerebrosides into sulphatides
by attaching the activited sulphate grouup (PAPsulphate )to the cerebro-
sides (Balasubramanian, Bachhawat 1965, McKhann €t al. 1965).

Ceramide galactose 3 sulphate
cerebroside sulphate (I)

S _.fﬂ/aﬁack of .the enzyme

: e
0-=50Q;

2-hydroxy-5-nitrophenyl sulphate (II)

Fig. 3. Substrate (I) of cerebroside sulphatase and (II) of its heat-labile component,
arylsulphatase A.

In Fig. 3 the chemical structure of the aforementioned substances
is shown: cerebroside sulphate, which is accumulated in metachromatic
leukodystrophy (the negatively charged SOs-group is the cause of meta-
chromasia and is responsible for the name) and is deficient in Krabbe’s
disease, and an unphysiological substance, an arylsulphate (2-hydroxy-
-5-nitrophenyl sulphate).

These chemical structures are presented for the following reason:
In apparent contradiction to the assumption of a single enzyme block
in metachromatic leukodystrohpy, Austin et al. (1963) found that an
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enzyme, arylsulphatase A, which splits 2-hydroxy-5-nitrophenyl sul-
phate was also markedly diminished in brain and kidney in this disease.
The discrepancy has since been resolved. It has been shown that this
arylsulphatase A is a component of the cerebroside sulphatase (Mehl,
Jatzkewitz 1968).

The deficiency of cerebroside sulphatase and arysulphatase A was
demonstrated in kidney using tissues from 6 patients and 6 controls
(Fig. 4). Arylsulphatase B and acid phosphatase activity were determ-
ined in order to demonstrate the extent to which the tissues were
enzymatically intact. This was necessary since the samples were all
obtained by autopsy and stored in a refrigerator, sometimes for years.
It was difficult to obtain ‘them, as the wusual storage of organs in
formalin destroys their enzymatic activity. The same deficiency is to
be seen in the brain (Fig. 5).

CEREBROSIDE ARYLSULPHATASE A ARYLSULPHATASE B ACID PHOSPHATAS E
SULPHATASE ACTIVITY
my mole‘? Igl/h H molef Iglh M mole\s /g /h J moles lglh
6/ :
' (2]
4 & @ 40
504
1541 @ 8]
404 @ 30
37 (6
»
e o] @ » go 83 ga®
2 @ 20 [4]
@ 20
e _Hg
1 25 ﬂ)ﬂ
g 10 ﬂ
conl  pEDEEE< OO ’ =
CONTROLS ML CON TROLS ML CONTROLS ML CONTROLS ML

Fig. 4. Deficiency of cerebroside sulphatase activity and arylsulphatase A activity

in renal cortex in cases of metachromatic leukodystrophy (ML). Numbers in

circles (control patients) and those in squares (ML-patients) refer to the case

numbers (see: Jatzkewitz and Mehl, 1969). The enzymic activities are related to
fresh tissue weight.

The disease is a generalized one with regard to enzyme deficiency
and accordingly to ithe accumulation product. Therefore, its diagnosis
can be made with samples of venous blood by determining the aryl-
sulphatase A activity in leukocyte preparations (Percy, Brady 1968).
However, as just mentioned, the disease is a generalized one morpho-
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logical alterations (these including disintegration of myelin) being only
observable in the white matter of the bfain.

CEREBROSIDE ARYLSULPHATASES ACID
SULPHATASE ACTIVITY A B PHOSPHATASE
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Fig. 5. Defficiency of cerebroside sulphatase activity and arylsulphatase A
activity in cerebral white matter in cases of metachromatic leukodystrophy (ML).
For further details compare text of Fig. 4.

Morphological examinations indicated that the lysosomes of the
oligodendrocytes might be primarily affected in the disease (Résibois
1969). Accordingly, the impairment of the oligodendrocytes directly
and/or the induction by ‘the impaired oligodendrocytes of a “false”
composition of the myelin could predetermine its later breakdown.
For example, an abnormal lipid composition was found in myelin
fractions (O’Brien, Sampson 1965, Cumings et al. 1968) which were iso-
lated from autopsy material of patients. The same, namely a false”
composition of the myelin sheath (lack of sulphatides as building
blocks), could be the cause for the demyelination in Krabbe's disease.

A final point remains to be clarified. That is the clinical onset and
duration of metachromatic leukodystrophy and their relation to the
residual catabolic enzyme activity and the amount of the stored sul-
phatides. Since the disease affects children, young people and adults,
it is to be expected that residual cerebroside sulphatase activity
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should be higher with increasing age at clinical onset and consequently
the accumulation of sulphatides lower. Contrary to these expectations,
no such relationships have been found in our cases up to the age of 20,
either on the enzyme (Figs. 4, 5) or the substrate level (Fig. 6). However,
the amount of sulphatides accumulated seems to be lower in older
patients than in those investigated here (Jatzkewitz 1960, Sourander,
Svenerholm 1962, Jatzkewitz et al. 1964). -
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Fig. 6. Total glucolipid content in formalin-fixed brain white matter and kidney
of ML-patients, expressed in percentages of dry weight in relation to onset of
clinical symptoms and age at death F (years).

Moreover, the disease points to a change from the recessive mode of
inheritance to the dominant one (see: Austin et al. 1968). In the afore-
mentioned paper the authors suggest that the lower accumulation of
the sulphatides in these cases might be due to a change in the pattern
of different multiple forms of the catabolic enzyme (cerebroside sul-
phatase). Another reason might be that the older patients are hetero-
zygotes (Fig. 1, right) and accordingly only half of the amount of the
catabolic enzyme might be defective.

Acknowledgement: I gratefully acknowledge the permission by Pergamon Press
to reproduce Figs 4, 5 and 6 from the Journal Neurochemistry.
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WRODZONE NIEPRAWIDEOWOSCI METABOLICZNE JAKO PRZYCZYNA
CHOROBY DEMIELINIZACYJNEJ

Streszczenie

Leukodystrofie: metachromatyczna 1 globoidalna zostaly wybrane jako
przyklady wrodzonych nieprawidlowo$§ci metabolicznych powodujgcych demielini-
zacje. Defekty enzymatyczne powodujace spichrzanie lub prawdopodobny brak
sulfatydow w tych dwu jednostkach chorobowych stanowig podstawe rozwazan.
Wykazano w leukodystrofii metachromatycznej (nerka i modzg), ze enzym kata-
bolizujacy odpowiedzialny za rozklad sulfatydéow byl zredukowany do granic
wykrywalno$ci (1—6%) warto$ci kontrolnych. IloSciowe badania podwyzszonego
poziomu sulfatydéw, spowodowanego brakiem tego enzymu w zdemielinizowanej
istocie bialej mézgu i w merkach, nie wykazalo zwigzku pomiedzy ilo$cig nagro-
madzonych sulfatydéw a przebiegiem klinicznym oraz czasem trwania choroby
lub tez wiekiem zej$cia $miertelnego (az do wieku lat 20). W pracy przedysku-
towano rozmaite aspekty genetyczne tego problemu oraz czynniki powodujace
wzmozong chorobe demielinizacy jng.

T'. AugeBuig

BPOXKJIEHHBIE METABOJMYECKNUE TE®PEKTBI KAK ITPUYMHA
JEMUDJIN3AIIVIOHHON BOJE3HU

ConxepxaHue

MeraxpomMaTndeckasa M KPYTJIOKJETO4YHas JeiroamceTpochuy BBIGpaHbl Kak Ipu-
Mepb! BPOXKAEHHBIX MeTab0aMIeCKUX ITOPOKOB BBI3BIBAIOIMX AEMMUIIMHU3ALNIO. DH3MU-
MaTUYeCKye IIOPOKM BBI3bIBAKOIME HArPOMOXKAEHME WM Ke BEepPOATHBII HEeXBaTOXK
cynbdaruzo B obeux 6Gose3HAX HBMINCH OCHOBOM paccyzxkzaeHwmir. ITokasamm, HTO
B METaxpoMaTM4YecKoi JeikoaucTpodmym (MO3r m IoukM) KaraGoamsmupyoumiz dep-
MEHT OTBETCTBEHHBLI 3a paszjiokeHme cyiabdaruioB OGbul peayuMpoBaH /IO TIPaHMIIbI
onpenensiemoctu (1—6%0) KOHTPOJNBLHBIX BeanduH. KoanyecTBEeHHOE MCCIEAOBaHME II0-
BBIILIEHHOTO YPOBHS CyJbMaTUAOB BBI3BAHHOTO HEJOCTATKOM YIIOMAHYTOro (epMeHTa
E JeMMUJIMHU3MPOBAHHOM O€JIOM MO3TOBOM BellleCTBe He IIOTBEePAMJIO CYyLIeCTBOBAaHMA
CBA3M MeXKJY KOJMYEeCTBOM HAKOILUIEHHBIX CyJab(MaTnioB a KIMHUYECKUM TeYeHueM
M BpeMeHeM NpPOoTeKaHus OOJIE3HM MM BO3PacTOM CMEPTHOro mcxoza (70 Bo3pacra
20 mer). B pabGore obGcyzKzaaioTcsA pa3HbIe IeHeTMYeCKyue acleKThbl 3TOro Bompoca Kak
¥ (hbakTOphI BBLI3BIBAIOLME YCUIEHHYIO JIEMMIIMHM3ALMOHHYIO 0GOJIe€3Hb.
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FATTY ACID COMPOSITION OF BRAIN CHOLESTEROL ESTERS
IN SOME NEUROLOGICAL DISORDERS WITH MYELIN
INVOLVEMENT

(Preliminary commumnication)
Department of Nervous and Mental Diseases University of Perugia, Italy

It is known that in demyelinating diseases cholesterol esters are
present in various amounts, while in normal tissue they are practically
absent (Cumings 1953, 1955, Rodnight 1959, Davison, Wajda 1962).

Also in Wallerian degeneration the formation of cholesterol esters is
one of the most characteristic features. Cholesterol esters have been
reported in what is known as primary demyelinating diseases, such as
multiple sclerosis, leucodystrophies and in neurolipidoses.

On the other hand changes have been found in the amount of
individual lipids, and of total fatty acids, and in the fatty acid com-
position. Summing up the results reported by several authors in multiple
sclerosis it appears that the main chemical abnormalities concern
a decrease of plasmalogens, cholesterol and sphingolipids (mainly
sphingomyelin).

Moreover, as far as fatty acids are concerned, the content of long-
-chain saturated fatty acids (both unsubstituted and hydroxy) and
unsaturated fatty acids (polyunsaurated and monoenoic, mainly oleic)
is decreased (Davison, Wajda 1962, Gerstl et al. 1963, 1965, Cumings
et al. 1965, Amaducci et al. 1965, Kishimoto dt al. 1967).

The present research was undertaken to get an insight into the
phenomenon of cholesterol esters formation in brain white matter
during demyelination.

Our data concern quantitative cholesterol esters determination and
their fatty acid composition in white matter specimens from cases of
multiple sclerosis. A few data are also reported on cholesterol esters
fatty acid composition in noninflammatory diseases, such as meta-
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chromatic leucodystrophy, gargoylism, sudanophilic leucodystrophy
and infantile amaurotic idiocy.

MATERIALS AND METHODS

Specimens of white matter from 5 mormal adult brains, from
4 brains of patients who died of multiple sclerosis, and from one case
of metachromatic leucodystrophy and one of infantile amaurotic idiocy
were taken for analysis, all from deep-freeze stored brains, pre-
ferentially from the same regions of the centrum semiovale.

Three specimens were taken from each multiple sclerosis brain.

Lipids were extracted twice with chloroform-methanol (2:1 v/v).
Part of the lipid extract was used for total cholesterol, phosphorus
and hexoses determinations and proteolipid evaluation. About 20 mg
of lipid were applied on preparative silica gel G. Merck plates and
developed with petroleum ether-ethyl ether (80 :20 v/v). The plates
were then sprayed with bromthymol blue in water-ammonia solution.

Cholesterol and cholesterol esters bands were scraped off and
extracted by threefold washings with chloroform.

The cholesterol esters/cholesterol ratio was evaluated by the Lieber-
mann-Burchard test in known amounts of both eluates. Cholesterol
esters were partly applied on silica gel F 254 Merck plates, developed
3 times with heptane-toluene (60 :25 v/v) according to Alling et al.
(1968) to visualize the individual cholesteryl esters fractions, partly
concentrated and again applied on preparative silica gel plates de-
veloped with the same solvent, sprayed with bromthymol blue, and
scraped off. The cholesterol esters were extracted as described above,
transmethylated with half-saturated methanolic-hydrochloric acid, taken
up in hexane and injected into a Carlo Erba type AID fractovap gas-
-chromatograph wusing 20% butanediol succinate on chromosorb W
columns at working temperature of 183°C and N, pressure of 0:80 atm.

Some silica gel plates without any lipid applied were treated in the
same way and the chloroform-extractable substances from silica gel
surfaces comparable to that scraped off in the case of cholesterol esters
were injected into the gas-chromatograph as well.

This was done in order to reduce background interference which
seemed to be of some importance when the cholesterol esters amount
was found to be very low, such as in normal white matter and in some
pathological specimens. Unknown substances gave peaks with carbon
number corresponding to C14:0, C15:0, C16:0, C16:2, C18:0, C18:1, C20:1
fatty acids. The relative proportion was found by repeated observa-
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tions to be rather constant, and since an accurate determination of
the amounts of both C16:0 and C18:1 fatty acids of cholesterol esters
was of basic importance, it seemed necessary to substract in each chro-
matogram the part of the C16:1 and C18:1 peak due to the background.
Correction was done by evaluating in each cholesterol esters
chromatogram the peak with carbon number C16:2 which was found
to be the highest peak of the background chromatogram, and which
did not correspond to any fatty acid known fto occur in a significant
amount in cholesterol esters. The height of ‘this peak was taken as the
index of contamination and, when present in a chromatogram of
cholesterol esters in amounts exceeding 1/15 of the height of the
corresponding peak in the sillica gel-solvent background chromato-
gram, a correction was done, because the C16:0 peak of contaminants
exceed that of the C18:1. The C14:0 and C15:0 peaks of cholesterol
esters were neglected owing to the large amounts of contaminants.

RESULTS

Table 1 reports the cholesterol esters/cholesterol ratio and the fatty
acid composition of brain white matter cholesterol esters from 5 normal
adults, 7 out of the 12 multiple sclerosis specimens examined, 2 samples
of infantile amaurotic idiocy white matter, and one each from meta-
chromatic leucodystrophy, gargoylism and sudanophilic leucodystrophy
cases.

Cholesterol esters in mormal adult brain have been found to be
present in amounts which, although detectable on TLC after concentra-
tion, are very low: about 0:2% of total cholesterol.

Identification of fatty acid higher than C20:4 was only tentative.
Fatty acids were identified by calculating their carbon number and
using references of main saturated, linolic and arachidonic fatty acid.

Data for mormal values in adults are reported as mean values for
each fatty acid, together with the standard deviations. Cholesterol
esters fatty acid composition of 7 out of 12 multiple sclerosis speci-
mens ‘are also reported, arranged in a sequence based on the degree
of esterification of cholesterol found in each specimen, regardless of
factors such as brain source and amounts of plaques and of apparently
normal white matter.

However, white matter specimens from the same brain showed
similar cholesterol esters amounts in all 3 experiments. Data referring
to remaining 5 multiple sclerosis specimens are omitted in Table 1
because they are strictly similar to some of those reported, both as
cholesterol esters content and fatty acid composition.
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5 Normal adults MS specimens (4 brains, from 25—54 y. old M.L. | Garg. | Ort.L. TAI
7o Cholesterol esters (18—43 years old) patients) Ty |15 v [+25 3. 35y.
Free cholesterol " 12 | 14 | 71 | 102 | 147 [ 312 | 381 | 10 | 19 | 27 | 50 | 40
o |
Fatty acid mean + S. D.
Cl16:0 336 54 3041 30:8- | 21°97| 21°5 | 210+ 2071 20:0: | 501 | 422 —_ 244 | 259
C16:1 90 41 9-8 39 49 33 | 110 24 27 64 42 | 130 60 53
C18:0 61 36 36 67 69 49 42 2 70 53 9:5 51 44 45
Ci8:1 292 51 | 364 | 41'4 | 412 | 46'5 | 480 | 52'1 | 489 | 220 | 338 | 283 | 576 | 552
C20:::1 1-0 06 — 07 2:2 20 141 21 30 ¢ foif 15 2:8 07 10
C20:2 i — — 18 05 12 23 07 - — — - —
C20:3 tr. 24 — 0-8 — 25 34 03 - == e — —
C20:4 122 4+6 85 37 61 69 50 41 41 09 2-8 14 1-8 22
€221 13 10 06 19 09 07 — — 07 179 111 10 05 05
G2 :3 12 12 tr. — 19 08 0°7 09 10 f 07 13 T tr.
C22:4 1-8 13 67 — 39 3i3 06 10 3-8 19 41 ¥7 36 42
C22:5(m —3) 28 1:3 13 61 45 60 25 54 47 2:9 e 22 1-0 1-2
C22:6 20 i 04 31 30 3% 1:0 3:5 30 30 — 94 1. tr.
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Also two determinations of cholesterol esters fatty acid from an
infantile amaurotic idiocy brain are reported, together with one
determination from a case of gargoylism, of metachromatic leuco-
dystrophy and of sudanophilic leucodystrophy. The latter results
should therefore be considered as preliminary. Figure 1 shows the
cholesterol ester fractions on TLC according to Alling et al. (1968).
1 refers to human plasma cholesterol esters, in which the main band
has been demonstrated (Alling et al. 1968) to correspond to cholesterol
linoleate. 2 and 4 refer to cholesterol esters from MS and infantile
amaurotic idiocy respectively: in both the main band corresponds to
that of monoenoic fatty acid in accordance with GLC fatty acid
determination.

The mormal cholesterol esters pattern (3) shows main bands cor-
responding to saturated and monounsaturated fatty acids, confirming
once more GLC analyses where C16 :0 and C18:1 have been found
to be the main fatty acid.

DISCUSSION

Data concerning white matter cholesterol esters fatty acid are rather
scanty in the literature: Cumings et al. (1965) report in MS white
matter a cholesterol esters fatty acid composition which qualitatively
corresponds to that reported by us. However it seems that the percen-
tual content of individual fatty acids in MS cholesterol esters cor-
responds to our mormal values, where the main fatty acids are C16:1,
while in our MS specimens 'the C18:1 is, by fair the dominating fatty
acid.

Gerstl et al. (1966) in a case of sudanophilic leucodystrophy although
tentatively identifying fatty acids higher than C20:4 as long-chain
saturated and monounsaturated up to C25:0, give a qualitative and
quantitative pattern of the main white matter cholesterol esters fatty
acids corresponding to that observed by us in MS and infantile amaurotic
idiocy, where the main fatty component is oleic acid. These authors em-
phasize the high amount of this fatty acid in brain cholesterol esters as
compared with the typical higher content of linolic acid of human plasma.

As far as our normal values are concermed, several determinations
give evidence of a higher and almost similar content of C16:0 and
C18:1 fatty acids, arachidonic acid giving values around 12%. It should
however be pointed out that a rather high degree of variability of values
has been observed, as indicated by the standard deviations, probably
in connection with the difficulty in obtaining preparations free of con-
taminants. Further work should be done in 'this field. The fatty acid

Neuropat. Pol. 3 6
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.pattern of mormal white matter cholesterol esters sharply differing
from that of plasma cholesterol esters excludes the possibility that the
pattern of mormal brain cholesterol esters fatty acid might be con-
tamined by blood remnants in white matter; moreover, cholesterol
esters in erythrocytes are known ito be absent.

From specimens with high cholesterol esters/cholesterol ratio where
the effect of impurities is excluded, the pattern of fatty acids esterified
with cholesterol in pathological conditions may be definitively establish-
ed. However, three groups of cholesterol esters fatty acid patterns may
be seen: those of normal adult brain, with 3 main fatty acids, palmitic,
oleic and arachidonic, those of samples with high cholesterol esters
content showing oleic acid content around 50%, and a ithird group of
pathological specimens with lower cholesterol esters content, where an
intermediate pattern is seen.

In the second group both inflammatory” diseases such ‘as multiple
sclerosis and degenerative diseases, such as infantile amaurotic idiocies,
are included, indicating that cholesterol esters formations in nervous
tissue is an aspecific reaction to demyelination regardless of the agent.
It might be pointed out that in infantile amaurotic idiocy, with only
about 5% cholesterol esters, as compared with about 40% in some MS
specimens, the amount of C18:1, which is the fatty acid preferentially
esterified by cholesterol in pathological specimens, is higher than in
all MS specimens. Whether this might be simply due to the different
age of the patients and to 'the different brain lipid composition or to
some difference between inflammatory and degenerative demyelina-
tion, as far as cholesterol esters formation is concerned, is mot possible
to ascertain. Further work seems necessary also in this field for in-
stance the determination of brain cholesterol esters fatty acid in infants.

Similar conclusions may be drawn from the third group of chole-
sterol esters fatty acid patterns, where both MS specimens and dege-
nerative diseases are included.

All specimens of this group had a lower content of cholesterol esters,
about 1—3% although they differed less as far as age is concerned start-
ing from 7 years in the case of metachromatic leucodystrophy. As already
pointed out, data concerning some of the cases reported have to be
considered as preliminary owing to the fact that only one cholesterol
esters fatty acid determination was done.

As far as the determination of cholesterol esters content and of their
fatty acid pattern in 4 brains from multiple sclerosis is concerned, it
is worthwhile to point out that fatty acid composition, when a small
amount of esterified cholesterol was present in white matter, did not
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differ much from normal values, but starting from 7% concentration
up to about 40% a similar pattern was observed, showing that oleic
acid concentration remained stable arounud 50%, even when cholesterol
esters amounts increased in the tissue.

It seems that when a certain amount of cholesterol esters is present
in the tissue, a different type of cholesterol esters synthesis or a dif-
ferent source of fatty acid available for esterification with cholesterol
is involved.

A brief discussion on two points raised by our results may be of
some importance: 1) It is possible that the fatty acid pattern with very
low amounts of normal brain cholesterol esters, as seen by gas-chro-
matographic analysis might be in some way affected by monfatty acid
contaminants.

However, the separation of cholesterol esters components in TLC
(Fig. 1) shows that in normal white matter, cholesterol esterified with
saturated fatty acids is present in higher amounts, in accordance with

1 2 & s

Fig. 1. TLC of cholesterol esters components of human plasma (1); MS white
matter (2); normal adult white matter (3); infantile amaurotic idiocy (4). See text.
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GLC, where C16:0 is the main fatty acid. 2) The highest choleste-
rol esters content was found in a case of what is known as acute”
MS, a girl 25 years old, where mostly plaques of recent type were seen
in histological examination. Other cases showed mostly old” plaques.
It seems therefore, that the highest esterified cholesterol content may
be linked with the clinical form of the disease and with a more recent
type of plaque and recent demyelination. However, the fatty acid pat-
tern was found to be almost identical in all cases. If we mow take in
account that the total white matter cholesterol was drastically decreas-
ed in all specimens analyzed, reaching a maximum of 25% depletion,
and that in the extreme case of cholesterol esters formation there is
about 200 times larger cholesterol esters amount than in normal, it
results, from gas-chromatographic analysis, that mot only oleic acid,
but also several other fatty acids are esterified in greater amounts
with cholesterol in pathological specimens. Fatty acids seem to be
taken up, probably from glycerol-phospholipids mostly randomly, with
the ?xception of a preferential uptake of oleic acid. Both processes
seem to occur random and preferential esterification of cholesterol
oleate.

As far as the source of these fatty acids and the mew synthesis of
cholesterol esters are concerned, several hypotheses may be suggested:
1) an ex-novo synthesis of fatty acids on the cholesterol substrate,
2) cholesterol esters migration from blood, as recently demonstrated
for free cholesterol by Chevallier et Giraud (1966), 3) fatty acid might
be freed from phospholipids by activated phospholipase A (acting pre-
ferentially on the beta position) and then esterified with free cholesterol
which has lost its relationships with other membrane components owing
to demyelination, 4) fatty acids might undergo a process of direct trans-
acylation from lecithin to cholesterol by a hypothetical brain lecithin-
-cholesterol acyltransferase.

The first metabolic mechanism is far from being demonstrated, the
second one seems to be highly improbable, in view of the clear-cut dif-
ference between plasma and brain cholesterol esters. Lecithin-choleste-
rol acyl-transferase has been demonstrated to be an important enzyme
in plasma (Gjone, Norum 1968), where it seems to play a role in the
transport of cholesterol from tissues to liver (Glomset 1968) but it has
never ben demonstrated in brain. It is, however, interesting that
Cumings et al. (1965) and Amaducci et al. (1965) report a preferential
depletion of C18:1 fatty acids in white matter total phospholipids
and lecithins in multiple sclerosis; this supplementing our report on
the C18:1 increase in white matter cholesterol esters in the same
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disease. The mechanism postulating phospholipase A activation might
therefore be involved both in the C18:1 depletion of phospholipids
reported by these authors and the preferential C18:1 uptake in newly
formed cholesterol esters in demyelination.

P. Borri, G. Macchi, M. Taramelli

SKELAD KWASOW THUSZCZOWYCH MOZGOWYCH ESTROW CHOLESTEROLU
W NIEKTORYCH ZABURZENIACH NEUROLOGICZNYCH Z USZKODZENIEM
MIELINY

Streszczenie

Przeprowadzono analize estr6w cholesterolowych kwaséw tluszczowych na
materiale autopsyjnym istoty bialej moézgu z przypadkéw stwardnienia rozsianego,
dzieciecej choroby Tay-Sachsa, leukodystrofii metachromatycznej i maszkaroniz-
mu i poré6wnano wyniki ze skladem kwas6w tluszczowych estréw cholesterolu
z prawidlowej dstoty biatej. Gl6wne roéznice dotyczg kwaséw monoenowych i nie-
nasyconych.

Podjeto tez probe okreslenia bezwzglednych ilosci estréw cholesterolu i innych
lipidow mozgu celem upewnienia i€ o istnieniu wspéizaleznoéci pomiedzy spad-
kiem zawarto$ci miektérych kwaséw tluszczowych w fosfolipidach i wzrostem ich
zawarto$ci w grupie estréw cholesterolu.

II. Boppyu, I'. Makkyu, M. Tapamanan

COCTAB ZKVPHBIX KUCJOT 95$VPOB XOJECTEPMHA B HEKOTOPBIX
HEVIPOJOTMYECKMUX PACCTPOVMICTBAX ITPOTEKAIOIIUX C MUDJMHOBBIM
KOMIIOHEHTOM

ConpepxaHue

IIpoBefieH aHaJIM3 IKUPHBIX KMUCJIOT 3(MPOB XOJIeCTEPMHA HA CEKLMOHHOM Ma-
TepuaJje ObII0 BellecTBa TOJOBHOTO MO3ra CO CJIy4YaeB PacCesHHOTrO CKJepo3a, JAeTCKOil
aMaypoOTUYeCKO WAMOTMUM, MeTapoMaTUYecKoi Jenroaucrpodmm u rapromiamsma.
Pe3ynbraThl CPaBHEHbI C COCTABOM JKMPHBLIX KMCJIOT 9(OMPOB XOJIeCTEpUHA HOPMAalb-
Horo Gejioro BemjecTBa Mo3ra. I'JlaBHBIe pa3anumusa KacalTcd aamndaTuyecKnx ¥ HeHa-
CBIIEHHbBIX XKMPHBIX KMCJOT.

IIpeanpuHATA OOMBITKA ONPEAeNeHus aGCOJIOTHBIX KOJNYecTB 3(DMPOB XoJieCTepuHa
M APYIMX MO3TOBBIX JMIMAOB LEJbI0 ITOTBEPKACHMUA CYILIECTBOBAHMA B3aMMOCBA3IL
MEIXy CHUIKEHMEM COAepIKaHMA HEKOTOPLIX KMPHBIK KMUCIOT docdhoaunuaoB u yBe-
JIMYeHMEeM MX coAepikaHusA B 9(hupax xojecrepuHa.
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STUDIES ON THE SPECTRUM OF GLOBULINS
IN ENCEPHALOMYELITIS DISSEMINATA

Department of Neurology and Psychiatry Martin-Luther-University —
Halle—Wittenberg DDR

Spectrum of vy-globulins from the cerebrospinal fluid studied by
paper-electrophoresis shows in multiple sclerosis an increase in 55—
—65% of all cases. In cases of MS with all classical symptoms this
v-globulin increase reaches even 75% of them. The results of electro-
phoretic investigation of serum are different. In literature the data
concerning this subject are controversial. Many authors have found
a small y-globulin increase, others report normal values.

In evaluation of our agar-electrophoretic results in 79 cases of mul-
tiple sclerosis we tried to distinguish in the course of the disease an
acute, subacute and chronic form. Later statistical evaluation of the
results of the fluid and serum agar electropherograms was carried out
by the U or T-test.

T = 1,98 corresponds to a 5% probability. Calculation of the mormal
values was done on the basis of 23 cerebrospinal fluids and 40 sera
from patients without any neurological and psychiatnic symptoms. The
results concerning cerebrospinal fluid were mormal. Table 1 shows the
results of c.s.f. agar pherograms of 16 acute multiple sclerosis patients.
They show a statistically significant increase of the y,- to Yys-globulin
fraction with a peak of v;.

Table 2 shows in 28 subacute cases a significant increase of y-glo-
bulin fraction including the ¥y;-globulin band. Here also the peak lies
at the ys-globulin fraction.

Table 3 demonstrates in 35 chronic cases the same rise of y-globulin
content with a y3-globulin peak.

Pathological mobilities are not present in these three groups. A gra-
phical demonstration of the increased y-globulin fractions (Fig. 1) in
the acute, subacute and chronic course shows only slight differences
in the position of y-globulin peaks.
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Table 1. Statistical evaluation of the spinal fluid agar pherograms in acute multiple

sclerosis
M n=23 M n=16 i g
!
A\'% 481 434 ‘ 0-83
Alb. 6912 61-93 1-61
o 485 379/ 211
% 468 424 | 029
B 7°61 666 7 1-53
3 3-88 392 { 029
¥t 1:23 1-48 | 0-62
Y1 092 113 | 1-31
Y 092 263/ 1 3-04
s 133 ‘ 537/ ; 430
7 046 | 262/ | 359
Ys | 017 (ﬂ/‘ ] 317
n = Number of cases; M = Mean value in relation %;.
Table 2. Statistical evaluation of the spinal Table 3. Statistical evaluation of the spinal
fluid agar pherograms in chronic multiple fluid agar pherograms in chronic multiple
sclerosis sclerosis
Mn=23| Mn=28 T Mn=23| Mn=35 | &
\'% 481 554 097 v 4-81 I 562 : 1-01
Alb. | 6912 59-60./ 3-90 Alb, | 6912 6114 | 401
o | 485 483 070 w | 485 | om 065
o 468 518 0-89 o 468 ‘ 391 f 1-85
B 7:61 650 244 g g:61504 691 | 182
5 | 388 ESE 066 5 | w8 | 416 | o024
Y1 1-23 136 076 Y1 ‘ 1:23 i' 1-74 . 006
Y, | 092 122/ | 370 Yol 09 L b4/ | T8
12 092 217 | 309 © {09 | 1N ‘ 2:29
Ys 1:33 ?82/' ﬁo— X3 l 1:33 ; E/ | E
Yo | 046 262/ | a2 Yol o%e | W8/ | 309
Ys | o017 091 | 363 ol P | 05/ | 248
e ot [
n = Number of cases; n = Number of cases;
M = Mean value in relation % M = Mean value in relation %

Statistical comparison of the significantly increased fractions, is mot
significant except for a o;-globulin diminution in acute cases (Table 4).
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— Acute
-=—Subacute
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Fig. 1. Correlation of y-globulin fractions in A
acute, subacute and chronic multiple sclerosis
forms. or
2-.
i o
0 1 1 1 1 1 1
h o B B 4 %

The globulin spectrum of the cs.f. fractions shows in all courses
a maximum in the ys-part inclusively with an increase of y;- to
vs-globulin bands. The single case of vs;-globulin augmentation reported
in the literature, is difficult to interpret. The three forms show largely
conform behaviour of the globulin spectrum so that the antibody pro-
duction seems in all stages to be the same with slight differences.

Table 4. Statistical comparison of the significant fractions in the different disease types

M
acut |

M
subacut

M
acut

M
chron

M M

'
subacut | chron

Ab. | 6193| 5960 | 033 | Alb. '6193'61 14| 048 | Ab. | 5960 | 6114 031
o | SB[ a8 | 206 | w |3W] 4720w [ = S

1
P 666 650 |09 | B | — | — | — | B 650 691 | 1112
T 1131 122 | 077 | vy, | 113| 141|126 | v, | 122 | 141] 091
v 26| 217 ‘0-79 ys | 263| 180|137 | v» | 217 | 180 103
Y, | 537| 582 (033 | vy | 537| 418( 090 | Yo | 582 | 418| 117
Yo | 262| 262 | 018 | y. | 428| 262 087 | v. | 262 | 228| 098
Ys | 078 091 | 045 | ys | O78| 054|091 | Ys | 091 | 054 116

M = Mean value in relation %, .
&
|

In view of the normal y-globulin values in the serum it is probable,
that the pathophysiological action of multiple sclerosis is predominantly
limited 'to the pia-arachnoidal space and the brain. The participation
of the other part of the reticulo-endothelial system as for instance
in panencephalitis and syphilitic disease is not relewant.

Studies with labeled globulins show an autologous y-globulin build-
ing in within the liquor spaces, which can increase up to 90% of the
total liquor vy-globulin. y-Globulin bands could only be visualized in
single cases in contrast to the findings of Lowenthal (1964) and Here-
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mans (1960), who found this fraction very often increased. The altera-
tions of the a- and f-globulins in cerebrospinal fluid are not significant
as well as in the serum.

According to Corridori and Pellegrini (1960) an increase in concen-
tration of a,-globulins is demonstrated in paper electrophoretic in-
vestigations. Bauer and Heitmann (1958) could not confirm this is finding.

To the a,-globulins belong as-macro-globulin and haptoglobins. The
level of haptoglobin varies in relatively wide limits. As an acute-phase
protein it shows a clear increase of concentration in inflammatory pro-
cesses. On separation by means of polyacrylamide electrophoresis we
noted an increase of Hp 1—1 content in the sera of 1—1 and 2—1
multiple sclerosis patients. In our investigations we found all ‘three
main types 1—1, 1—2, and 2—2— so that no sure relation could be
established between the course of disease and Hp-type. For information
Hp-bands in the acrylamid pherogram are shown schematically in Fig. 2.
Beside the normal spectrum, in patients with multiple sclerosis, we found
in the 1—2 type from the cerebrospinal fluid an additional band.

Start
e e
-1trigger
(e o
Fig. 2. Scheme of polyacrylamid electro-
phoretic separation of haptoglobin bands Gl o= Normal
in cerebrospinal fluid of multiple scle- 2-1 trigger
rosis patients. 4} ) AR RSO )
(T Normal
2-2 trigger
(I]M MS : 99

In the 2—2 type fthere exist even five bands. Our material is at the
moment relatively small, so that there was no possibility for statistical
analysis. In contrast to this fact, the findings may be important in
view of a strengthened function of the barrier. Cendrowski and Snigu-
rowicz (1964) have found in the serum of MS-patients a significant
increase of tofal haptoglobins what stands in agreement with the few
increased a,-fractions in serum electropherograms. The disturbance
of the barries is in this illness acceptable as studies by means of im-
munoelectrophoresis show in c.s.f. an increase of the anodic part of
the y G-line and the existence of a y-A-band. We state an agreement of
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our results with the findings of Schrader and Weise and also Rowlan
and Randt.

The results of our electrophoretic studies of the cerebrospinal fluid
and blood serum in MS cases may be summarized as follows:

1. The characteristic kinetics (sharp peak) of y-globulin increase,
with a maximum corresponding to y-3 globulins seems to be of diag-
nostic importance.

2. No special patterns of y-globulin increase, associated with various
courses of the disease have been detected; it seems therefore likely that
there is a continuity of antibody synthesis through the acute to the
chronic type of disease.

3. No significant increase of blood serum vy-globulins could be de-
monstrated.

4. A slight increase of a-globulins in blood serum may depend, among
other things, upon the increase of haptoglobin content.

5. In the cerebrospinal fluid of both Hp 1—2 and Hp 2—2 patients,
additional Hp bands occur. This may indicate that the barrier function
is disturbed.
ey

&
Al

R. M. Schmidt, H. Diessner
BADANIA GLOBULIN W ROZSIANYM ZAPALENIU MOZGU I RDZENIA

Streszczenie

1. Charakterystyczna kinetyka w formie ostrego szczytu wzrostu y-globulin
z najwyzszym punktem odpowiadajgcym y-3 globulinom wydaje sie¢ mieé¢ znacze-
nie diagnostyczne.

2. Nie zaobserwowano szczegélnych prawidlowosci wazrostu y-globulin w sko-
jarzeniu z Téznymi typami przebiegu choroby; wydaje sie przeto prawdopodobne,
ze istnieje cigglo§é syntezy przeciwcial w czasie ostrego i przewleklego typu
choroby.

3. Nie udalo sie wykazaé znamiennego wazrostu y-globulin w surowicy krwi.

4. Niewielki wzrost y-globulin w surowticy krwi moze zaleze¢ m. in. od zwiek-
szenia ilosci haptoglobin.

5. W plynie mézgowo-rdzeniowym zaréwno u mosicieli Hp 1—2 jak i Hp 2—2
pojawia sie dodatkowe pasmo Hp. Moze to wskazywaé ma uszkodzenie czynno$ci
bariery.

P. M. IImugr, T'. JnccHep

VICCIELOBAHME TIJIOBYJMHOBOI'O CIIEKTPA B PACCEHHOM
SHIEDAJIOMUDJINUTE

ConxgepxaHue

1. XapaKrepucTuuecKasad KMHETMKA B (popMe OCTPOTrO NMKa yBeJU4eHus Y-Irjiaoby-
JIMHOB C BePXYIIKOJ OTBETCTBYIOIEH Y-3-TJIO0yJNIMHAM MMeEeT, KaxKeTcHd, AMarHo-
CTMYECKOe 3Ha4deHue.
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2. He HaOmiomanm OCOGEHHBIX IIpaBMJI YBEJIWMYEHMA Y-IJIOOYJIMHOB B COYeTaHMUM
C Pas’sHbBIMM THUIIaMM TedeHus 00Je3HM; BEPOATHO 3aTeM, CYLIEeCTBYeT HEIpephIB-
HbI/i CHMHTE3 aHTUTEeJ BO BpPeMA OCTPOrO M XPOHMYECKOro Tuma Gose3Hu.

3. He ypanoch BBIABUTH CYIIECTBEHHOIO YBENWYEHMA Y-TJIOOYJIMHOB B KPOBAHOM
nyasme.

, 4. HeGonpllioe yBenamueHMe COAepzKaHus Y-riI00yJMHOB B ILIa3Me KPOBM MOIKET
ObITH 3aBMCMMO M.IIP. OT YBeJMYEHMUs KOJMYECTBA IaIllTOIJIOOMHOB.

5. B CIOMHHOMO3rOBOM KMUAKOCTM Tak y Hocuteneir Hp 1—2 Kak u Hp 2—2
noaBaserca aobaBoyHaa mosoca Hp. DTo Mozker yKa3blBaTh Ha IIOBpeXKAEHME
dbysruun 6apbepa.
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CEREBRAL VASCULAR PERMEABILITY
IN EXPERIMENTAL ALLERGIC ENCEPHALOMYELITIS *)

Department of Pathology Guy’s Hospital Medical School London University,
Gireat Britain

Experimental allergic encephalomyelitis (EAE) is an autoimmune
disease in which circulating antibody and sensitised cells are produced
against a basic protein component of myelin. Most of the evidence
suggests 'that the lesions are due to specifically sensitised lymphocytes,
although the role of circulating antibody is still disputed. Delayed
hypersensitivity skin reactions to the encephalitogenic protein correlate
with ‘the onset and severity of the disease (Shaw et al. 1965), while
circulating antibody titres do mnot (Caspary 1966). EAE has also been
transferred to normal animals with suspensions of lymph node and
spleen cells (Paterson 1960, Stone 1961, 1968). Serum on the other
hand, is ineffective (see Chase 1959) and may even exert a protective
effeot when injected into rats developing the disease (Paterson et al.
1965).

However, there is some evidence that circulating antibody may play
a role in the production of the lesion. Bornstein has shown ithat serum
from animals with EAE will damage myelin and gial cells in tissue
culture (Bornstein, Appel 1961, Lamoureux et al. 1966) and Peterson
found this “myelinolytic antibody” in the serum of recipient animals
after passive cellular transfer (Peterson 1963).

There are also a number of reports suggesting that the increase in
cerebral vascular permeability occurring in this disease precedes the
appearance of inflammatory cells in the central nervous system. They
include autoradiographic studies with 1311 and !25I-labelled albumin
and — more recently — immunofluorescent localisation of serum
proteins in the brain parenchyma (Vulpe €t al. 1960, Cutler et al. 1967,
Oldstone, Dixon 1968). The demonstration of a vascular leak before
the entry of inflammatory cells into the brain and cord would consti-

*) Supported by the Multiple Sclerosis Society (U.K.).
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tute important evidence that the lesion of EAE was initiated by anti-
body rather than by sensitised cells. Since most of the information on
this point is derived from qualitative observations made on tissue
sections, we have re-examined the problem with a quantitative method
using protein labelled with two different radioisotopes.

MEASUREMENT OF PERMEABILITY

The cerebral vessels are relatively impermeable to protein and
changes in permeability can be detected by measuring the rate of
accumulation of such protein in the extravascular compartment.
If a circulating serum protein is labelled with a suitable isotope, the
site and severity of the leak can be recognised by the rise in the
radioactivity of the affected part that is caused by the extravasation
of the labelled compound. A refinement of this technique is to make
an allowance for the amount of intravascular isotope by measuring
the cerebral blood volume. This is done by injecting protein, labelled
with a second isotope immediately before 'the animal is killed. v

In the present investigation female albino guinea pigs were sensitised
by the intradermal injection of an emulsion of Freund’s complete
adjuvant and a suspension of guinea pig whole brain. Each animal
received 1 mg of guinea pig brain "dry weight” and 2 mg of M. butyri-
cum. Cerebral wvascular permeability was measured in groups of
animals sacrificed at intervals after sensitisation and the brain and
cord examined for histological evidence of EAE.

Permeability was estimated by injecting 131I-labelled human serum
albumin intravenously followed 24 hours later by an injection of
125]-]labelled albumin. Immediately after the second injection a blood
sample was taken, the animal killed and the brain and cord fixed in
formol saline. The radioactivity due to each isotope was estimated
in the blood, and in blocks taken from the fore-, mid- and hind-brain
and the cerebellum, as well as the cervical, lumbar and thoracic
regions of the spinal cord.

The results in the brain and cord were expressed as a ratio of the
count in the blood (”Blood equivalents”). Under the conditions of the
experiment the !25] blood equivalent represented the blood volume of
the specimen. On the other hand, the 1311 blood equivalent reflected
both intravascular and extravascular 131I-labelled protein. The difference
between the two (1311.B.E. — 125].BE.) was therefore a measure of
extravascular leakage over 24 hours. This is referred to as the “extra-
vascular blood equivalent” (EVBE).
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There was a marked increase in cerebral vascular permeability in
the brain and cord of animals with EAE compared with normal controls
(Table 1).

Table 1. Vascular permeability in allergic encephalomyelitis

Mean EVBE*)
Allergic il
Encephalomyelitis Controls**)
(days 11—15) i
Forebrain 216 i 0124002
Mid-hindbrain 2:54 \ 0134003
Cerebellum 1:52 | 0-184-003
Cervical cord 1'52 ‘ 043006
Thoracic cord 6°13 | 0:554+-005
Lumbar cord 459 L 049 +-0-09

*) ,,Extravascular blood equivalent”
**) Mean + S.E.

The earliest stage at which this increase was detected was 11—12
days after sensitisation. Figure 1 shows the onset of the permeability
changes in the forebrain. Similar results were obtained in other parts
of the brain and the spinal cord.
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Fig. 1. Vascular permeability (EVBE) in the forebrain of guinea-pigs developing
EAE. First appearance of the vascular leak 11—12 days after sensitisation.

On the other hand, the first definite histological lesions were found
in animals killed 9—10 days after the sensitising injection and
occasional small accumulations of inflammatory cells were found some
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days before this. In no case was an increase in vascular permeability
found to precede infiltration by inflammatory cells. These results
were, therefore, compatible with the view that the EAE lesion is due
to sensitised cells and mnot to circulating antibody.

However, it is to be noted that there have been a number of recent
reports suggesting that changes in the brain parenchyma can be
detected several days before inflammatory cells appear in the CNS.
A widespread activation of proteolytic activity has been claimed by
Benetato, Gabrielescu and Boros (1965). They reported that proteolysis
was diffusely increased throughout the brain and preceded the cellular
infiltration by over a week. There are also the extremely interesting
observations of Oldstone and Dixon (1968) on EAE in Levis rats.
Using a fluorescent antibody method they observed a leak of serum
fibrinogen, fj.globulin and IgG from the cerebral vessels several days
before the appearance of inflammatory cells in the central mervous
system.

The discrepancy between our own findings and those of Oldstone
and Dixon may be due to a species difference. If mot, the question
resolves itself into a comparison of the methods wused. The present
investigation has clearly failed to quantitatively confirm results
obtained using an immunochemical procedure on tissue sections.

AUTORADIOGRAPHY

Although we were unable to find evidence of increased permeabality
in the brain before cellular infiltration, in animals with established
EAE lesions a dissociation between these two elements could be
clearly demonstrated by means of autoradiography. Our own findings
using 125[-labelled human serum albumin were similar to those
previously reported by Vulpe, Hawkins and Rozdilsky (1960) and were
in general agreement with the recently published and very extensive
investigations of Cutler, Lorenzo and Barlow (1967).

In these experiments a saline solution of human serum albumin
labelled with 125] (0-25 — 1'50 mCi/dose) was injected into the femoral
vein of guinea pigs with EAE and into normal animals. Six hours later
the animal was slowly exsanguinated by controlled bleeding from the
jugular vein: fluid was simultaneously replaced by infusing 5% dextran
into the superior vena cava (method modified from Rozdilsky and
Olszewski 1957). = After perfusion with formol saline the brain was
removed and embedded in paraffin blocks. Autoradiographs were
prepared produced by a modification of Curran and Clark’s (1961)
stripping film technique using Kodak ARI10.
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Fig. 2: Meningeal vessel from a guinea pig with EAE showing inflammatory
cells and extravasation of labelled protein. Autoradiograph stained with
methylene blue. X 450 (a). Cerebral vessel from guinea pig with EAE. Vascular
leak with minimal cellular infiltration. Autoradiograph, methylene blue. X 450 (b).
Perivascular accumulation of inflammatory cells accompanied by a protein leak
in a guinea pig with EAE. Autoradiograph, methylene blue. X 450 (c). Control.
Normal cerebral vessel. Autoradiograph, methylene blue. X 450 (d). Vascular
leak of labelled protein from a histologically normal vessel. Guinea pig with
EAE. Autoradiograph, methylene blue. X 450 (e). Cerebral vessels from a guinea
pig with EAE. The larger vessel shows a perivascular cuff of inflammatory
cells and extravasation of labelled protein. The smaller one (?branch) shows
a similar vascular leak but without inflammatory cells. Autoradiograph,
methylene blue. X 450 (f).
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Extravascular penetration of 125I-labelled albumin was mot found in
normal animals but was observed in guinea pigs at an early stage
of EAE shortly after the onset of paralysis. Intense areas of radio-
activity were found around many of ‘the vessels in the meninges and
in the substance of the brain (Fig. 2a, b, ¢, d, f). In some cases a more
diffuse low-grade radioactivity was also noted over wide areas of
adjacent parenchyma.

Increased vascular permeability was demonstrated in many vessels
surrounded by inflammatory cells. However, the most interesting
finding was the demonstration of histologically normal vessels
apparently leaking protein. This remarkable dissociation between the
vascular and cellular changes has often been observed and commented
upon (Barlow 1956, Vulpe et al. 1960, Cutler et al. 1967). It has
generally been held to prove that the permeability changes in EAE
precede the arrival of inflammatory cells to.provide support for the
view that the lesion is due to circulating antibody and not delayed-type
hypersensitivity.

However, there is now evidence that such a separation of vascular
and cellular elements may be a feature of all manifestations of delayed
hypersensitivity and indeed of inflammatory reactions in general
(Spector, Willoughby 1968). This phenomenon has been observed in
tuberculin reaction in the skin by Wiener, Lattes and Spiro (1967),
using intravenous carbon in conjunction with electron microscopy.
These authors showed that intramural carbon was to be found in associa-
tion with emigrating leucocytes as well as in unaffected vessels. Con-
versely, perivascular cellular infiltration occurred both with and
without vascular leakage. The explanation is to be found in the mature
of the delayed reaction itself. The initial lesion is due to specifically
sensitised lymphocytes, but the more widespread vascular changes are
caused by diffusible ”permeability factors” that are analogous to the
kinins and other pharmacologically active substances liberated at the
site of acute inflammatory reactions (Spector, Willoughby 1968, Schild,
Willoughby 1967).

Since vascular and cellular changes can be dissociated in all forms
of delayed hypersensitivity the autoradiographic findings in EAE are
perfectly compatible with the view that the lesion is due to sensitised
cells and not to circulating antibody.
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S. Leibovitz

PRZEPUSZCZALNOSC NACZYN MOZGOWYCH W DOSWIADCZALNYM,
ALERGICZNYM ZAPALENIU MOZGU I RDZENIA (EAEM)

Streszczenie

Badano przepuszczalno$é mnaczyn moézgowych u $winek mornskich z EAEM.
Zastosowano metode iloSciowg z podwédjnym izotopem promieniotwérczym po-
zwalajgcg mierzyé zmiany przepuszczalno$ci miezaleznie od zmian objetosei krwi
w mozgu. Nie potwierdzono istnienia ,przeciek6w” mobzgowych powstajacych
przed pojawieniem sie komorek zapalnych w centralnym ukladzie nerwowym,

Jednakze badania autoradiograficzne mad ustalonymi zmianami w EAEM
przy pomocy albuminy znakowanej 125J potwierdzajg, ze przecieki naczyniowe
i powstawanie naciekéw komoérkowych mogg byé rozdzielone w czasie.

Obraz zmian przepuszczalno$ci jest zgodny z pogladem twierdzacym ze EAEM
jest objawem poéznej nadwrazliwo$ci i zalezy raczej od uczulonych komoérek miz
krazacych przeciwocial.

C. Jleit6oBuiy

ITPOHUITAEMOCTB COCY/AOB I'OJIOBHOI'O MO3TA B SKCIIEPIMEHTAJBHOM
AJJIEPTMYECKOM SHIEPAJIOMUIINUTE (3A3M)

CoxmepxaHue

ViccaoBaHMa BENMCh HAJ IIPOHMIQEMOCTBIO MO3TOBBLIX COCY/I0B Y MOPCKMX CBMHOK
¢ DASM. IIpumMeHMIN KOJMYECTBEHHBII METOJ € ABOMHBIM PaAMOM30TOIIOM paspe-
LIAIOLIMYI M3MEPATh M3MEHEHMS IIPOHMIIAeMOCTM HEe3aBUCUMO OT W3MeHeHuil obdbeMa
KPOBM B TOJIOBHOM Mo3re. He IIOTBepAMIM CYLIECTBOBAaHMUSA MO3TOBLIX ,Tedei” BO3HU-
KalolMX IIepej MOABJEHMEM BOCHAJMUTENbHBIX KJETOK B II€HTPaJIbHOV HEpPBHOI1
cucreme. OpHAKO aBTOpajguorpadmuyecKme ycciaegoBanHus OOOCHOBAHHBIX M3MEHEHMI
B DADM npu nomoum annOyMmMyHa MedeHHoro I25 morBepzKJaioT, HMTO COCYAMUCTBIE
»Te4un’”’ ¥y KJIeTO4YHble MHMUILTPATBI M3 BOCHAJUTENbHBLIX KJETOK MOTYT IIOABJIATCH
B Pa3HOM BpPEMEHN.

KapTuHa M3MEHEeHMiI INPOHMIIAEMOCTY COIJIacHa €O B3IJIAZlaMM YTBepPIKAAOLLMIT,
yro DADM s#ABAAeTcA CUMIITOMOM 3aMeAJIEHHOM aJjjeprMy M 3aBucuT B Oosblireit
CTEeIIeHM OT CeHCHMOMIM3MPOBAHHBLIX KJIETOK YeM LMPKYJIMPYIOIMX aHTUTE.

REFERENCES

1. Barlow C. F.. A study of abnormal blood-brain permeability in experi-
mental encephalomyelitis. J. Neuropath. exp. Neurcl. 1956, 15, 196.

2. Benatato G. R., Gabrielescu E. Boros I.. The histochemistry of cerebral
proteases in experimental allergic encephalitis. Rev. Rum. Physiol. 1965,
2,919,

3. Bornstein M. B., Appel S. H.: The application of tissue culture to the study
of experimental “allergic” encephalomyelitis. J. Neuropath. exp. Neurol. 1961,
20, 141.

http://rcin.org.pl



10.

11.

12.

13.

14.

15.

16.

.

18.

Vascular permeability EAE 309

. Caspary E. A.: Precipitating antibody in multiple sclerosis and experimental

pllergic encephalomyelitis. J. Neurol. Neurosurg. 1966, 29, 103.

. Chase M. W.: A critique of attemps at passive transfer of sensitivity to

nervous tissue. In ”Allergic” Encephalomyelitis, ed. by M. W. Kies and
E. C. Alvon, Thomas Springfield, 1959, I11., p. 348,

. Cutler R. W, Lorenzo A. V. Barlow C. F.. Brain vascular permeability to

1257 gamma globulin and leukocytes din  allergic encephalomyelitis.
J. Neuropath. exp. Neurol. 1967, 26, 558.

. Lamoureux G., Boulay 'G., Boduas A. G.: Cytotoxic antibody for cultured

mnervous ftissue in serum and cerebrospinal fluid from rhesus monkey with
allergic encephalomyelitis. Clin. exp. Immunol. 1966, 1, 307,

. Oldstone M. B. A., Dixon F. J.. Immunohistochemical study of allergic

lencephalomyelitis. Amer. J. Path. 1968, 52, 251.

. Paterson P. Y., Antibodies and autoimmune disease. In Cell-bound Antibodies,

ed. by B. Amos and Koprowski, Wistar Institute Press, Philadelphia, 1963,
p. 101.

Paterson P. Y., Jacobs A. F., Coia E. M.: Complement-fixing antibrain anti-
bodies and allergic encephalomyelitis. Ann. N. Y. Sci. 1965, 124, 292.
Rozdilsky B., Olszewski J.: Permeability of cerebral blood vessels studied by
radioactive dodinated bovine albumin, Neurology, (Mineap.) 1957, 7, 270.
Schild H. O., Willoughby D. A.: Possible pharmacological mediators of
delayed hypersensitivity, Brit. Med. Bull. 1967, 23, 46.

Shaw C. M., Alvored E. C., Kaku J., Kies M.: Correlation of experimental
jallergic encephalomyelitis with delayed-type sensitivity to specific homologous
encephalitogen. Ann. N, Y. Acad. Sci. 1965, 122, '318.

Spector W. G., Willoughby D. A.: In the pharmacology of inflammation,
The English Universities Press, London, 1968, pp 15 and 78—93.

Stone S. H.: Transfer of allergic encephalomyelitis by lymph-node cells in
inbred guinea pigs. Science, 1961, '134, 619.

Stone S. H., Lerner E. M. Goode J. H.: Adoptive autoimmune encephalo-
myelitis in inbred guinea pigs. Science 11968, 159, 995.

Vulpe M., Hawkins A. Rozdilsky B.: Permeability of cerebral blood vessels
in EAE studied by radicactive iodinated brain albumin. Neurology, (Minneap.)
1960, 10, 171.

Wiener J., Lattes R. G.,, Spiro D.: An electron microscopic study of leuco-
cyte emigration and vascular permeability in tuberculin sensitivity. Am. J.
Path. 1967, 50, 485.

Author’s address: Guy’s Hospital Medical School London S.E. 1, Great Britain.

http://rcin.org.pl



NEUROPAT. POL. 1969, VII, 3

M. WENDER, T. WROBLEWSKI, Z. ADAMCZEWSKA, M. OWSIANOWSKI,
B. ZGORZALEWICZ

BIOCHEMICAL STUDIES IN EAE
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There is some evidence that the pathological process in EAE is
associated with an abnormal metabolism in the nervous tissue itself,
thus being mot entirely a result and reflection of the cell infiltrations
and myelin destruction. The abnormalities in the mervous tissue were
found by Smith (1965) who stated that the paralysis resulting from
demyelination is associated with an abnormal metabolism both inside
and outside the myelin sheath. The problem of ithe presumably primary
changes in the cerebral mitrogen metabolism was raised by the in-
vestigations of Gershenowicz et al. (1968).

The question, to what an extent, the damage in the myelin can be
regarded as a primary or secondary effect of the inflammatory process
may be answered by biochemical studies. That is why we have under-
taken a systematic study of the biochemical changes occurring in the
brain in course of EAE. Following this way we are investigating the
chemistry of structural components of the mervous tissue and its
metabolism. The present report deals with following subjects: tissue
respiration, anaerobic glycolysis, enzymatic mechanism of protein bio-
synthesis and lipid composition.

MATERIAL AND METHODS

Our experiments were performed using adult outbred guinea-pigs
and rabbits of either sexes. Experimental allergic encephalomyelitis
was induced by injections of an emulsion of homologous lyophilized
total brain with an addition of adjuvant according 'to Kies et others
(1957). The injecting material consisted of 40 mg homogenized brain,
10 mg heat-killed tbc bacilli, 2 ml liquid paraffin, 1 ml 09 per cent
saline, and 1 ml melted lanoline. After incubation for one hour at 56°C,
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0'1 ml of the emulsion was injected intracutaneously into the neck
region for three consecutive days.

The brain samples for histological examination were fixed in 10%
(w/v) formaline and stained with haematoxyline-eosine and other
routine procedures such as the Woelcke and Nissl methods.

For examination of the tissue respiration and anaerobic glycolysis
a 10% homogenate of cerebral white and grey matter was prepared.
The tissue respiration was studied by the direct Warburg method,
at 38°C in an oxygen atmosphere, using the Krebs-Ringer medium
with a phosphate buffer of pH 7-4 and glucose at a concentration of
2 mg per ml. The anaerobic glycolysis was examined according to
Negelein (1925) in a atmosphere of mnitrogen. The composition of the
gas mixture was as follows (95% of nitrogen and 5% of carbon dioxide).
The activation of amino acids was studied by the hydroxamic method
of Hoagland (1955) in extracts of acetone powders of the nervous tissue.
The individual activation of 20 amino acids was studied. The protein
content in the acetone powder was estimated by the biuret method
(Kingsley, 1942).

Brain lipids were estimated after chromatographic separation on
thin-layer plates. The phospholipids and cerebrosides were separated
according to Svennerholm (1964) and estimated according to Broda (1967)
and Rodin et al. (1955) respectively. Cholesterol was separated
according to Svennerholm (1964) and estimated using the method of
Sperry and Webb (1950). The gangliosides were separated according to
Jatzkewitz et al. (1965) and estimated as described by Suzuki (1964).

RESULTS

In animals inoculated with the encephalitogenic mixture the clinical,
chiefly neurological, symptoms appeared at the earliest on the 11th
and 15th day after the first injeotion in rabbits and guinea pigs
respectively. In the majority they became manifest about the 20th day.
The objective signs of illness: loss of weight, loss of motor activity,
paralysis of legs as well as other neurological symptoms corresponded
with the well — known picture of experimental encephalomyelitis in
guinea pigs and rabbits.

The cytological and myelin stains both revealed a typical patho-
logical pattern of meningoencephalomyelitis with inflammatory reac-
tions localized chiefly in perivascular and subependymal regions,
predominantly within the cerebral white matter (Fig. 1). Strong
inflammatory changes were present in the choroid plexus. Perivascular
demyelination was only occasionally observed.
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The observed pathological picture is in conformity with descriptions
of EAE in guinea pigs and rabbits, and therefore does mnot require
a more detailed account.

Table 1. Respiration and glycolysis in the brain of rabbits in course of EAE

| White matter Grey matter
EAE EAE

! al normal

| SRR (paralytic period) (paralytic period)
Tissue respiration 3:054+022 2:66+-0"10 7-384+-020 4:61+0°40
(—Qo,=ypl 0,/mg of dry tissue/h) |
Anaerobic glycolysis ‘3'20;}:0‘22 2:474-061 8144037 4:484-0°92
(Qm= pl CO,/mg of dry tissue/h)’

The results are given as mean - standard error (significant differences underlined). Number of
animals in each group was 6.

The results of our studies on respiration and glycolysis in the brain
of rabbits in course of EAE are presented in the Table 1. It is shown
that the tissue respiration in the grey matter is markedly diminished
in course of the paralytic period of EAE. In the white matter of
animals with EAE the tissue respiration is apparently also decreased
but the differences are statistically insignificant.

From our studies it appears ‘that also the anaerobic glycolysis is
declined in the grey matter of all encephalitic rabbits. However it
should be mentioned that there exist great differences between
individual animals. The small decrease found in the white matter is
insignificant.

The next table (Table 2) presents the rates of amino acids activation
in the brain of rabbits in course of EAE. The daba presented there
indicafe that the activation of several amino acids by the sRNA-amino-
acyl synthetases so called pH 5 enzymes is increased in the brain of
rabbits with EAE both in the white and in the grey matter. The activa-
tion of asparagine and phenylalanine appeared to be altered at most.
In normal animals the two latter amino acids are activated only in
traces, whereas animals with EAE demonstrate high rates of activation.
Also the marked increase of glutamic acid activation in the cerebral
white matter, should be underlined, while no differences were found
with respect to aspartic acid and glutamine activation.

Results concerning the lipid composition of the brain tissue in EAE
are presented in Table 3.
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Table 2. Rate of amino acid activation in the brain of rabbits in course of EAE

White matter [ Grey matter
" . |
i o normal B A . ! | normal E A B ]
(paralytic period) [ (paralytic period)

Alanine 0:00 000 000 L 000
Asparagine 0-014-0001 0-454-0-08 001+0002 | 0-394-0-02
Aspartic acid 0-01+0-002 0-00 0-01 0002 3 0-00
Glycine 0:01+0-004 0024007 0-01 +-0-001 ’ 0024001
Phenylalanine 0-014-0°002 0:224+0°07 001 +-0-003 | 0°19-+0-07
Glutamine 0:39+0°023 0-48-+0°05 044 +0-036 ' 0'554-005
Glutamic acid 04940027 1-204+-0°19 05040019 ' 1104022
Histidine 0:00 0-06+0-01 000 | 005002
Cystine 000 000 0:00 l 000
Leucine 0-00 0-00 0-00 ‘ 0-00
Isoleucine 0-00 0-00 0:00 | 0-00
Norleucine 0-00 0-00 000 | 0-00
Lysine 0-00 0-00 0:00 | 0:00
Methionine 000 000 000 ! 000
Proline 00140003 0°00 001 40002 I 0:00
Serine 0:00 0-00 0-00 i 000
Threonine 0-00 0:00 0-00 0-00
Valine 0-:00 000 0-00 0-00
Norvaline 000 000 | 000 000
Tryptophane 0-00 0-00 | 000 ‘ 0-00

The results are given as mean in pmole of hydroxamates (mg of protein) h + standard error
(significant differences underlined). Number of animals in each group was 6.

It occurs, that a decrease of the free cholesterol content, accompanied
by the appearance of cholesterol esters is the most characterisfic and
regular feature of that experimental disease. It should be emphasized
that cholesterol esters are found both in the white and grey cerebral
ma'tter.

There was mot a single analyzed lipid class, which would remain
unchanged in course of this experimental disease. However — no
regularity of changes both with respect to their localisation and to
the period of disease could be found. With only two exceptions in the
grey malter as for phosphatidylcholine and the sphingomyelins, the
observed changes, both in the white and grey matter, indicate an
increase of the particular lipids in course of EAE.

DISCUSSION AND CONCLUSIONS

The results obtained in the performed investigations indicate that
the pathological process of EAE induces metabolic changes in several
of the structural components of the mervous tissue.
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Fig. 1. Perivascular inflammatory reaction din the brain of a guinea pig
with BEAE. Stained by haematoxylin-eosine. X 80.
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Table 3. Brain lipids in guinea pigs in course of EAE

White matter | Grey matter
RAR il BAR | EAE ' EAE
Normal (early (paralytic Normal .l (early ' (paralytic
period) period) 1 | period) ' period)
. | i |

Phosphatidyl- ;

choline 1 506015 5:184+004 | 4904008 ‘5-20;{:0'05i 3-93+0°16 ! 3464011
Phosphatidyl- ‘\ [ ‘
ethanolamine | 9-58-+0°14 9454007 | 9424027 ‘ 5:784+006, 6'66+0'14 | 684013
Phosphatidyl- [ TR
serine 3204006 | 3904009 | 4:05+-0-12 |2°184+-001| 3254002 | 3064003
Sphingomye- T : I
line 2454-0°05 2:5240°10 2°—9Si0'03 {1'61 +0'04| 1-:51+001 1:29-4-0°02
Cerebroside 7974009 | 9:3140:09 | 9434021 4514006 4:87+023 | 4:69--C*09"
Sulphatide* 3604007 | 4224010 | 405+0'13 |1-4240:03 2:47+0-08 | 2:40--0-01
Free choleste- Rk ol
rol 11-224+005 | 9°60+0°30 | 9:90-+0°17 |566+004 556+016 | 5934022
Cholesterol
esters 0-00. 189024 | 1-82-+0-29 000 2:58+028 | 1:981-0°39
Gangliosides | 0564001 0'52+001 0564002 |1°094-001| 1:03+0°04 | 091004

The results are given as mean in g/100 g of dry tissue - standard error (significant differences
underlined). Number of animals in each group was 10

The observed decrease of tissue respiration and anaerobic glycolysis
in both the cerebral grey and white matter, the enhanced activation
of some of amino acids by the sRNA-aminoacyl synthetases found also
here and there, and finally the appearance of cholesterol esters in both
the grey and white matter — point to a severe metabolic impairment
confined to these two cerebral structures, which both seem to be in-
volved in the pathological process.

The most probable explanation for the observed increase of activa-
tion of asparagine and phenylalanine and of some other amino acids
is the presence of invading cells which is a prominent feature of this
process. We cannot exlude the possibility that we are measuring
enzyme activities of these cells which are normally absent in the central
nervous system. Although the lesion comprises only a small part of
the total of the mervous tissue, cells which have relatively high
enzyme activities, involved in the first steps of protein biosynthesis,
could affect considerably the overall activity in the mormal adult
brain, the background level of which is known to be very low. The
same explanation may be valid for the rise in the content of some of
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phospholipids and galactolipids in the brain of animals with EAE in
a sense, that the cellular infiltrations have a different lipid pattern
than the normal brain.

The metabolic experiments performed by Smith (1965) with the in
vitro uptake of glucose-C!4 into lipid fractions of brains from animals
with EAE have shown that there is an increase in labelling rate of
the phospholipid and galactolipid fractions, whereas cholesterol
synthesis remained unchanged or slightly depressed. The highest rises
in labbeling were seen in the lysolecithin, lecithin, phosphatidyl serine
and galactolipids fractions. Further observations made by the same
author showed that the glucose-C!4 incorporation into brain lipids
remained high even during the recovery period at a time when patho-
logical changes had largely disappeared and he concluded that at least
a part of the observed metabolic changes can be ascribed to the central
nervous system tissue itself.

The findings of the metabolic studies presented by Smith (1965)
correlate well with our results of lipid determination, and may to some
extent explain the observed increase of phospholipids and galacto-
lipids, and the decrease of the free cholesterol content.

Basing on the above presented data, we seem to be justified in
concluding that in course of EAE both the white and grey cerebral
matter are severely affected at the molecular level, in spite of the
obvious preponderence of microscopic changes to the cerebral white
matter.

3

M. Wender, T. Wréblewski, A. Adamczewska, M. Owsianowski,
B. Zgorzalewicz

BADANIA BIOCHEMICZNE W DOSWIADCZALNYM ALERGICZNYM
ZAPALENIU MOZGU

Streszczemnie

Doswiadczalne alergiczne zapalenie moézgu wywolywano u $winek morskich
i krolikéw przez wstrzykiwanie homologicznego antygenu z dodatkiem adjuwantu
Freunda.

W mozgu badano oddychanie tkankowe metodg Warburga, beztlenowg gliko-
lize metoda Negeleina, aktywacje 20 aminokwaséw metoda Hoaglanda, oraz sklad
lipidéw za pomocg chromatografii cienko-warstwowej.

W wyniku przeprowadzonych badan stwierdzono, ze proces patologiczny do-
Swiadczalnego alergicznego zapalenia mézgu wywoluje spadek oddychania tkan-
kowego i beztlenowej glikolizy, mwzrost aktywacji aminokwaséow, szczegolnie
asparaginy i fenylalaniny oraz pojawienie sie estréow cholesterolu zaréwno
w istocie biatej jak i szarej madzgu.
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Wzrost aktywacji aminokwasow w przebiegu alergicznego zapalenia mozgu
wydaje sie byé mastepstwem obecnosci naciekéw komoérkowych o duzej aktyw-
nosci enzymatycznej. Podobmie odmienny skiad lipidowy komérek maciekéw moze
czgSciowo tlumaczyé obserwowany wzrost zawarto$ci niektérych frakeji fosfo-
lipidowych i galaktolipiddow.

M. Benzep, T. BpyoaeBckn, 3. AgemueBcka, M. OBcAHOBCKM, B. 3roxaneBud

BUOXVMMUYECKUE JCCJIEJOBAHMSA B SKCIEPMMEHTAJBHOM
AJIJIEPTMYECKOM OHUIEDPAJIUTE

CoxgepxaHue

OKCHepuMeHTalbHbIA ajJeprnyecKmuii SHIedanauT BBI3bIBAJM Y MOPCKMUX CBUHOK
¥ KPOJMKOB MHBMUMPYS MM TOMOJIOTMYHBIA aHTUIeH ¢ aAgbloBaHToM PpeiiHaa. B ro-
JIOBHOM MO3Te MCCIeNOBaJIM TKaHeBOe JbIXaHye MeTofoM Bapbypra, aHaspoOHBIT
rangoan3 MmeroxzoMm Herenelina, akTuBaumio 20 aMMHOKMCIOT MerozoM XoarjaHza,
COCTaB JIMIMJIOB METOJIOM TOHKOCJIOIHOM Xpomarorpacdmuu. B pe3yabraTe INPOBEAEHHBIX
JCCIIeIOBaHMII KOHCTAaTMPOBAJM YTO HaTOJOTMYECKMiI IIpoljecc 3KCIepMMEeHTalbHOI0
aJJIeprMYecKoro sHnedanura BeIZbIBAET IIaJleHMe YPOBHA TKAHEBOTO JbIXaHMA M aHa-
3pOOHOr0 IIMKONAMN3a, IOBBILIEHMEe AaKTMBALMM aMMHOKMCJIOT, OCODEHHO acmaparmHa
n eHnnalaHMHA U IOABJEHMe (PMPOB XoJiecTepuHa TaK B 0eJloM Kak M B CepoM
BelllecTBe IOJIOBHOTO MO3ra. IIoBbIIeHMEe aKTMBAaLMM aMMHOKMCJIOT B TEYEHUM alljiep-
rir4eckoro sunedannTa Kaxercs ObITh CIEACTBMEM NPUCYTCTBUA KJIETOYHBIX MHMUIb-
TPATOB O00JafaloIMX ChIBOKOJ (DEPMEHTATMBHOM AaKTMBHOCTBIO. Takike pasnnMiHbIA
COCTAB JIMNMJOB KIIETOK MHMILTPATOB MOZKET HacCTM4YHO OOBACHMUTHL Habiarozaemoe
MOBBIILIEHME COIEPIKaHMUA HeKOTOPbIX pakumit dochoannmmaoB 1 rajgakToJIMINIORB.
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H. MEYER-RIENECKER, B. HITZSCHKE, P. SCHROTER

LICHT- UND FLUORESCENZOPTISCHE UNTERSUCHUNGEN BEI
DER EXPERIMENTELLEN ALLERGISCHEN ENCEPHALOMYELITIS

Neurologische Abteilung der Universitdts-Nervenklinik, Rostock DDR

Das Ziel einer Friihdiagnostik der Encephalomyelitis disseminata —
entsprechend der Konzeption unserer Arbeitsgruppe — fordert Nach-
weismethoden, die frither als die Krankheitssymptome einen Hinweis
auf den Beginn der Erkrankung geben konnen. Fir die Klinik hat
somit die Pathogenese des initialen Frihstadiums der Encephalomyeli-
tis entscheidene Bedeutung.

Im 1. Komplex unserer Untersuchungen bei der experimentellen aller-
gischen Encephalomyelitis (EAEM) baschéftigten wir uns mit dem Nach-
weis der Stérung der Schrankenpermeabilitdt. Evans blue,
Trypaflavin, FITC (Fluoresceinisothiocyanat), TTC (Triphenyltetrazo-
liumchlorid) wurde Kaninchen und Meerschweinchen kurz vor der To-
tung injiziert. Die Substanzen waren im extracerebralen Retikuloendo-
thelium und Nieren nachweisbar, nicht im Bereich der cerebrospinalen
Léasionen. Akridinorange sahen wir jedoch perivasal in cerebralen Are-
alen mit und ohne cellulir entziindliche Reaktionen (Abb. 2, 3). Das
Ausmass der perivaskuliren Transsudationen wurde durch die Vital-
versuche nicht erfasst. Die Ursache kann sein:

1. Die unterschiedliche Permeation der Farbstoffe auf Grund ihres
differenten Wertes als Schrankenindikator (Quadbeck 1967).

2. Die bereits erfolgte Riicklaufigkeit der initialen Permeation.

Wie die Beobachtungen erbrachten, laufen mehrere ‘Stadien offen-
sichtlich nebeneinander ab. Es ist anzunehmen, dass die spezifische
Sensibilisierung (Seitelberger 1967) zu einem noch unvollstindig er-
fassten Zeitpunkt der initialen Schrankenstérung stattfindet.

Ebenfalls im Hinblick auf die Ereignisse des Friihstadiums beriick-
sichtigten wir im 2. Komplex immunologische Probleme.

I. Der Nachweis von Autoantikérpern mit zytolytischer Aktbivitat
gegen Myelin und Gliazellen ist seit 1961 durch Bornstein und Appel
(1961), sowohl bei der EAEM als auch der Encephalomyelitis des Men-
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schen bekannt. Zuverldssige Zellkulturen sind fiir derartige Unter-
suchungen Voraussetzung. Quantitative Aussagen sind kaum moglich,
da dieser zur IgG-Klasse gehorende Antikérper nur in sehr geringer
Konzentration im Serum vorhanden ist.

II. Leichter machweisbar sind zierkulierende Amntikérper mit Hilfe
der OUCHTERLONY-Technik. Es handelt sich nach den Untersuchun-
gen von Ross und Mitarb. (1965) um einen Serum-Faktor, der gegen
Hirnextrakt préazipitiert und zur IgM-Klasse gehort.

In Verlaufskontrollen beobachteten wir das Auftreten von Anti-
korpern gegen allogene Antigene (Hirn und Riickenmark) mit und ohne
Trypsin-Vorbehandlung. Den semiquantitativen Antikérperverlauf zeigt
die Abb. 1. Es fand sich, dass die Antikérper-Beobachtungen 2 Typen
bei insgesamt 2 Verlaufsformen erbrachten:
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Abb. 1. Antikoérper-Verlaufsbeobachtungen bei der EAEM des Kaninchens mit

semiquantitativer modif. OUCHTERLONY-Technik: 2 Typen des Antikorper-

verlaufes (1,2) gegen mormales und trypsinbehandeltes allogens Hirn und Riicken-
mark bei 2 Verlaufsformen (a, b); (Logarithm. Zeiteinteilung).
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1. Einen Typ mit frithem Amtikérper-Anstieg gegen alle Antigene,
ohne wesentlichen Unterschied, besonders frith, schon zwischen dem
6—17 Tag gegen trypsiniertes Riickenmark, sonst um den 10—11 Tag.

2. Einen Typ mit deutlichem Amntikorper-Anstieg vor allem gegen-
iiber trypsin-behandeltem Riickenmark, geringer gegeniiber anderen
Antigenen.

Die Tiere der Verlaufsform a zeigten frith und ausgepréigt das akute
klinische Bild einer EAEM, starben zwischen dem 14 und 18 Tag.
Die Tiere der Verlaufsform b boten klinisch ein mehr subakutes Krank-
heitsbild, teilweise mit intermittierenden Verlauf. Die fermentative
Spaltung der Homogenate mit Trypsin ist flir das Ausmass, also die
Starke der Antigenitdt von Bedeutung. Wesentlich fiir das Auftreten
von Prézipitaten ist jedoch, ob eine Ubereinstimmung mit dem den
pathogenen Mechanismus auslosenden Antigen besteht.

Der Nachweis von Autoantikérpern im Serum von Tieren mit EAEM
zeigt, dass ein Prozess der Autoimmunisation besteht (Frick 1967,
Seitelberger 1967, Steffen 1968). Er bietet, wie unsere Verlaufsbeobach-
tungen zeigen, eine partielle Ubereinstimmung mit dem klinischen Ver-
lauf im Amnfangsstadium, Je frither und komplexer er auftritt, desto
akuter ist das Erkrankungsbild. Kuwert (1964) beobachtete analog das
Abfallen von Serumkomplement am 6—7 Tag der Erkrankung.

Im 3. Komplex, den immumnhistologischen Vergleichsbeo-
bachtungen, wandten wir uns der Frage der Korrelation zum Gewebs-
prozess zu, was fiir die Wertigkeit des frithen Nachweises der Antikor-
per entscheidend ist. Fluorescenzoptisch liessen sich mit FITC-markier-
tem Anti-Gammaglobulin — wie auch Frick (1967) und Ridley (1963) —
in den perivasculdren Lymphocyten- und Plasmazellansammlungen des
Hirns, ebenso wie in Lymphocyten und Milz Gammaglobuline nach-
weisen. Bei Bewertung der eigenen positiven Ergebnisse (Abb. 4) stehen
diese in keiner Relation zur Ausdehnung der entziindlichen Reaktio-
nen. Die Beobachtungen sprechen lediglich fiir eine Permeabilitéts-
stéorung und das Vorhandensein immunkompetenter Zellen.

Da die Entmarkung bei der EAEM des kleinen Laboratoriumstieres
uberwiegend infiltratgebunden auftritt, ist es naheliegend, dass die
Markscheide durch einen mehrgliedrigen Ablauf — entsprechend Sei-
telberger (1967) — alteriert wird. Bedeutsam fiir den Prozess diirfte
sein:

1) Die Stérung der Barrierenfunktion der Blut-Hirnschranke. 2) Das
Eindringen oder die ortstindige Produktion von Mediatorsubstanzen;
3) Das Auftreten immunkompetenter mesenchymaler Zellen, einschliess-
lich der Phagocyten, wobei auch die Funktion der noch nich eingeord-
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neten Gliazellen im Infiltratgebiet von Bedeutung sein diirfte; 4) Die Re-
aktionskette beginnt mit dem Auftreten spezieller Immunglobuline,
besonderen Komplementvorstufen und der Bildung von Lysokephalin
(Pette et al. 1965, Seitelberger 1967).

Im Zentrum der Problematik der initialen Vorginge steht die Frage
nach der Auslosung der Amntigenmobilisation, inwieweit es sich um
eine Toleranzstérung handelt, welche exogenen und endogenen Fakto-
ren auf ein genetisch labiles Gleichgewicht treffen. Spezielle Immun-
seren differenzierter Faktoren kénnten unter Verwendung herkémmli-
cher fluoreszenzoptischer Verfahren und besonderer Markierungen fiir
elektronenoptische Untersuchungen die initialen Vorgidnge im Entziin-
dungsbereich weiter beleuchten.

H. Meyer-Rienecker et al.

BADANIA NAD DOSWIADCZALNYM ALERGICZNYM ZAPALENIEM MOZGU
METODAMI MIKROSKOPIT KONWENCJONALNEJ I FLUORESCENCYJNEJ

Streszczemnie

Odkrycia patogenetyczne we wezesnym stadium do$éwiadczalnego alergicznego
zapalenia mézgu i rdzenia majg znaczenie dla danych klinicznych we wezesnej
diagnostyce rozsianego zapalenia moézgu i rdzenia. Zwrdécono uwage na warto$é
stoscwania wskaznikéw baniery w trakcie badan nad przeciwciatami i w prze-
biegu badan immunohistologicznych., W pracy omaéwiono przebieg wczesnego
stadium doSwiadczalnego alergicznego zapalenia mézgu i rdzenia z podzialem na
kilka faz.

x&. 7 R
I'. Mejiep-PuH3K3D U Ip.

VICCIEDOBAHMUA HAJ SKCIIEPYMEHTAJBHBIM AJJEPTMYECKUM
OHIEDPAJOMMUIINUTOM (3ADM) METOIAMM CBETOBOM
Y SIYOPECHEHTHOV MMUKPOCKOIINN

CongepxaHue

IlaToreneTu4yeckme OTKPBITMA B HadalbHOM mepuojge SADM wuMeroT 3HauYeHMe
NI KIMHUYECKMX JAaHHBIX B PaHHe! [AMarHOCTMKE DPAacCeAHHOTO SHIehaIoMmaauTa.

OO6pallleHO BHMMAaHME HA CTOMMOCTH IIPUMEHEHMS MHAMKATOPOB Bapbepa BO BpeMmd
JICCTIeIOBaHMII HaA aHTUTEJaMM M B TEYEHMM MMMYHOIMCTOJOTMHYECKMX HabJiozeHmil.

B paGore obcyzkpaerca TedeHme paHHero mepmoza DADM c ero moapasjieeHueM
Ha HECKOJbKO CTaJuii.
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Abb. 2. Gefrierschnitt des Hirns eines Meerschweinchens bei EAEM, dem

4 Minuten ante finem Akridinorange (1:1000) intracardial injiziert wurde: diffuse

perivaskuldre Fluorochromdarstellung; keine zelluldren Infiltrationen im peri-
vasalen Gebiet. (HBO 50, BG 12/OGL-GG 9).

Abb. 3. Akridinorangefluorescenz in einem Gebiet mit zelluliren Infiltrationen;
gleiche Bedingungen wie unter Abb. 2.



B H. Meyer-Rienecke et al

Abb. 4.  Gefriernativschnitt des Hirns eines Kaninchens mit EAEM: fluorescie-
rende Infiltratzellen mnach Behandlung mit FITC-markiertem Anti-Kaninchen-
Gammaglobulin (GAR g — FITC); (HBO 50, BG 12/OGL-GG 9).
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BIOCHEMISTRY OF THE NERVOUS TISSUE

NEUROPAT. POL. 1969, VII, 3

J. H. SCHARF *)

ZUR THEORIE DES ALTERUNGSPROZESSES
IM NERVENSYSTEM DES MENSCHEN

Aus dem Anatomischen Institut der Martin-Luther-Universitdt Halle-Wittenberg
zu Halle (Saale), DDR

Alterungsprozesse im Nervensystem sind den Medizinern seit sehr
langer Zeit bekannt, soweit sie zu schweren funktionellen Ausfillen
fithren. Erst seit einigen Jahrzehnten riickten auch feinere Verdnderun-
gen in den Blickwinkel, zuerst erregten sie wohl das Interesse der
Neurohistologen (Hodge 1894/95, Pilecz 1895, Biihler 1898, Miihlmann
1901 ff, Marinesco 1906, Nageotte 1907 ff, Rossi 1906). Besondere Ver-
dienste hat sich der Grossmeister der klassischen Neurohistologie in
der Friihzeit der meurologischen Gerontologie erworben, Ramon y Cajal
(1905 ff7), von dem die heute schon lingst in alle Lehr- und Hand-
bither eingegangenen Definitionen der Degenerationsstadien des Neu-
rons im wesentlichen gegeben worden sind. Die neuere Neurohistologie
hat die Problematik der Altersveranderungen niemals aus den Augen
verloren (Andrew 1941, 1952, Bruchmiiller und Scharft 1965, de Castro
1921/22, Doring 1948, 1955, Harms 1924, Hermann 1951, Kiss 1933,
Levi 1925, Scharf 1958, Stohr 1949/50, Truex 1939, 1940, 1942, Watzka
und Scharf 1951, Zeglio 1936). Das Alterungsgeschehen als eindeutig
statistisches, quantitativ-morphologisches Problem erkannten vor allem
Corbin und Gardner (1937) sowie Prestige (1965). Eine der interessan-
testen meurophysiologischen Beitrige zum Alterungsproblem steuerte
Pearson (1928) bei, den histochemischen Aspekt betonten Sulkin (1955)
sowie Sulkin und Kuntz (1948, 1952). Die kiirzlich viel zu frith ver-
storbene Neurohistologin Emmi Hagen (1951) priagte den markanten
Begriff ,,physiologische Degeneration”, der sich zunehmend durchsetzt.
Selbstversténdlich ist die hier vorgelegte Literaturtibersicht nicht voll-

stindig. Einige interessante Aspekte enthilt z. B. der Handbuchbei-
trag von Bourliére (1966).

*) Mit dankenswerter Unterstiitzung durch einen Forschungsauftrag des Mi-

nisteriums fiir Hochschulwesen der DDR. Graphik: Akad. Bildhauer Hellmut
Helwin,
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Stellt man in der Biologie die gleichen Amspriiche, wie sie in den
physikalischen Wissenschaften seit Jahrhunderten selbstverstédndlich
sind, dann haben alle bisherigen Untersuchungen ilber den Alterungs-
prozess des Nervensystems zwar zu einer umfangreichen Faktensamm-
lung gefiihrt, aber micht zu Amnsdtzen fiir eine Theorie. Im Sinne der
Theoretischen Physik kann von einer wirklichen Theorie nur dann
gesprochen werden, wenn diese in mathematisch abstrahierter Form
darstellbar ist.

Wollte man nun versuchen, den altersbedingten Involutionsprozess
der Nervenzelle mit seinen schon cytologisch, cytochemisch und cyto-
physikalisch noch micht voll tberschaubaren Einzelheiten in eine for-
melméssig darstellbare Theorie zu fassen, dann wiirde dies kaum in
ndherer Zukunft zum Ziele fiithren. Allein fiir die Darstellung der
Wechselbeziehungen eines einzigen Multienzymsystems in einem noch
biochemisch konftrollierbaren Zeitraum von wenigen Minuten -brauchte
Hess (1968) ein System von etwa 100 nichtlinearen Differentialglei-
chungen.

Der Versuch, eine Theorie der Alterung im Nervensystem aufzustel-
len, muss also bei einem einfachen Beispiel beginnen. Untersuchungen
von Ronge (1943, 1944), Bolton, Winkelmann und Dyck (1966), Scharf
und Blumenthal (1967) sowie Scharf (1967) iiber die Abhéngigkeit der
Anzahl der Meissnerschen Tastkérperchen in der Fingerhaut vom Le-
bensalter konnen ein geniligend einfaches Material liefern, das fiir den
Versuch, eine Theorie aufzustellen, benutzbar ist.

Abb. 1 zeigt eine Schichprobe, die von Bolton, Winkelmann und Dyck
(1966) an der Zehenhaut von 49 Personen verschiedenen Alters erhoben
wurde. Die Zehenhaut wird hier fiir die Abbildung gewéhlt, weil sie
keinen Geschlechtsunterschied erkennen ldsst, wahrend fiir die Finger-
haut zwischen weiblichen und méannlichen Individuen unterschieden
werden miisste. Die weiteren Betrachtungen haben aber die Finger-
haut zum Objekt, wobei der Geschlechtsunterschied zunidchst unbe-
riicksichtigt bleibt, das heisst alle Berechnungen stellen ,,den Menschen”
gewissermassen als Mittelwert aus Frau und Mann dar. Wahrend beim
Neonatus auf 1 mm?2 Hautfliche etwa 75 Tastképerchen fallen, findet
man beim 90 jahrigen mur noch etwa 3 Meissner-Korperchen. Der Ab-
klingprozess kann durch eine lineare Differentialgleichung 4. Ordnung
mit konstanten Koeffizienten beschrieben werden. Bezeichnet man die
Anzahl der Tastkonperchen pro mm? Hautfliche mit M und das Lebens-
alter in Jahren mit t, dann hat die Differentialgleichung die Gestalt

dM | d3M+a a:M
dt ?dt? 't

+aod€l\g=0 (1)
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Die Terme der Gleichung sind biophysikalisch interpretierbar:

o Involutionsgeschwindigkeit

dt
&N g .
- - Involuntionsbeschleunigung
M : . A
Bl Involutionsbeschleunigungsénderung
o R ; : i
o Anderung der Involutionsbeschleunigungsinderung
Das allgemeine Integral von (1) lautet:
M@i) = Ay + Ajet + Agemt + Age™ 12):%)
M=Anzahl der Meissnerschen Kdrperchen auf 1mm? Zehenhaut M (0)=75.49
) 3 7 ] il ;
gor AM am am am _ M(0)=-4,74
g1+ 146485 * 5 + 0470863 Ty + 00173693 -3 =0 MH0=—14. 24
m0)= 21,81
n=49 v=42
R=0,9663
607 t=243117
2a <0110
|e Regressionsfunktion:
YT\ M=2,0033- 26,5256 4020369% 4 74 37410402153, 5 5550 0,0423279¢
n=49 v=42
0k \ ®=09664
t=1243616
$20¢0,1-107F
301
201
.
10t =
.
O.L. e o :
e —

0 10 20 30 40 50 60 70 80 90 t=lebensalter
[lahre]

Abb. 1. Anzahl der Meissnerschen Tastkoérperchen pro Flidcheneinheit der Zehen-
haut bei 49 Personen beiderlei Geschlechts in Abhéngigkeit vom Lebensalter.
Nach den Angaben von Bolton et al. (1966) sind die n=49 Messpunkte aufgetra-
gen. Die Koeffizienten der Differentialgleichung (1) wurden durch Differenzen-
rechnung und Innere Regression ermittelt. Das Integral (2) wurde mit dem
angegeben Anfangsbedingungen exakt berechnet, zum Vergleich wurden die
Intergrationskonstanten zusitzlich durch lineare Regressionsrechnung ermittelt.
Die beiden Kurven fallen bei Zeichengenauigkeit zusammen und lassen sich erst
in der vierten Dezimalstelle des Korrelationskoeffizienten unterscheiden. Xein
Geschlechtsunterschied.

*) In dieser und den folgenden Gleichungen sind die exponentiellen Zeitkon-
stanten mit einem Minuszeichen versehen, um anzudeuten, dass sie alle kleiner
als Null sind.
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Ein hier passendes partikuldres Integral ist in Abb. 1 angeschrieben,
wo sich auch die Koeffizienten von (1) finden. Die 3 verschiedenen
exponentiellen Zeitkonstanten in (2) sind grob gerundet:
71 = 1, 72 = ——'0,4, 73 F —00,4,

Wie Abb. 1 zeigt, fallt die Kurve der Amnzahl der Tastorganellen pro
Fliacheneinheit in der Kindheit dusserst rasch, im mittleren Lebensalter
weniger drastisch und strebt im Senium asymptotisch einem konstanten
Restzustand zu. Abb. 2 zeigt das Verhalten der Meissnerschen Tast-
korperchen in der Fingerhaut, wobei — wie schon erwdhnt — Ge-

M= Anzahl der Meissnerschen ‘721,stk5/*perchen pro Fingerhautfidche [n-mm™2]
6 ] :

. M(t)=8,2632+23,9618¢ 1020369t , 6,946 & 04021582 1 36, 4455¢™ 0,0425279¢
701
60
50
40

30

2

10
!

i ] 1 1 ! 1 1 1

1 H |
10 20 +1=.30 40 S50 60 70 80 90 700
t =lebensalter [Jahre]

Abb. 2. Wegen des Geschlechtsunterschiedes ergeben sich fiir die zeitabhéngige
Anzahl der Meissner-Kérperchen in der Fingerhaut (bezogen auf die Hautfldchen-
einheit) eigentlich getrennte Kurven fiir Manner und Frauen. Der hier gezeigte
Kurvenzug gilt unter Nichtbeachtung des Geschechtsunterschiedes fiir Homo
sapiens, der analytische Ausdruck wurde flir 63 Personen durch Regressions-
irechnung ermittelt. Messungen von Ronge (1943) sowie Bolton et al. (1966).

schlechtsunterschiede unbeachtet bleiben. Wollte man dieses Verhalten
kritiklos akzeptieren, dann miisste man resignieren, denn man hétte
zu schliessen, dass der Mensch vom Tage der Geburt an degeneriert.
So sinnlos kann aber die menschliche Existenz nicht sein!
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Die Losung des Problems ist im menschlichen Wachstum zu suchen.
Die Differentialgleichung fiir das Wachstum der Fingertasthaut ist.
d‘F d’F dF
£ by,—+by—=0 3
a0 dt" g TP
mit F=Fingertastfliche (mm?) und t=Lebensalter (Jahre). Das allge-
meine Integral ist

F(t) - Bo -+ Ble‘ﬂ‘t = Bz'e_ﬁ’t + B;;e_ﬁ't (4)

F = Fingertastfldche [mm?]
300

250

200

150

d F+0374512 d3F L2F4 pozriegg d—+0000159072 =0
P S 23 di? dt

F(t)=174,6531+ 1749457 02794612 1361545 0,0862016% 4145, 2904¢™ 0,00685947¢
50~

I 1 1 1 1 1 1 1 1 !
10 20 30 40 50 60 70 80 90 100
t=Lebensalter [Jahre]

Abb. 3. Abhidngigkeit der mittleren absoluten Fingerbeerenfliche vom Lebens-
alter. Die Wachstumskurve steigt in der Kindheit steil an, bei Adolescenten ver-
langsamt sich der Zuwachs allmihlich. Nach einem Maximum im mittleren Le-
bensalter fallt die Kurve, weil subcutanes Fettpolster, Wassereinlagerung und
elastische Fasern allmidhlich reduziert werden. Die Konstanten der Differential-
gleichung (3) wurden durch Differenzenrechnung und Innere Regression, des
Integrals (4) durch lineare Regressionsrechnung ermittelt, nachdem die Expo-
nenten durch Losen der Differentialgleichung bekannt waren. Unter Verwendung
von Messwerten Ronges (1943) und Amngaben aus der anatomischen Handbuch-
literatur.

Numerisch sind (3) und (4) in Abb. 3 angeschrieben, fiir (4) steht dort
der analytische Ausdruck des passenden speziellen Integrals. Der Kur-
venzug der Abb. 3 zeigt ein kréftiges Wachstum der Fingerhaut in der
Kindheit, das bis ins mittlere Lebensalter verlangsamt anhilt, um
schliesslich einer langsamen Flichenabnahme zu weichen. Bekanntlich
degenerieren in der Cutis etwa vom 40. Lebensjahr an allmidhlich die
elastischen Fasern, in hoherem Alter kommt dann neben dem Turgor-
verlust noch der allmihliche Schwund des Fettpolsters hinzu.
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Betrachtet man nun die Anzahl der Meisner-Koérperchen als Funk-
tion zweier Argumente
M = {#,F) (5)

M=Anzahl der Meissnerschen
Korperchen pro
Fingerhauffliche

5 < ~0,402159¢ -0,0423279t
i }/-M{t}=8,2632*2?,95103 Lt t+6‘,8846‘ +364455e

i 00862006 qo0685047t
-t D2T4STE 5o s 08201 145 79046~ 00655

b

} dM dt [ a=63,754/mm?

}///,-M(”(F}=7.€49+ ar af & { e 277,000[[mm-£]
a

e Y Tl

Lt llll M(?) F)—7455_[{1M dt 4r & =277,012 [mm?]
l' R e v {d=z47,749[mm2]
L

k!g} } Parameterdarstellung der Raumkurve

- = -004
ML, F(t)=-263,7890+20,2985¢ 10204 1 0p 390 01022t 35575, 009231

MitF(t) = 1746531+ 1748430 ~02794972 _ 373 51540 ~00882016 , 15 954 ~ BO06ESH7 T

Abb. 4. Abhéngigkeit der relativen Anzahl der Meissnerschen Tastkorperchen
vom Lebensalter und von der aktuellen Grosse der Fingertastfliche, also M = f
(t, F). Die transzendente Fldche (8) ist Losung der Pfaffschen Differentialglei-
chung fiir 2 Argumente (7), sie enthélt die Raumkurve (dick ausgezogen), um die
alle Messwerte streuen. In die tM-Ebene ist die Kurve (2) aus Abb. 2 projiziert,
in die tF-ebene die Kurve (4) aus Abb. 3. Diese Projektionen sind Parameter-
darstellungen der Raumkurve, Die 3 mogliche Projektion in die MF-Ebene ist
ebenfals eingezeichnet (siehe auch Abb. 5). Unten links das logische Schema der
Abhéngigkeiten.
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dann sind die Gleichungen (2) und (4) die Parameterdarstellungen einer
Raumkurve, die in der ‘Fliche (5) enthalten ist (Abb. 4). Das logische
Schema der Abhédngigkeiten (5) ist ebenfalls in Abb. 4 dargestellt.
Wollte man die direkte Abhingigkeit

M = {(F) (6)
in einem geschlossenen analytichen Ausdruck darstellen, dann wére
dies nur im Komplexen moglich. (6) kann aber im Reellen zumindest

M= Anzahl der Meissnerschen Kdrperchen in der Fingerhaut [n+mm=2]

8o 276,970
M{Fl= 7556+ j 24,4499~ V0203691 - 75075~ OA021391 .1 5457~ QOHZ28 E b
5 63 '754-4,8883e-0'? 79451t 2, 13330~ 0:086202¢. 0,995?8-0'0058595t
o T a6
M(F)p=14,97~ / 24,4499~ V020369t g p57, 04021998 4 5477,~ 00423281
7% 995 4,8888 o~ 0,279451t 24,1333 o 0088202, 099626 00068595¢
60 il ’
501
401
30
- M),
M(F),
01
1 | ! 3 " l
50 100 750 200 250 300 F=Fingerflichengrosse

[mm2]

Abb. 5. Abhidngigkeit der relativen Anzahl der Meissnenschen Tastkorperchen

von der aktuellen Fingerflichengrosse. Die Darstellung im Reellen ist nur in

2 Stiicken moglich, die Auswertung der Integrale mur numerisch. Die Kurve

stellt die Projektion der Raumkurve (8) aus Abb. 4 in die FM-Fliche gesondert
dar. Der untere Kurvenabschnitt gilt fiir alte Menschen.

.
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J

numerisch aus zwei Kurvenstiicken erhalten werden, wenn man von
den beiden in Abb. 5 angegeben Integraldarstellungen ausgeht. Die
ttranszendente Fléche (5) ergibt sich durch Integration der partiellen
linearen Differentialgleichung 4.

Ordnung
o'M °M oM
a—t“—l_ 28t3+1 +o +8F4+ 28F3+ 13F2+° ()

deren \al*lgvemefinn-es Integral allerdings bereits die Strukitur

MUt F/tf] = Cy - Cye 14 Cyevt - Cpe=rt +
+Ciexp{—My(B, + Bie~P + Bye~ + Bye~h )} +
+ Ciexp{—Ay(By + Bie#¢ + Bye—t |- Bye#t )} -
-+ Cgexp{—Ay(B, + B,e#t -+ Bye—Fit | ByeFt )} (8a)

aufweist, oder in abkiirzender Schreibweise
—p/Bo 3 —pkt

M/t, F(t)/ = C,+ élcie—”t 3 écm + 3 Bee (8b)

(i=12.6 k=123 n=123 p=123)

Das Argument im Exponenten des 4 bis 6 Terms in (8a, 8b) ist das
Exponentialfunkionspolynom (4), also der analytische Ausdruck fiir F(t).

Die in der 3-dimensionalen Darstellung (Abb. 4) eingezeichnete
Raumkurve ergibt demmnach bei Projektion auf die Mt-Ebene den
Kurvenzug der Abb. 2, bei Projektion auf die tF-Ebene die Kurve der
Abb. 3 und bei Projektion auf die MF-Ebene die Kurve der Abb. 5.

Um die bisher abstrakt dargestellten Ergebnisse anschaulich inter-
pretieren zu koénnen, muss noch die bekannte Tatsache in das Ge-
déchtnis zurlickgerufen werden, dass die Amnzahl der Elemente des
Nervensystems zum Zeitpunkt der Geburt einen mnicht mehr erhoh-
baren Wert erreicht hat, weil extrauterin kein funktionsfahigen Ner-
ven- bzw. Sinneszellen neu gebildet werden kénnen. Da die Haut aber
in der Kindheit am stdrksten wachst, wird — ohne nennenswerte Vier-
dnderung ihrer absoluten Anzahl — die relative Anzahl der Meissner-
schen Tastkorperchen pro Flicheneinheit vermindert, was man als
einen ,,Verdiinnungseffekt” aufassen kann. Diese Dissemination tduscht
den raschen Involutionsprozess in Abb. 1 und 2 wéhrend der Kindheit
vor. Etwas vom 20 Lebensjahre an stellen sich dann die frithesten wirk-
lichen Degenerationen ein, die aber noch micht grosse Zahlenwerte
annehmen, was erst vom 35 Lebensjahre and der Fall ist. Die rasche
Degeneration in hoherem Alter wird dann teilweise wieder dadurch
kompensiert, dass die Hautfliche infolge des Altersumbaues etwas
verkleinert wird.
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Aus der Sicht der Neurophysiologie und der funktionellen Neuro-
morphologie interessiert nun, wie sich die geschilderten Vorgidnge auf
die Reizausnutzung auswirken. Bezeichnet man den punktférming
wirkenden mechanischen Reizdruck mit P (g.mm~2), den Reizerfolg mit
E (%), dann konnen an Hand wvon Messungen die Koeffizienten der
Differentialgleichung

4 3 2
L5 +c, LA e

dE
- o s B (9)
dp! <:11>3+ ldP2+ ’ap

bestimmt werden. In dieser Differentialgleichung sind die Koeffizien-
ten anschaulich interpretierbar:

¢y = Riickstellkonstante

c¢; = Dampfungskonstanite

c, = Trégheitskonstante
Das Integral dieser Gleich dst

E(P) = D, -} D,e 1P 4 Dye P - Dye~F (10)

ein passendes partikuldres Integral zeigt Abb. 6. Der dem Augenschein
nach ndherungsweise lineare Kurvenzug ist nach statistischer Priifung

E = Reizerfolg [%]

£(P) = 4299,1131- 204, 08466 769107, 5943, 28140 AO216%85F
wol- 5049, 3107¢~ 006645 P ;
| mitder Kondition E(0)~0
n=60 v=53 R=06590
| t=m2037 ’
208 < 0,7-1.0 £ ¢
50 '
10
A S 1 l R, 1 l 1 1 N | 1 1
5 10 15 0 p= A’eizdruck[g-mm'f]

Abb. 6. Abhéngigkeit des Reizerfolges vom Reizdruck pro mm? Fingertastfldche.

Sehr starke Streuung der Punkte um die Kurve, weil das Lebensalter nicht be-

riicksichtigt dist. Messungen von Ronge (1944). Der analytische Awusdruck (10) —

durch Regressionsrechnung gewonnen — befriedigt die Differentialgleichung (9).
Vergleiche mit Abb. 7.
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mit der Amnnahme der Linearitit mnicht wvertraglich, so dass der
Amnsatz (9) gerechtfertigt erscheint. Das Gesetz ist einfach und plausi-
bel: Wenn der Reizdruck erhoht wird, steigt auch der Reizerfolg.
Die starke Streuung der Punkte um die Kurve ist darauf zuriickzu-
fithren, dass die Messungen bei Versuchspersonen unterschiedlichen
Alters angestellt worden sind. Betrachtet man némlich den Reizerfolg
E(%) in Abhéngigkeit vom Lebensalter (t), dann gilt die Differential-
gleichung

d’E
E‘}' zﬁ"" 1&;%‘ o (11)

mit dem allgemeinen Integral
E(t) = Goe™"t 4 G,e~"t | Gge ™"t (12)

F=Reizerfolg [%]
gl EC0)=74,3724-548,8456 ¢ ~0.1560232 4 59 91750

o -aqa80e~00T5t
n=60 v=53
R=03372

t= 26078

2ac 0,02

-00979838 t_

s P, P T I

S TS ]
0 §o 100 t=Llebensalter
[Jahre]

Abb 7. Abhéngigkeit des Reizerfolges in Abhingigkeit vom Lebensalter gemiss

Differentialgleichung (11) und deren Lésung (12) Berechnung des analytischen

Ausdruckes durch Innere und anschliessende lineare Regression. Die starke

Streuung der Punkte dist dadurch bedingt, dass hier der Reizdruck unbeachtet
bleibt. Vergleiche mit Abb. 6.
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Ein fiir die Messwerte passendes partikuldres Integral ist in Abb. 7
gezeichnet. Hier ist die Nichtlinearitdt sofort deutlich, ebenso aber
die starke Streuung, die sich ohne weiters erklaren ldasst, weil hier
der aufgewandte Reizdruck ausgeschaltet ist. Die vorstehenden Bemer-
kungen machen bereits deutlich, dass es sinnwoll ist, anstelle der ge-
frennten Differentialgleichungen (9) und (11) die Summe aus beiden
zu verwenden, also die lineare partielle Differentialgleichung vom
Pfaffschen Typ
o'F B 2’E oK « 2'E E 2’E JE
op* +cy op® +c op? +co 3P+ ot + s, ot + s; ot + s ot =0 (13)

deren allgemeines Integral
E (t,P) =K, + K, e~ %t + Kye %t | Kze %t 4
+ K,e P K e P 4 Ke P (14)
eine transzendente Fliche 4 Ordnung ist. Das die Messwerte befriedi-
gende partikuldre Integral ist in Abb. 8 gezeigt, wo sich auch das
logische Schema befindet. Die trige nichlineare Oscillation der Integral-

~30447te~ 01750t _ 75,9429 ~008H0F , 3724, 65245 02859 F

~6498,0430¢ ~ %006655°
n=67 v=54
R =0,9082
t=15,9430
20c{0,1-10733
Abp. 8. Aph'a‘mgigkeit des Reizerfolges vom Reizdruck und vom Lebensalter zu-
gleich geméss dem logischen Schema unten links. Sehr gute Anpassung der
Integralfliche (14) an die Messpunkte, die micht eingezeichnet sind. Dies ist aber
daran zu erkennen, dass trotz Abnahme der Freiheitsgrade (in Abb. 6 und 7 idst

jeweils » = 53) der Korrelationskoeffizient (x¥) und der Wert von t zugenommen
haben. Die Integralfliche befriedigt die Pfaffsche Differentialgleichung (13).
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flache in t-Richtung ist besonders interessant, zeigt sie doch deutlich,
dass Kinder tiberempffindlich sind, Erwachsene eine relative Unter-
empfindlichkeit aufweisen, wahrend alte Menschen gegeniiber akuten
Reizen eine an Kinder erinnerndte relative Hypersensibilitdt erkennen
lassen. Histologisch ist dieses merkwiirdige Greisenverhalten erklirbar:
Die Altersverdnderungen der Haut bedingen eine leichte Deformier-
barkeit, so dass ein Reiz micht nur auf direkt betroffene Tastkénperchen
wirkt, sondern auch auf solche in der weiteren Umgebung. Diese Tat-
sache steht micht im Widerspruch zu der Kklinisch lange bekanntemn
Greisenindolenz, die fiir chronisch wirkende Reize gilt: Die absolut
niedrige Zahl der sensiblen Organellen ldsst alte Menschen ,ab-
stumpfen”.

Der vorerst letzte Schritt einer analytischen Betrachtung dieses
Wechselspiels zwischen Wachstums- und Involutionsprozessen im Zu-
sammenhang mit der Tastsinnesfunktion wirft die Frage auf, ob die
Abhéngigkeiten vollstandig in eine Theorie zu fassen sind. Abb. 9 zeigt
das logische Schema und die Integralfliche, die bei Lésung der partiel-
len Differentialgleichung

2'E 3E 2°E 2E , 'E O’E
o T o T “ae T o Top T T
°E °E
ok S 15
+012P2 +c°aP (15)

entsteht. Der bei Abb. 9 angeschriebene analytische Ausdruck fiir das
passende partikuldre Integral ist vereinfacht, indem die 3 ersten Terme
im Exponenten das Argument M enthalten. Nach den vorstehenden
Ausfiihrungen und dem logischen Schema (Abb. 9) ist aber deutlich,
dass M wiederum als Funktion in die Rechnung eingeht, d.h. der ana-
lytische Ausdruck hat die Struktur -

p Bat

a,t —a,t it + B.e |

E(M1 P) o Jo +J1e_T| (Co - Cxe_ bt + Cqe

—f,t —Xs (...) —13(...)
e ) v e —l— Jze_ln (ed) + Jse_Ts $iin) ._I.. J4e—l‘qp + J5e—PzP +
-+ Jge—P (16a)

oder vollstdndig in abgekiirzter Schreibweise

4

—a,t — (Bo+ Bie |
e

+ Cse +C

E(M,P)=J,+ 23‘ {J,-exp [— T (Co + 23 Cie ~"nt Zs Ciexp—
=1 i=4

=1

3 6
e (B°+ i )])]}+ Y gt (16b)
k=1 =4
i=1,2,.,6; j=12..6; k=12, 8; m=1,2,3;, n=1,2, 3, p=1,2,8;

]
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1528, 1289 "000067IM _ g5 71550 0085406P
+2665,1776¢ ~0021859° _ 5355 4956 0~ (006635 P

n=67 9=54
R=0,9122
t = 16,3591 \
204 0,1-107% ‘ ’
: /
5 g:: g?:w%-/fu?gi;g i —’
(M =flE)],. 0)

Abb. 9. Abhidngigkeit des Reizerfolges vom Reizdruck und von der relativen

Anzahl der Meissnerschen Tastkorperchen zugleich. Der vereinfachte analytische

Ausdruck hat die Struktur (16), er ist Losung von (15). Den logischen Aufbau

demonstriert das rechts unten eingesetzte Schema. Biologisch sinnvoll ist nur
der Flichenabschnitt, der vom Intervall 8 << M << 75 begrenzt wird.

‘Wie man sieht geht das Exponentialfunktionespolynom (8a) bzw. (8b)
als Argument in die Exponenten der drei ersten variablen Terme des
Integrals (16b) ein. Damit ist die Abhéngigkeit des Reizerfolges

EM/t, F/t), P)
strukturell und kausal nur auf Zeit- und Druckabhéngigkeit reduziert.
Prift man die Gultigkeit der Differentialgleichung (1) auf andere Teile
des Nervensystems, wobei die abhingige Variable M gegen die jeweils
betrachtete auszutauschen wire, dann ldsst sich fesbtstellen, dass (1)
weite Giiltigkeit hat. In Abb. 10 sind drei andere zeitabhingige Varia-
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blen in Abhéngigkeit vom Alter aufgetragen. Jede der 3 Intergralkur-
ven befriedigt (1), d.h. die berechneten Funktionen sind Ldsungen von
(1). Es wére reizvoll, auch diese Beziehungen néher nach dem gezeigten
Schema zu analysieren, doch fehlen dafiir vorerst noch verléssliche
Messungen als Basis.

(%]
160}
" \ n(t)=74,5754+ 54434, 16856 0209092 1 715 80gpe 01751, 54, gugge OOTETIL [y
\ \ 1o,(t)=67,3542+ 532, 981264020092 41 o117~ 0102199 gp, 19316 .O23ETSE [
\ 2(t)= 75,180+ 4,991~ 1020309 415, 5150402198 4 75, pagoe G032 [
#o- \ \
\ \
\ A- Blutstrimmung des Gehirns
120 \ B~ 0,~Verbrauch des Gehirns
\ \ C-Anzahl der Rindenneurones
100}~
80
1 1 | L | L |
o NidneA gl T 80 00

t =lebensalter [Jahre]

Abb. 10. Die Differentialgleichung (1) beschreibt aus andere altersabhingige

Prozesse im Nervensystem, wenn man M als Ordinatenbezeichnung entsprechend

auswechselt. Die drei hier gezeigten Kurven sind Losungen der Gleichung (1)
Daten aus Bourliére 1966.

Jedenfalls zeigen die vorstehenden Ausfiihrungen dass die Anwen-
dung der Analysis iliber die einfache statistische Auswertung hinaus
durchaus zu brauchbaren und sinnvollen Modellen fiihrt und damit
erlaubt, den Versuch der Aufstellung einer Theorie des Alterns ner-
voser Strukturen micht mehr als von vornherein absurdes Unterfangen
beiseite schieben zu miissen.
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J. H. Schart
TEORIA PROCESU STARZENIA W UKLADZIE NERWOWYM CZLOWIEKA
Streszczenie

Gdy przyjmie sie za wzorzec ciatka Meissnera, wylania sie mozliwo§¢ przed-
stawienia matematycznej teorii procesu starzenia. Inwolucja liczby wzglednej
meissnerowskich mnarzgdow dotykowych ma jednostke powierzchni tkanek migz-
szu palca nie jest wyrazem czystego procesu starzenia sie, lecz wypadkowsg po-
miedzy wzrostem a starzeniem sie. Przedstawia sie dwa modele matematyczne,
rowniez dla wykorzystania podraznien.

T'. ITapd
K TEOPUM IIPOIIECCA CTAPEHMSI B HEPBHOM CHUCTEME YEJIOBEKA
CopxmepxXaHue

Ha npumepe ocsA3aTesbHBIX Tejer; MejiccHepa MbITaeTcsd yCTAaHOBUTHL MaTemaruyec-
KYIO TEOpMIO Bo3pacra. VIHBOJIOLMS OTHOCUTEJBLHOrO uYmucja opraHesaa MeiiccHepa I10
eIVHMIIE TIOBEDXHOCTM KOXKM He ABJAETCA YMCTHIM IIPOLeCCOM CTapeHudA, HO npen-
craBaser coboi B3auMMOJeNCTBME MEXKAY DPOCTOM M cTapeHmeM. JInda MCIOJIb30BaHWUA
pa3gpazKeHud TaKiKe IIpeJJIaraloTcA MaTeMaTUdecKue MOJeJN.
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MIROSEAW OWSIANOWSKI

EFFECT OF PRENATAL X-IRRADIATION ON RESPIRATION
AND GLYCOLYSIS OF THE BRAIN IN ONTOGENIC
DEVELOPMENT

Department of Neurology, Medical Academy, Poznan, Poland

Among the factors disturbing the regular development of the central
nervous system, ionizing radiation plays an important role. In search-
ing for mechanisms responsible for developmental brain alterations as
the effect of irradiation of the foetus, biochemical changes during onto-
genesis are the subject of the greatest interest. A lot of these changes
were noticed during experiments made lately in our laboratory (Mula- ;
rek, 1968; Wender, 1964; Wender et al., 1964; Wender, 1965).

The purpose of the present experiments was to establish the influ-
ence of irradiation of animals during their final foetal life on the
respiration process and the glycolysis of the brain, in the different
stages of their ontogenic development.

MATERIAL AND METHODS

Experimental animals — rabbits (Chinchilla) — were irradiated with
a single dose 150 r of X-ray radiation on the 18th day of foetal life.
The day of fecondation was considered tthe first day of pregnancy. For
irradiation Picker’s therapeutic Roentgen apparatus was utilized, using
the following settings: 18 KV, 15 mA current and 05 mm Cu and ~
1:0 mm Al filters. The distance of the lamp focus to the detector was
exactly 72 cm, the dose-rate was 26 r/min. To obtain 150 r dose — the
animals were irradiated for 5 min. 48 sec. During irradiation the
pregnant females were placed in a special box, made of plexiglass and
‘paraffin, where the quantity of the rate of radiation had been previously
determined.

Measurements of the tissue respiration and the anaerobic glycolysis
rate in the brain were carried out during the following periods of
ontogenic development: the 20th day of foetal life and the 1st, 3rd,
12th, 30th, 48th and 120th day after delivery.
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In choosing the age of experimental animals the occurence of the
phenomena, which contribute greatly to the development of the mer-
vous system in rabbits were taken into account. According to Palladin
(1955) the following stages are especially important in the brain de-
velopment of the rabbit: the period of extensive differentiation of the
nervous tissue (16th - 20th day of foetal life), beginning of the extra-
uterine life (lst day after delivery), period of appearance of mew
functions i.e. the sight (9th — 10th day of life) and the period, in which
many biochemical processes approach the level specific for adult ani-
mals (30th day of life).

The myelination process was also taken into account; this process
begins between the 9th — 20th day of extrauterine life and is complet-
ed between the 30th — 56th day of life (Edgar, 1955).

The animals were killed by decapitation and the samples of white
and grey matter of the brain hemispheres were taken immediately for
the experiment. In older animals the white matter and grey matter
could be distinguished. In younger animals the tissue was taken from
" the sites, in which later the grey and white matter appears; the hemis-
pheres of the foetuses were investigated in toto. For biochemical de-
termination 10% homogenate was prepared. The tissue respiration and
glycolysis were measured manometrically, using the Warburg appara-
tus, at 38°C. The oxygen consumption was measured using direct
method of Warburg in an atmosphere of oxygen (Umbreit et al., 1959),
as a medium the Krebs-Ringer solution with phosphat buffer (pH 7,4)
was used. Immediately before performance of measurement, 2 mg/ml
glucose was added. The determination of the anaerobic glycolysis was
carried out according to Negelein (1956) in an atmosphere of gas mix-
ture: 95% N, + 5% CO,; as a medium the Krebs-Ringer solution with
carbonate buffer (pH 7-4) was used. The retention of lactate was taken
into consideration. Gasometric data were expressed (Qcs; Qm) as quan-
tities of absorbed or liberated gas per mg of dry tissue in one hour.

In the same developmental periods as the irradiated animals — nor-
mal rabbits, not irradiated — were taken for experiments as a control
group. Fisher’s test was used for variancy analysis; the statistical
significance of the data was determined using Student’s test. Confi-
dence coefficient P < 0'05 was taken to determine the significance.

In all examined periods of both experimental groups — the brain
was taken for histological studies. The brain was fixed in a solution
of 10% formaline. The frozen slices, 20 n thick, were coloured according
to the Spielmeyer’s method (Romeis, 1948). On the basis of microscopic
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examination the degree of myelination of the nervous fibres in the
brain of the irradiated rabbits and the control group was compared.

RESULTS

The results of the investigation of the normal rabbits indicate, that
tissue respiration and anaerobic glycolysis rates in the grey and white
matter of the brain are related to their maturation and change consi-
derably as the development of the animals proceeds (Tab. 2, 3). During
the period which directly follows delivery — the tissue respiration
shows similar values for the grey and white matter of the brain. These
values diverge during further ontogenic development: as the central
nervous system of the rabbits matures — the oxygen consumption in
the grey matter of the brain — increases (Fig- 3). In the white matter —

Fig. 1b. The rabbit irradiated on the 18th day of foetal life with a dose 150 r.
Age: 30 days.
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the tissue respiration assumes the highest values during the period,
which directly follows delivery, when the myelination process is beginn-
ing. During the next developmental periods — the tissue respiration
in the white matter — decreases (Fig. 3). The glycolytic activity in the
grey and white matter of the brain — is similar to the tissue respiration
(Fig. 4). Very detailed results of investigations of the tissue respiration
process and anaerobic glycolysis of the brain during normal ontogenic
development of the rabbits were published earlier (Owsianowski, 1968).

The irradiation of the pregnant females has no influence on the deli-
very term or on the number, appearance, behaviour and weight of the
newborn animals.

The first general irradiation effects were seen the third or the fourth
week after delivery. The mobility, the gloss of the hair, the weight of
the body and the brain of the irradiated animals were much smaller
than those of the control group (Tab. 1, Fig. 1a, b).

In the further developmental periods — ithe irradiated animals differed
more distinctly from those of the control group of the same age (Tab. 1,
Fig. 2). The results of the biochemical investigations indicate, that the
ionizing radiation distrubed also the dynamics of 'the brain develop-
mental changes, of oxygen consumption and the glycolytic activity
of the brain. (Fig. 3, 4). The decrease of oxygen consumption in the
brain cortex of the irradiated animals was seen just the first day after

Fig. 2. Rabbits aged 120 days. On the might — rabbit irradiated on the 18th
day of foetal life with a dose 150 r: on the left — normal rabbit (control group).
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Table 1. The weight of the body and the brain (in grams) of normal and irradiated rabbits

Weight of the body Weight of the brain
Age normal rabbits | irradiated rabbits' {ifference of PR 8 normal rabbits | irradiated rabbits| {ifference of R
i the mee:n coefficient the mez;n coefficient
mean values mean values values (75) mean values mean values values (%)
20th day of \
foetal life 225+ 036 220+ 021 2 P-=>i0/05 0:33+0°03 0274004 18 P > 005
i ) Tt ins:
1 3583+ 2-64 3430+ 2-58 4 P > 005 1:06+-0-09 1074012 1 P > 005
E 3 5800+ 1-18 5717+ 720 2 P > 005 1:63+006 1:61-£007 1 P > 005
Z — —
§ 12 165°00+ 20 163-00+ 21 | P > 005 2914020 2:594-0-23 11 P > 005
Q e ALY
L=
; 30 | 53500+ 24 ‘ 43100+ 23 18 P < 0:001 6:084-0-06 5:11+079 16 P < 005
I
(a]
48 | 1253-00+-180 614:00+- 56 51 P < 0001 643 040 5:00+0'64 22 P < 0:001
120 | 1751-00+-159 ’ 1306:00+-114 25 P < 0001 6754029 6:07+0'19 10 P < 0001

M ean values were counted on the ba se of the weight of 6 ¢i imals of each group;
4 standard error
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the delivery and than the 12th day. The greatest difference of the
respiration — in comparison with the control group — was found the
30th day, after delivery. A slighly smaller difference was noticed during
the next examined periods: the 48th and the 120th day of life (Tab. 2,
Fig. 5). In the white matter — the decrease of tissue respiration was
seen the 1st and the 30th day after delivery (Tab. 2, Fig. 6). The great-

=
=)

HI02
9 [T Normal
st rabbits

BEs L —— Grey matter
7T == White matter
6 < // Jrradiated

(] =Fey, / rabbits
@ E Mol ‘;} —— Grey matter
11 ™~ ——— White matter
<) i vy

ol 5
2 o —
1HH

F — 3

LLJ ]

Foetall 3 /4 30 48 720 Adult

life Days after delivery animals

Fig. 3. Tissue respiration of the grey and white matter of the brain of irradiated
and normal rabbits — during different periods of ontogenic development. The
quantity of pl O, corresponds to the mean values of Qo, as shown {in Table 2.
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life Days af'ter delivery animals

Fig. 4. Anaerobic glycolysis of the grey and white matter of the brain of irradiated
and normal rabbits — during different periods of ontogenic development. The
qunatity of pl CO, corresponds to the mean values of QuN, as shown in Table 3.
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Table 2. The oxygen consumption of the grey and white matter of the brain of irradiated and normal rabbits — during different
developmental periods

Grey matter

White matter

Age normal rabbits | irradiated rabitsb di{lf]'erence B i o normal rabbits | irradiated rabbits| difference of i
o mee:n coefficient e 50 ei.n coefficient
mean values mean values | values (%) mean values mean values | values (00)
20th day of ,
foetal life 4'64+0'14 4-584+-029 1 P > 005 4644014 4-584+-0-29 1 P > 005
s I
1 5694015 5-314-0-29 7 P < 0102 5644018 4474043 20 P < 0001
2 3 5294014 4:964-041 6 P > 005 5:17+0°67 4:78+0°17 7 P > 005
o
2
S 12 5964011 4:99-+0'46 16 P < 0001 5'55+0-28 5314024 4 P > 0:05
-
Q
&
Z 30 7034023 5254064 25 P < 0001 4064018 3:604-0°30 11 P <001
A
48 7:3940-23 6341033 14 P < 0001 3231022 3:024-0-25 6 P > 005
120 8:03+034 686047 15 P < 0°001 3:08+017 2:744+0°37 11 P > 005

1

Mean values indicate the number of wl O./mg of dry weight of tissue/hour;
-+ standard error
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est decreases of the oxygen consumption, induced by ionizing radia-
tion = was seen — mainly in the brain contex and partially also in the
white matter — during these developmental periods, in which it assu-
mes the greatest rate in normal animals.

40, Grey matter

%% 0.06
1700

95
90
85
80

75 S 1 1 1 1 A J &
Foetal 1 3 720 W B T
Iife Days af'fer delivery
Statistically Statistically

Z Significant insignificant

Fig. 5. Difference between the oxygen consumption of the grey matter of the
brain of irradiated and mormal rabbits — during different periods of development.
The differences are indicated in % and in pl O,.

Q0,-White matter

1;/0:: 0.06 a2
% ax| 102 oo L o3 H-5
90 11 -10
85 15
80 ; 3 - : ; ¢ : =20

Foetal 1 3 72 K./ 48 0
life Days after delivery

Statistically Statistically
significant insignificant

Fig. 6. Differences between the oxygen consumption of the white matter of the
brain of irradiated and normal rabbits — during different periods of development.
The differences are indicated in % and pul O,.

The anaerobic glycolysis in ithe brain of the irradiated animals de-
creases mainly in ‘the grey matter, but in the mext periods it decreases,
parallel with the appearence of.the growth perturbations (Tab. 3, Fig. 7).
In the white matter the significant decrease of glyolytic activity was
noticed the 30th day after delivery (Tab. 3, Fig. 8); in the other de-
velopmental periods — the anaerobic glycolysis in the white matter
ot the brain of irradiated animals and the control group is similar.
Histological studies of myelination of ithe mervous fibres of ‘the brain
of the irradiated animals showed no visible effect, except a slight
retardation of this process.



Table 3. The anaerobic glycolysis of the grey and white matter of the brain of irradiated and normal rabbits — during different

developmental periods

Grey matter

White matter

Age normal rabbits | irradiated rabbits difference of e normal rabbits | irradiated rabbits diflf;erence A G
the me:«:n coefficient 8 me?n coefficient
| mean values mean values values (%) mean values mean values values (75)
|
20th day of }
foetal life 4664023 4634037 1 P > 005 4664023 463+037 1 P > 005
1 5224007 5:074+0-24 3 P > 005 5:484-0-40 5:1240-25 7 P > 005
2 3 4:66+0-21 4:854-0'40 4 P > 005 4:804-0-21 5:044-024 5 P > 005
1%
iB
S 12 5114044 498 +0-34 3 P > 005 5074031 4-891049 3 P > 005
3
< .
s 30 8:56-+0°55 497070 42 P < 0001 538057 3684084 32 P <001
-
ad =2
A
48 8244032 5:98+024 27 P < 0001 3-831+024 363030 5 P > 005
120 8724026 4934034 43 P < 0001 3404010 321050 6 P> 0105

Mean values indicate the number of w1 CO./mg of dry weight of tissue/hour;

+ standard error

p
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% Q A’:f - 6rey matter
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700
95
90
85
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75
70
55|
50
55 45
50 L 1 1 1 N i AN -50
Foefal 1 3 12 30 48 120
o Days after delivery

piost i it
Fig. 7. Differences between the anaerobic glycolysis of the grey matter of the

brain of frradiated and normal rabbits — during different periods of development.
. The differences are indicated in % and in ul O,.

0.03 0.15 0.13

N, )

% Q.. - White matter
705 >
700
95
90
85
80
75
70
65 L 1 W 1 1 I 3 37

foetal 7 3 SR R R

life Days after delivery

o Statistically Statistically
significant insignificant

4 %

Fig. 8. Differences between the anaerobic glycolysis of the white matter of the
brain of irradiated and normal rabbits — during different periods of development.
The differences are indicated in % and pul O,.

DISCUSSION

Beside the morphological consequences of fonizing radiation on the
nervous system which has been examined very carefully and in details,
the most interesting problems are the biochemical perturbations caused
by this factor. Among mumerous works on changes of this kind an
important place is given to experiments of the metabolism of nucleic
acids, the synthesis of which being joined with the mitotic process
of brain development (Fitz-Niggli, 1955; Girtner, 1963; Holmes, 1947,
Hovard et al., 1953; Mularek, 1968).
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Great attention was also paid to the fact that irradiation of the foetus
in ‘the last period of foetal life causes perturbations of the normal
developmental changes in ‘the brain electrolytes (Wender, 1964), di-
sturbances of amino acids differentiation in ithe brain proteins during
maturation of the central mervous system (Wender et al., 1964), the
reduction of activity of aryl sulphatase (Wender et al.,, 1964) and the
temporary perturbations of brain lipids (Wender, 1963).

The tissue respiration processes and the activity of the enzymes in
the irradiated tissues have also been the subjects of examination for
the influence of donizing radiation on the organism, but the results of
these experiments are often very diverse.

Florscheim et al. (1952) did mot notice-after ionizing radiation of
mice with a dose of 500 r-any changes of oxygen consumption in the
brain, neither directly after the irradiation, nor 190 hours later. The
irradiation of the cell suspensions of mice did mot cause — as Schmid-
lin-Meszaros (1954) have shown — any decrease of the activity of the
enzymes of the citric acid cycle. Some authors noticed, that the de-
crease of tissue respiration can be observed while examining the isolat-
ed mitochondries (Fritz-Niggli, 1955; Ryser et al., 1954).

In contradiction to these observations there are some reports indicat-
ing ithe increase of oxygen consumption in the tissue homogenates
after the irradiation of rats with a dose 200 — 1400 r (Kunckel et al.,
1952). The results of experiments of the influence of irradiation on
anaerobic glycolysis are more in accordance. Inhibition of the glycoly-
tic processes was observed in the retina of the rat (Crabtree, 1939) and
in the spleen of the mouse (Hickman et al., 1953).

Very interesting investigations of ‘the influence of donizing radiation
on the respiration of the retina were made by Cohen and Noel (1960).
They found that irradiation with doses which do mot change the bio-
electrical function of the retina, have no influence on the oxygen con-
sumption in the tissue whereas stronger doses or radiation, producing
evident changes in the electroretinogram, also cause an important
inhibition of the respiration and glycolytic processes. These data show
a parallelism of the metabolic and functional consequences of ionizing
radiation.

The divergent results of investigations of the influence of irradia-
tion on the tissue respiration processes seem to depend on unequal
conditions of the experiments, on the time of observation after the
action of ionizing radiation and especially on the degree of maturity
of the irradiated animals.

http://rcin.org.pl



354 M. Owsianowski

Knowing the close connection between tissue respiration and glyco-
lysis with the maturation of the central nervous system (Flexmer et al.,
1941; Flexner, 1955; Himwich, 1939; Himwich et al., 1941; Owsianow-
ski, 1968), our own experiments concerned ‘the influence of irradiation
of the animals in their final foetal life on the dynamic of these pro-
cesses in 'the brain during the ontogenic development.

The genenal radiobiological observations concerning the appearence
and the behaviour of the irradiated animals are all in accordance with
the results of those of a lot of authors, indicating, that ionizing radia-
tion acting on 'the organism in the final period of foetal life causes
smaller and often more distant morphological consequences than those
used in the first phase of the organogenesis (Hicks, 1953; Job et al.,
1935; Lamerton et al., 1953; Mularek, 1968; Wilson et al., 1950; Wilson,
1954). The lack of essential perturbations of ithe myelination process
in the merve fibres in the brain of the irradiated rabbits on the 18th
day of the foetal life is in agreement with the results of the examina-
tions of Wender (1965), who noticed only a very slight retardation of
this process after having irradiated guinea-pigs in their final period
of foetal life. These observations show a relatively slight sensitivity
of The myelination process on ionizing madiation acting in the last
period of foetal development, in contradiction to the metabolic pheno-
mena, the pernturbations of which were presented in this work. The
biochemical experiments showed, that ionizing irradiation acting dur-
ing foetal life — caused a metabolic error distinctly seen, at the ‘time
of the ontogenic brain developmenit.

CONCLUSIONS

1. Irradiation of the mabbits on the 18th day of foetal life with a dose
150 r of X-Ray disturbed the normal developmental changes of the
tissue respiration and the anaerobic glycolysis of the brain during
ontogenesis.

2. The decrease of oxygen consumption induced by ionizing radiation
is seen mainly in 'the grey matter of ‘the brain and partially in the
white matter. The greatest decrease of this process occurs during those
developmental periods, in which it assumes the greatest rate in mormal
animals. -

3. The anaerobic glycolysis of the brain of irradiated rabbits decrea-
ses mainly in the grey matter in later periods of extrauterine develop-
ment, coinciding with growth penturbation caused by ionizing radiation.

4. The myelination process of the mervous fibres of the brain of irra-
diated animals is only slightly retarded.
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WPLYW DZIALANIA PROMIENI X W ZYCIU PLODOWYM NA
ODDYCHANIE TKANKOWE I GLIKOLIZE MOZGU W CZASIE ROZWOJU
ONTOGENETYCZNEGO

[Streszczenie

U krolikbw napromienionych w 18 dniu Zycia wewngtrzmacicznego pojedyncza
dawka 150 r — badano oddychanie tkankowe i glikolize beztlenowa w moézgu
w réznych okresach rozwoju ontogenetycznego. Zuzycie tlenu przez mézg i aktyw-
no$é¢ glikolityczng oznaczono metodami manometrycznymi, postugujac si¢ apa-
ratem Warburga.

Poréwnujgc wyniki badan u krélikéw mapromienionych i u zwierzat prawid-
lowo rozwijajgcych sie stwierdzono, ze promieniowanie jonizujgce, zastosowane
w koncowym oKresie zycia plodowego zaburza prawidlowa dynamike zmian roz-
wojowych oddychania tkankowego i glikolizy mozgu. Najwieksze obnizenie zuzy-
cia tlenu u zwierzat stwierdzono w istocie szarej moézgu; w mniejszym stopniu
w istocie bialej. Zjawisko to wystepuje gléwnie w tych okresach rozwojowych,
w ktorych u zwierzat mormalnych rozpoczyna sie wazrost oddychania tkankowego
mozgu.

Glikoliza beztlenowa w moézgu krolikéw mnapromienionych wulega obnizeniu
glownie w istocie szarej; nastepuje to jednak w poézniejszych okresach dojrzewa-
nia, kiedy obserwuje sie wywolane idzialaniem promieni jonizujacych zmiany
w wygladzie i zachowaniu sie zwierzat oraz spadek wagi ich ciala i mézgu.

W przeciwienstwie do stwierdzonych zaburzen metabolicznych, stanowigcych
nastepstwo mnapromienienia krolikéw w zyciu plodowym, nie obserwowano istot-
nego wplywu napromienienia na proces mielinizacji wiékien nerwowych w mézgu
w czasie jego dojrzewania.

‘W pracy omowiono niektore aspekty dzialania promieniowania jonizujgcego
na ‘oérodkowy uklad nerwowy.

M. OBCAHOBCKMU

BIUSTHUE PEHTTEHOBBIX JIVYEV BO BHYTPEYTPOBHOM IIEPMOJE HA
TKAHEBOE JBIXAHUE ¥ MO3IrOBOM TJMKOJMU3 BO BPEMA
OHTOTEHETUYECKOI'O PA3BUTUSA

CopmepxaHue

Y XKpoamkoB OOAy4YéHHBIX B 18 JHe BHYTPMYTPOOHOM KM3HM OAMHOYHON J0-
3011 150 p. — B pas3saMYHBIX NepMuojax OHTOI€HEeTUYEeCKOro pPa3BUTUA MCCIIEZOBaINA
TKaHeBOe JbIXaHue M aHa’pOOHBIA I'NIMKOJM3 TOJOBHOro mo3ra. Ilorpebienue MO3roM
KNMCJIOPOZia M TIMKOJIUTUMYECKYI0 aKTUBHOCTb ONpEeAeIAay MaHOMETPUYECKUMMM MEeTO-
JaMM nOpy IIoMolM anmapara BapOypra.

CpaBHMB pe3yJbTaTbl 9TUX MCCJIEAOBaHMII HaJ OOJydYeHHbIMM M TIPAaBMJIBHO
pa3BMBAOILIMMUCH IKMBOTHBIMM KOHCTATMPOBAJM YTO MOHM3MPYHOllee obJydeHMe Ha-
pylLIaeT NPaBMIbHYI AMHAMMKY BO3PACTHBIX M3MEHEHMI TKaHeBOro JAbIXaHMUA M IIU-
Koam3a B mosre. HambGosblliee najgeHue norpediaeHmsa Kucioposa y OONYy4EHHBIX XKU-
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BOTHBEIX KOHCTATMPOBAJM B CEPOM, a YACTMYHO M B GEJIOM MO3rOBOM BELIeCTBE. SIBJje-
Hue 970 Habarozaerca ryIaBHBIM 0Opa3oM B TeX Ilepuojax pPa3BUTHA, KOrga ¥ HOp-
MaJbHBIX KVBOTHBIX HA4YMHAETCA yBeJMYeH)e TKAaHEeBOTO ABbIXaHMA.

AHa9pOOHBII TIMIMKOAM3 B MO3re OOJNYYEHHBIX KPOJMKOB CHUIKAETCA IJIaBHbLIM
obpa3oM B cepoM BellecTBe, OAHAKO B 0oJiee MO3AHBIX IIEPMOAAX CO3PEBaHMsA, KOrja
HaOJIOAAI0TCA M3MEHEHMA B BBIIVIAJE M IIOBEAEeHMM IKMBOTHBIX, CHMIKEHME MX Beca
TeJa M MO3ra BbI3BaHHbIE JVOHM3MPYIOUMM o00JydeHMeM. B IIPOTMBOMOJIOKHOCTH
K KOHCTaTMPOBAHHBIM MeTabOJMMYeCKMM pacCTPOCTBAM HABJAMIOIMMCH II0CIEeJACTBUEM
00JrydeHUA KPOJMKOB BO BHYTpPeyTpoOHOM Tiepmome mo3oit 150 p.,r go3a 9ra npume-
HEeHHasA BO BpeMs CO3PEBaHMA MO3ra HE MMeJla HMKAakKOro BIMAHMA HA ITPOLIECC MMIJIM-
HU3aLN.

B pabore o0cyzKaaroTcA HEKOTOPbIE acHeKThl BIMAHMUA VOHU3UPYIOLIETO O0JIyyeHUsT
Ha I[EeHTPAaJbHYI0 HEPBHYIO CUCTEMY.
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INFORMACJA

(Wydziat Nauk Medycznych PAN oglosit w ,,Stuzbie Zdrowia”
z dn. 2.I1.69 r.

konkurs

na wykonanie prac badawczych z zakresu nastepujacych problemoéw:

PODSTAWOWE I KLINICZNE BADANIA REAKCJI USTROJO-
WYCH I KOMORKOWYCH, ISTOTNYCH W ZWIAZKU Z PRZE-
SZCZEPIANIEM NARZADOW, TKANEK I KOMOREK.
BADANIA Z DZIEDZINY GENETYKI CZEOWIEKA.

BADANIA NAD NOWYMI LEKAMI, A W SZCZEGOLNOSCI PSY-
CHOTROPOWYMI, PRZECIWNOWOTWOROWYMI I PRZECIW-
WIRUSOWYMI.

KONSTRUKCJA I ZASTOSOWANIE NOWOCZESNYCH PROTEZ
I URZADZEN REJESTRUJACYCH, WZMACNIAJACYCH LUB
ZASTEPUJACYCH FUNKCJE NARZADOW,

OCENA JAKOSCI ZYWIENIA I WYZYWIENIA ZE SZCZEGOL-
NYM UWZGLEDNIENIEM BADANIA STANU ODZYWIENTA
I WARTOSCI ODZYWCZYCH PRODUKTOW SPOZYWCZYCH.

Szczegolowe warunki konkursu zostaly podane w komunikacie
»Stuzbie Zdrowia”.
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A. RADOMINSKA-PYREK, T. CHOJNACKI, T. KORZYBSKI

ON THE BIOSYNTHESIS OF PHOSPHOLIPIDS AND OTHER
PHOSPHODIESTERS VIA CYTIDINE MECHANISM

Institute of Biochemistry and Biophysics Polish Academy of Sciences, Poland

The pathways of the biosynthesis of the most common animal phos-
pholipids have been elucidated by Kennedy and his group in the late
1950-ies. Two mechanism of this biosynthesis, both involving cytidine
derivatives as intermediates are know. In the formation of phospha-
tidylcholine cytidine triphosphate reacts with phosphorycholine to
form cytidine diphosphate choline. The latter compound passes its
phosphorylcholine moiety onto a diglyceride. In the formation of phos-
phatidylethanolamine the reaction sequence is similar except that
cytidine diphosphate ethanolamine instead of the choline derivative
functions here as intermediate. The other mechanism represents
a different type of biosynthesis, where the lipid component forms
the nucleotide intermediate. Thus in the formation phosphatidylino-
sitol, cytidine triphosphate reacts with phosphatidic acid and the
resulting cytidine diphosphate diglyceride undergoes the so called
inositololysis. The cytidylyltransferases involved in fthe formation of
lecithin and cephalin, are widely distributed in mature. The one
responsible for phosphorylcholine activation is easily separable from
the other. This can be achieved by gel filtration of cytidylyltransferases
on Sephadex 'G-200. The molecular weights calculated from the elution
volumes of phosphorylcholine cytidylyltransferase and phosphoryletha-
nolamine cytidylyltransferase are 130.000 and 40.000 respectively. (Choj-
nacki, Radominska-Pyrek, Korzybski, 1967). In our laboratory the
enzyme synthetizing cytidine diphosphate ethanolamine has been
studied more extensively. In more elaborate separations on Sephadex
G-200 two discrete peaks of enzyme activity were observed in all
studied tissues. (Radominska-Pyrek, 1969). There were found peculiar
differences in the pH optimum of the enzyme synthetizing cytidine
diphosphate ethanolamine with respect of the tissue; thus pH optimum
of the brain enzyme is about 7'8, the other tissues exhibit two
pH optima one at pH 7'8 and the second one at 6-2.
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Besides its function in the formation of ethanolamine phospholipids
cytidine diphosphate ethanolamine is finvolved in ithe biosynthesis of
non-lipid phosphodiesters in tissue of some species. In ‘this process
cytidine diphosphate ethanolamine passes its [phosphorylethanolamine
moiety onto L-serine to form serine ethanolamine phosphate. This type
of diesters is known to be present only in fishes, reptiles, amphibians
and birds. Its biosynthesis was first elucidated in chicken tissues.
(Rosenberg H., Ennor A., Sugai S., 1964). This step closely ressembles
the last stage in the formation of some phospholipids.

The specificity iof the two stages of the cytidine pathways of the
formation of phospholipids was studied some years ago mainly in
our Institute and in the Department of Experimental Neuropharmaco-
logy, Medical School, Bvinm'i!ngha-m, (Chojnacki, Ansell, 1967). From
these studies a general conclusion was drawn, that only cytidine
diphosphate choline and cytidine diphosphate ethanolamine could be
formed in animal tissues. No other phosphorylated base could react
with cytidine triphosphate. However the second step of the formation
of phospholipids, i.e. the transfer of phosphorylated base from the
cytidine coenzymes into the lipid acceptor when studied with the use of
chemically synthetized analogues of cytidine diphosphates ethanolamine
exhibited an almost complete lack of specificity. Thus only the first
step of phospholipid biosynthesis is specific, and the second one is
unspecific. We have tried to obtain some insight into the biosynthesis
of other phosphodiesters whether this was a general rule in the path-
ways (nvolving cytidine intermediates. The experiments were made
in co-operation with Dr Allen of the Medical School in Canberra.
(Table 1). It clearly showed ‘that ithe analogues of cytidine diphosphate

Table 1. Incorporation of 32P from CMP-32P-bases into phosphodiesters and phospholipids
in the chicken gut microsomes

Water soluble phosphodiesters Phospholipids
Substrate used
il counts/min. my.moles counts/min. et
mg/prot/hr mg/prot/hr
CMP — 32PE 8650 262 11-:092 332
CMP — 22PGE 36 001 17-515 36
CMP — 32P-APr 160 006 1044 040
CMP — 32PAiPr 690 024 4-280 131

ethanolamine are well acceptable in 'the phospholipid synthetizing
system. While the yield from cytidine diphosphate ethanolamine was
323 mumoles per mg of protein per hour, the one from cytidine disphos-
phate guinidinoethanol was 3:60 mumoles, from one of the cytidine
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diphosphate propanolamine — 1-:31 mumoles. The same analogues of
cytidine diphosphate ethanolamine did not function in the synthesis of
water soluble diesters. While the transfer of phosphorylethanolamine
was 262 mumoles per mg of protein per hour the transfer of others -
was only negligible. It seems therefore that in the bisynthesis of serine
ethanolamine phosphate in chicken tissues both enzymic steps are
specific.

In the second step of the biosynthesis of phospholipids the lack of spe-
cificity was observed in case of about twenty of analogues of cytidine
diphosphate ethanolamine containing other related aminoalcohols
instead of ethanolamine. We have tried recently to obtain a com-
pletely different phosphatidyl derivative containing sugar instead of
ethanolamine using cytidine diphosphate glucose and the phospholipid
synthetizing system from rat liver. Cytidine diphosphate glucose is
a physiological compound in several microorganisms and it was
obtained in the 32P-labelled form for our studies by using the enzyme
from S. typhimurium. (Chojnacki, Sawicka, Korzybski, 1968). The
enzyme synthetizing cytidine diphosphate glucose was isolated from
bacteria on Sephadex G-200 column. The compound was ‘then prepared
starting from glucose-1-32P-phosphate and cytidine trophosphate.
It behaved as expected on mild acid hydrolysis. The test performed
with the phospholipid synthetizing system of rat liver did not show
the formation of labelled phospholipid from 32P-cytidine disphosphate
glucose. It should therefore be concluded that the previously described
unspecificity of the system is restricted to phosphorylaminoalcohols.

A. Radominska-Pyrek, T. Chojnacki, T. Korzybski

BADANIA NAD BIOSYNTEZA FOSFOLIPIDOW
I INNYCH FOSFODWUESTROW DROGA MECHANIZMU CYTYDYNOWEGO

Streszczenie

Uprzednie badania mad swoisto$cig mechanizmu cytydynowego w tworzeniu
glownych fosfolipidaw tkankowych wykazaly jego bardzo miski stopien dyskry-
minacji dla szeregu analogéw cytydynodwufosfocholiny oraz cytydynodwufosfo-
etanolaminy. Jedynym analogiem tego typu, nie bedgcym Zrédiem estrow fosfo-
ranowych byla cytydynodwufosfoglikoza. Czynno$§é analogéw koenzymoéw cytydy-
nowych w tworzeniu dwuestré6w fosforanowych poré6wnano w systemie syntetyzu-
jacym fosfolipidy i L-serynoetanoloaminofosforany w mikrosomach jelita kurcze-
cia. System syntetyzujgcy L-serynoetanoloaminofosforany uwazamy za bardziej
swoisty.
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A. Papommubcka-IIbipek, T. Xonnankm, T. Kopxkuberm

BUOCHUHTE3 LMTUANHOBBEIM MEXAHU3MOM ®OCDOJUITNIOB
U IPYTUX POCOOAUICTPOB

CoxgepxXaHue

IIpekHMEe MCCAEZOBAHMA HAJ CHEMMUYHOCTBI0 IMTUAMHOBOIO MeXaHu3Ma B CUH-
Te3e INIaBHBIX TKaHeBbIX (DocoNMmImMAoB IoKas3anay HU3KYI CTENeHb AVMCKPUMMHALIUN
9TOr0 MeXaHM3Ma B OTHOLIEHMM K HEKOTOPbIM aHajoraM LMTUAMH-AMndocdoxXoamnHa
¥ 3TAHOJI0AMMHA.

EfVHCTBEHHBIM aHAJOTOM STOTO TUIIA HE ABUBLUMMCHA JOHOPOM (hocdoamscToB b1
IMTUANH-11ocOoraioKo3. Polb aHAJIOrOB LMTHMAMHOBBIX KOMEPMEHTOB B CHUHTE3e
ouacTpoB  occhaToB TIpoBegeHa Ha CUCTeMe CHMHTe3upyolein docdommunmasl
n L-cepuH-3TnnoammHodocdarbkl B MMKpPOCOMaxX KMIIEYHMKa UbMIEéHKa. Cucrema
cuETe3upylom@as L-cepuH-9TaHoNaMuHOMoOcdaTkl HaiijeHa aBTOpBMu 6GoJsiee creri-
UYIHOM.
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L. S. CHERKASOVA, A. T. PYKULEV, L. L. DOVGALEVICH,
L. S. YAKUBOVICH

GLUTAMIC ACID METABOLISM IN THE WHITE
AND GREY MATTER OF THE BRAIN UNDER NORMAL
CONDITIONS AND UNDER THE INFLUENCE OF CERTAIN
FACTORS

Byelorussian V. I. Lenin State University and Institute of Physiology,
Academy of Sciences. USSR Minsk

As a result of research carried out in recent years a high metabolic
activity of glutamic acid (GA) in the brain tissue and also its close
relation to the metabolism of aspartic acid (AA) and gamma-amino-
-butiric acid (GABA) have been established, so have the inclusion of
GA through the processes of transamination and oxidative desamination
in the citric acid cycle (CAC) and in the processes of binding of
ammonium, and other substances (1, 2, 3, 4, 5, 6, 7) *. It is well known
that the metabolic reaction of the organism to various factors of the
environment is determined by the functional state of the neural-endo-
crine system and particularly by ‘the hypothalamo-hypophyseo-adrenal
system.

In our previous investigations it was shown that the levels of free
and bound GA, AA and GABA in homogenates and subcellular frac-
tions of the brain are altered by whole body X-ray or neutron irradia-
tion with relatively small doses. This is accompanied by changes in
the activity of such key enzymes of amino-acid metabolism as alanine-
and aspartate-aminonitransferase (AIT, AsT; 2.6.11, and 2.6.1.2) (8, 9).

Taking into consideration all the data obtained in this Laboratory
which point to the fact of an increase in the corticosterone content
in the blood outflowing from the adrenals of rat irradiated with the
same dose (10), and bearing in mind all that is known about the role
of the hypophyseo-adrenal system as an intermediate of various in-
fluences, we wundertook dinvestigations on the dependence of the
metabolism of ‘the above mentioned amino acids and the activity of

* Exceptionally in this paper the references are quoted in the numerical order.
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AIT and AsT in various parts of the brain tissue at the corticosteroid
level in the organism.

Experiments were carried out with adult Wistar rats of a hetero-
zygotic strain which were kept on a standard diet. With the aid of
differential centrifugation we obtained a subfraction of mitochondria,
containing myelin and a supermatant fraction (hyaloplasm -+ micro-
somes) (from 0:25 M sucrose prepared on Tris-bufer pH 7'4). Experi-
ments were made with intact animals subjected to surgical adrenalec-
tomy and adrenalectomized rats which after ithe surgery received
during a period of 4 days cortisol in doses of 2 mg per 100 gr body
weight or adrenalin in doses of 2 mgr per 100 gr of body weight and
cortisol and adrenalin simultaneously. Moreover experiments were
carried out to study the dependence of glutamic acid metabolism on
various stress factors, in animals subjected to false adrenalectomy, or
intact and also adrenalectomized animals, 24 hrs after X-rays irradia-
tion in a dose of 40 R.
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Fig. 1. Content of free (empty column) and bound (striped column) GA (A),

AA (B) and GABA (C) in the grey matter; 1 — intact, 2 — false adrenalectomy,

3 — adrenalectomy, 4 — adrenalectomy + glucocorticoid, 5 — adrenalectomy -+
+ adrenalin, 6 — X-ray irradiation, 3% — statistically proved.
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The results obtained in studying the changes in the content of free

and bound GA, AA, and GABA in ‘the grey and white matter
expressed as MkM/g of tissue are presented in Figs 1, 2. As seen the
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Fig. 2. Content of free and bound GA, AA, GABA in the white matter.

Legend as in Fig. 1.
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amounts of free and bound glutamic and aspartic acids, and GABA
are practically unchanged in the grey and white matter in cases with
false adrenalectomy, whereas there was substantial decrease on the
sixth day after adrenalectomy when the corticosteroid level in the
organism was at its minimum. In these figures statistically superrated
data are represented by dots. Compensatory administration of cortisol
to adrenalectomized animals reestablishes the levels of free and bound
forms of aspartic acid in the grey and white matter of the brain, at
the same time the glutamic acid level and that of GABA ds altered.
There is an fincrease of free and bound GABA in the white and grey
matter, and a decrease of GA in 'the grey matter. Introduction of
adrenalin alone cannot compensate the resulting changes. Exposure of
intact animals to X-rays produces in the grey matter increase of bound
forms of all the three acids whereas their level in the white matter
remains unaltered. Irradiation of adrenolectomized animals causes
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various changes in the grey matter and has no effect on the AA anc
GABA content in the white matter.

The results of the changes in AIT and AsT activity in homogenate:
and subcellular organelles are presented in Fig. 3—6. For the sake

120
80

0 |

120
80

10

7
W

B ST T T R T

Fig. 3. AIT (I) and AsT (II) activity in homogenates of grey (striped column

and white (empty column) matter of brain as percentage of the control values

1 — false adrenalectomy, 2 — adrenalectomy, 3 — adrenalectomy -+ glucocorticoid

4 — adrenalectomy + adrenmalin, 5 — adrenalectomy -+ glucocorticoid + adrenalin

6 — adrenalectomy + X-ray irradiation, 7 — X-ray irradiation, 3§ — statisticall;
proved.
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Fig. 4. AIT and AsT activity in mitochondria of grey and white matter of brai:
as percentage of the control values. Legend as in Fig. 3.
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of a more convenient comparison of the results of different series,
the data in this figure are given as percentage of the control values.

The activity of AlT and AsT is considerably changed under the given
experimental conditions. In homogenates from the grey matter of
adrenalectomized ‘animals (Fig. 3) there is a statistically proved
increase in AIT activity, whereas in mitochondria (Fig. 4) and super-
natant (Fig. 6) these changes are mot supported statistically. Introduc-
tion of cortisol into adrenalectomized animals compensates the resulting
changes, at the same time administration of adrenalin with cortisol
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Fig. 5. AIT and AsT activity in mitochondria of the grey and white matter of
brain exposed to detergent as percentage of the control values. Legend as in Fig. 3.
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Fig. 6. AlT and AsT activity in supernatant (hyaloplasma -+ microsomes) of
grey and white matter of brain as percentage of the control values. Legends 3s
in Fig. 3.
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does not bring normalisation and there is a sharp decrease of Al
activity in the homogenates from the grey matter. On investigatio:
of the activity of this enzyme in mitochondria and supernatant w
found mo such effects. The AIT activity in homogenates and mito
chondria from the white matter is unstable, but statistically supporte
changes are found only for homogenate and supernatant.

The activity of AsT depends to a somewhat greater extent on th
glucocorticosteroid level in the organism than the activity of AIlT
Adrenalectomy results in a ‘decrease of AsT activity in the homogenate
from the grey matter, in supernatant and in mitochondria exposed t
digitonin as detergent (Fig. 5). Introduction of cortisol alone o
adrenalin alone does mot bring about normalisation in 'the activity o
the enzyme in the homogenate and only the simultaneous administra
tion of both hormones reestablishes the initial levels of these activitie
in the homogenate, and individual subcellular fractions. In mitochondri
exposed to the detergent the AsT activity decreases.

X-ray irradiation of intact animals results in an increase of th
cortisol level in the outflowing adrenal blood without change of th
AsT activity, whereas in adrenalectomized lanimals exposed ito X-ray
this effect can' be demonstrated for the mitochondria and supernatan
In the white matter changes in the AsT activity of 'the homogenate
and subcellular fractions closely similar to those in the grey matte
should be noted.

The foregoing considerations point to the dependence of glutami
acid metabolism and closely related AA and GABA metabolism in th
grey and white matter of the brain, and also the AIT activity at th
corticosteroid level in the organism, on the state of the hypophysec
-adrenal system which doubtlessly influences the functional level c
the activity of the central nervous system.

L. S. Czerkasova et al.

METABOLIZM KWASU GLUTAMINOWEGO W ISTOCIE SZAREJ MOZG
W WARUNKACH PRAWIDEOWYCH I POD WPLYWEM NIEKTORYCH
CZYNNIKOW"

Streszczenie

Przedstawia sie wyniki badan nad zmiang zawartoSci wolnego i zwigzaneg
kwasu glutaminowego, asparaginowego i gamma-aminomastowego w szarej i biz
lej istocie mézgu oraz nad aktywnoS$cia aminotransferaz alaminy i asparagir
w homogenatach i strukturach subkomérkowych biatej i szarej istoty mozg
“u biatych szezuréw.
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Badano zwierzeta poddane chirurgicznej adrenalektomii, ktérym od drugiego
dnia po zabiegu w ciggu 4 idni podawano kortizon (2 mig/100 g wagi ciata), adre-
naline (2 mikrogramy/100 g wagi ciala) oraz adrenaline i kortizon réwnoczesSnie,
nastepnie w celu wykrycia wplywu czynnikéw stresowych badano zwierzeta
poddane adrenalektomii w 24 godziny po napromienieniu rentgenowskim dawkg
40 r oraz poddane pseudo-adrenalektomii i nieoperowane.

Na 6 dzien po adrenalektomii mastepuje istotny spadek zawarto$ci wspomnia-
nych aminokwaséw w szarej i bialej istocie moézgu (ryc. 1, 2). Kompensacyjne
podanie kortizonu zwierzetom po adrenalektomii przywraca poziom mwolnego
i zwigzanego kwasu asparaginowego. Rentgenowskie napromienienie mnieoperowa-
nych zwierzgt prowadzi do nagromadzenia w istocie szarej moézgu form zwigza-
nych wszystkich trzech aminokwaséw, przy ich miezmienionym poziomie w (sto-
cie biatej. Napromienienie zwierzagt poddanych adrenalektomii prowadzi do zmian
o innym charakterze. W homogenatach istoty szarej moézgu zwierzat poddanych
adrenalektomii wzrasta aktywno§é amino-transferazy alaninowej oraz spada
aktywno§é amino-transferazy asparaginowej. Spadek aktywnos$ci amino-transfe-
razy asparaginowej spotrzegamy w madsgczu i w mitochondriach (ryc. 3, 4, 6).

Podanie kortizonu lub adrenaliny mnie prowadzi do mnormalizacji aktywnosci
enzymoéw w homogenacie istoty szarej mézgu i tylko réwnoczesne podanie iobu
hormondéw przywraca wyjsciowy poziom aktywnos$ci amino-transferazy asparagi-
nowej w homogenacie i poszczegolnych frakcjach subkomoérkowych (ryc. 3,4,5,6).

Zmiana aktywnoéci amino-transferaz alaninowej i asparaginowej nastepuje
zawsze po napromienieniu zwierzat nieoperowanych jak i adrenalektomizowanych.

Przytoczone dane $wiadczg o zalezno$ci metabolizmu kwasu glutaminowego,
asparaginowego oraz gamma-amino maslowego w szarej i biatej istocie mozgu,
a takze aktywno$ci amino-transferaz alaninowej i asparaginowej od poziomu korty-
kosterydéw w organizmie, a przez to i od stanu ukladu przysadkowo-nadnerczo-
wego, co znajduje bezwzglednie swdj wyraz ma poziomie aktywnosci czynnoscio-
wej centralnego ukladu nerwowego,

JI. C. YepkacoBa, A. T. IIeikyaes, V1. V1. Josraaesud, JI. C. fAKyGoBu4

OBMEH TJIYTAMMHOBOM KMCJIOTBEI B BEJIOM ¥ CEPOM BEIIECTBE
TOJOBHOI'O MO3TA IIPY1 HOPMAJBHBIX YCJIOBUSAX ¥ BO3AEMCTBUN
HEKOTOPBIX ®AKTOPOB

ConepxaHue

IIpuBOAATCA pe3yNbTaThl MCCIEAOBAHMI IO M3YYEHMIO WM3MEHEHMil CcoAepKaHud
cBOOOAHBIX M CBA3aHHBLIX rIoramMuHoBoil (IK), acmaparmHoBoit (AK) m ramma-aMmMHO-
macaaHHoi Kucnorel (TAMK) B cepom m 6esioM BelllecTBe TOJIOBHOTO MO3ra M aKTUB-=
HOCTM aJlJaHMH M acmaprar-ammHorpaHcdepas (AJIT; 2.6.1.2. KP) B romoreHarax
U CcyOKJIeTOYHBIX OpraHesyax Gejoro u ceporo BellecTBa Mo3ra OenbIX KpbIC NOA-
BEPrHYTBIX XMPYPIUYECKO! aJpeHaJsKTOMMUM, aAPeHAJIKTOMMPOBAHHBIX KPbIC, KOTO-
PBIM CO BTOPOrO JHA IIOCJE€ Omepanuy B TeYeHMu 4-X JHE! BBOAMIM KOPTHU30J
(2 Mr/100 r Beca), aapeHanuH (2 mgr/100 r) m agpeHaJIMH M KOPTU30J OJHOBPEMEHHO,
" 1A BBIABJIEHMA BO3JEMCTBUA CTPECCOPHBIX (PAKTOPOB y JKMBOTHBIX ITOABEPTHYTBIX
JIOZKHOM aJIpeHaJI9KTOMMM, MHTAKTHBIX ¥ aJAPEeHaJ9KTOMMPOBAHHBIX JKVMBOTHBIX uepe3
CyTKM IIOCJIe PEeHTIreHOBCKOro obaydenmsa B no3e 40 p.
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Ha 6 cyTkm mocjae afpeHaJsKTOMMM HACTymaeT CYI[eCTBEHHOe CHMIKEHME COofep:
JKaHMA yYKas3aHHbIX aMMHOKMCJIOT B cepoM u OenoMm BemjectBe Mo3sra (puc. 1, 2)
KoMmneHcaToOpHOe BBEeJEeHME KOPTH30Jia aipPeHaJSKTOMMPOBAHHBIM JKMBOTHBIM BOCTA:
HaBJIMBaeT ypoBeHb cBOOO{HOM M cBA3aHHOM AK.

PenrreHoBoe 06sydeHMe MHTAKTHBIX JXKMBOTHBIX ITPMBOJAUT K HAKOINJIEHMIO B CEPOM
BellleCTBE MO3ra CBA3aHHBIX (POPM BCeX TpPeX KMCJIOT, NPM HEUM3MEHHOM YPOBHE U3
B Gesmom. O6GiyyeHne afpeHaJSKTOMMPOBAHHBIX KMBOTHBIX BBI3bIBAeT MHOM XapaKTef
V3MEeHEeHMI.

B romoreHaTax ceporo BelecTBa MO3ra aJpPeHaJI9KTOMMPOBAHHBIX >XMBOTHBIX YBe-
anuyBaerca akTMBHOCTE AJIT u cHuzxaercs ak™usBHOCTE ACT, aktTmBHOCTE ACT cHu-
JKaeTcAd B HAAOCANOYHOM RKMIAKOCTM M MUTOXOHApPMAX (puc. 3, 4, 6).

BBezeHne KOpTU30Ja MM aJipeHaJyMHa He NPUBOAUT K HOPMaJAM3aluy aKTUBHOCTY
dhepMeHTOB B roMOreHaTe CEpPOro BEILeCTBA MO3ra ¥ TOJBKO ONHOBPEMEHHOE BBEJEeHVIC
ABYX TOPMOHOB BOCTAaHaBJIMBAeT MCXOAHBLIM ypoBeHb aKTMBHOCTM ACT B roMmoreHare
M OTZAEJBHBIX CyORJIETOYHBIX (bparumax (puc. 3, 4, 5, 6). 3aKOHOMEpPHOE M3MEHEHIIE
agkTuBHOC™ AJIT m ACT mHacrtymaer mocie oOaydyeHMs MHTAKTHBIX M aJPEHaJ9KTO-
MMPOBaHHBIX JKVBOTHBIX.

YKazaHHOE CBUAETENLCTBYeT O 3aBucumocTy obomeHa I'K u cBA3aHHBIX ¢ Heit AK
u TAMK B ceppgom u Genom BeljecTBe Mo3ra, a takzxe akTMBHOCTHM AJIT m ACT o1
YPOBHA KOPTMKOCTEPOUAOB B OPraHmM3Me a CJIef0BaTEeJNbHO, M COCTOAHUA TIMIIODNU3-
-aZlpeHaJIOBOM CcHUCTeMbl, 4TO 0e3ycJOBHO HaXOAuUT CBOE OTpazxkKeHyue Ha YPOBHE
(byHRUMOHANBHON aKTUBHOCTM LEHTPAJbHOM HEPBHOM CHUCTEMBIL
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1. A. SYTINSKY

THE GAMMA-AMINOBUTYRIC ACID (GABA) SYSTEM
OF THE CEREBRAL WHITE MATTER AND OF BRAIN TUMOURS

Laboratory of Biochemistry of the Nervous System, Leningrad University, USSR

The discovery that GABA has an fnhibitory effect on the mervous
system of mammals has given rise to numerous experiments aiming
at determination of its functional role. It is assumed that GABA is
an inhibitory transmitter affecting the activity of nervous and synaptic
transmission (Krnjevie, Schwartz 1967, Obata et al. 1967, Otsuka et al.
1967, Sytinsky 1968). The role of the neuroglia in the regulation of
physiological activity in the brain and its participation in the meta-
bolism of GABA is little known. Data on the distribution of GABA
and the enzymes of its metabolism (glutamate-decarboxylase (GAD)
and GABA-transaminase-gamaketoglutaric acid (GABA-T) in the human
brain matter and brain tumours are insufficient (Awapara et al. 1950,
Okumura et al. 1958, Fukai 1959, Iunoue 1959, Hirosuke 1960. Waks-
man, Faienza 1960, Jinnai, Mori 1960, Muller, Langeman 1962, Wolle-
mann, Devenyl 1963, Sytinsky et al. 1965, 1968, Berezov 1966, Pro-
myslov, Andreeva 1966, Sheridan et al. 1967).

The purpose of the present investigation was to study the content
of components of the GABA system of the white matter of human
brain, of gliomas consisting only of glial cells and of human brain
tumours of other types.

METHODS

GABA was quantitatively determined by paper chromatographic
analysis in the butanol-acetic acid-water (4:1:5, v/v) system. All spectro-
photometric readings were made with model SF-4A spectrophotometr
at 512 mp. GAD and GABA-T activity were determined according to
the amount of the final products of enzymatic reaction. Samples were
incubated in closed wubes for 30 min. at 37° in anaerobic conditions (IN5)
(Sytinsky, Priyatkina 1966). A part of each tumour or each sample of

Neuropat. Pol. 3 11
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brain tissue was examined histologically (Tchaika, Laboratory of
Pathoanatomy, A. L. Polenov Institute of Neurosurgery, Leningrad).

RESULTS AND DISCUSSION

The data of the components of the GABA system in the human
brain are shown in Table 1. It was found earlier that postmontem
changes in the brain tissue are followed by an increase of GABA
content (Avenirova et al. 1966) only during fthe first 2-—3 minutes.

Table 1. Gamma-aminobutyric acid system of the cerebral grey and white matter of human brain

GABA GAD activity GABA-T activity
mg/100 g fresh wt M GABA/g/hr M GA/g/hr

Cortex :

Frontal white 73404 20409 83424
Frontal grey 19:54-1-2 61428 250430
Temporal white 32402 17406 7:5+1°5
Temporal grey 20:0+0'75 57417 241427
Occipital white 7:0+10 24406 102+09
Occipital grey 12:3407 88430 26'0+1-7
Pons 10018 09404 —
Corpus callosum 70407 - 68+13
Dura matter 22401 — -

Pia matter with arachnoidea traces — —

Mean + S.E.M. for 5 samples; GA = glutamic. acid.

Thus analysis of autopsy material with some errors and standardiza-
tion of the preparation time of the brain samples may supply compa-
rable data with those concerning GABA content in the brain in patho-
logical processes of the central nervous system. In the grey matter The
GABA content from all parts of human brain examined and the activity
of the enzymes involved in its metabolism are 2—3 times higher than
in white matter.

The low GABA content in the pia of the human brain should be
stressed. Amalysis of ithe data of the GABA system components in
tumour tissue of human brain shows that their content is very low
(Table 2). It is possible, however, that the GABA level and ithe activity
of enzymes involved in its metabolism are approximately two times
higher in neuroectodermal tumours than in meningovascular growths.
The GABA content decreases in both kinds of human brain tumorus in
conformity with the degree of tumour tissue cataplasia. GAD activities
are not found in malignant tumour samples.
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Table 2. Gamma-aminobutyric acid system of human brain tumours.
GABA
mg/100 g GAD activity GABA-T activity. ,
ol ‘et M GABA/g/hr M GA/g/hr
Arachnoendothelioma (non-ma- traces —2'0 0'1—025 02—042
lignant tumors) (10) (10) ©)
Arachnoendotheliosarcoma traces no detectable traces —03
@) activity 5)
)
Glioma-astrocytoma (non-ma- traces —4'2 0'1—04 1°7—29
lignant tumors) 8) ®) 6)
Glioma-astrocytoma (malignant- traces no detectable traces —0'4
-tumors) (5) activity “)
©)

Number of investigations in parenthesis

The GABA-T activity in the tissue of multiform spongioblastoma
however, was approximately 3 uMGA per g per hour. The anaplasia
and differentiation process influence mo doubt the metabolism of glial
cells. The complete disappearance of even GABA traces can be explained
by being used up in the processes of the energy consumption in tumour
cells metabolism. Exact data concerning the distribution of the GABA

system components between neurons and glial cells are not available
as yet.

In neuron degeneration and glial expansion of the cat’s medial geni-
culate body GABA content was changed slightly (Utley 1963). In
conformity with the foregoing statement GABA is apparently distri-
buted equally between nerouns and glia. However, in the studies of
Ruscak et al. (1967) the drop of GABA level in rat brain cortex during
necrobiotic processes in meurons and their substitution with reactive
astroglia was observed. The morphological wvariety of glial cells
corresponds to their neurochemical character.

The protoplasmatic actrocytes poor in mitochondria may be expected
to have a high GAD activity and higher GABA level. Other glial cells
(oligodendroglia) immediately surrounding the neurons bodies and nerve
endings are relatively rich in mitochondria; the fractions of which are
characterized by GABA-T activity.

Apparently as a result of this the neuroglial cells are able to remove
and inactivate the products of GABA metabolism in neurons, thus
forming a nervous system functional unit with neurons and not taking
part directly in the synaptic transmission.
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SYSTEM KWASU GAMMA-AMINOMASEOWEGO (GABA) ISTOTY BIALEJ
MOZGU I GUZOW MOZGOWYCH

Streszczenie

Niniejsze badania podjeto w celu okre$lenia zawarto$ci skltadnikéow systemu
GABA w istocie biatej moézgu czlowieka, jak rowniez glejakow skladajacych sie
wylgcznie z komorek glejowych oraz w innych guzach modzgu czlowieka.

GABA badano ilo§ciowo za pomocg metody chromatografii bibulowej. Aktyw-
no$ci dekarboksylazy glutaminowej oraz transaminazy alfaketoglutarowej GABA
okres$lono w odniesieniu do produktu konicowego reakcji enzymatycznej.

WM. CuruHCKMIA

CHCTEMA TAMMA - AMMHOMACJAHHON KMUCJOTEL (TABA) BEJIOTO
BEIIECTBA TOJOBHOI'O MO3TA M MO3TOBBIX OIIYXOJEN

ConxzepxaHue

Hacrosdime ucciIeq0BaHUA NPEANPUHATHI LeJbI0 ONpefiesIeHnsa cocTaBa KOMIIOHEH-
ToB cucremsl TABA B 6esioM MO3roBOM BellleCTBE YeJIOBEKa KakK M IJIMOM COCTOAILIMX
VICKJIIOYUTEJIBbHO U3 IAMANbHBIX KJIETOK M B APYIMX ONYyXOJAX TOJIOBHOIO MO3ra.

TABA onpejesensay KOJMYECTBEHHO IIPM IIOMOLIM MeToja Xpomarorpacdmm na
¢bunpTpoBanbHOt Gymare. AKTMBHOCTM (DEpPMEHTOB: INIIOTaMaT-JleKapOoKCcuMiIa3bl
¥ anbda-KeToraiTapoBoil TpancammuHasbl TABA omnpefesan B OTHOLUEHMM K OKOH-
YaTeJbLHOMY HNPOAYKTY CH3MMATUMYECKO! Deakiuu.
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M. E. KAKULIA, G. C. VATSADZE

INVESTIGATION ON THE MACROMOLECULAR STRUCTURE
OF BRAIN DNA IN IRRADIATED ANIMALS

Institute of Physiology, Georgian Academy of Sciences, Tbilisi, USSR

In radiobiological literature the opinion is generally held that
exposure 'to ionizing radiation of active mitatic and sensitive tissues
results in degradation of DNA mot directly through the action on its
molecule but by means of DNA-ase liberated from the injured cells.
The enzyme is liberated from subcellular structures already within
three hours. The process is particularly rapid during the first 28—
48 hrs after irradiation.

In regard to the differences in radioresistance of tissues, one of the
current problems of modern radiobiology seems to be the question
why these tissues, though injured by radiation, regenerate from local
ionizing effects, and what distinguishes them from radiosensitive tissues.

Studies confirming the destructive effect of radiation on brain DNA
of adult animals are scarse and samples of DNA in the experiments
carried out were usually collected very late, several hours after irradia-
tion (Caster, 1958).

We investigated the structural changes in macromolecular DNA
obtained from the brain of adult animals immediately after irradiation.

Tonizing radiation can cause damage of the polynucleotide chain of
DNA and makes it more liable to enzymatic degradation. To check
this hypothesis we examined the kinetics of enzymatic splitting of brain
DNA by acid DNA-ase.

Rabbits were once irradiated with X-rays in 700 R. dose. In order to
exclude the possibility of an increase in DNA-ase activity, decapitation
was carried out not later than 10 min. after irradiation.

Splitting of DNA by means of acid DNA-ase was followed spectro-
photometrically in ultraviolet light by determination of the byproducts
of enzymatic degradation (Schneider W. C., Hogeboom G. H., 1955).
As substrate highly polymerized DNA was used, prepared by the
method of Gulland in Schapot’s modification (Schapot W. S., 1950).
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As a source of enzyme 5% spleen homogenate or 10% brain homogenate
was used. To obtain a relatively high quantity of DNA, it was extracted
from the whole brain. In order to obtain the possibly best model of the
processes taking place in the living organism DNA and DNA-ase from
the same organ were used.
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Fig. 1. Splitting of the brain DNA with the brain acid DNA-ase. I — DNA of the
control animal, 2 — DNA of the irradiated animal. Each point represents the

mean value of a series of experiments.

The curves of enzymatic splitting of DNA colleated from irradiated
brains and of those from control animals did not differ from each other.

It is possible that radiation damage of the brain DNA in these
experiments could mot be demonstrated because brain DNA-se as
known from literature, is active only against single-stranded DNA
(Marmur J., Rownd R., Schild Kraut C., 1963), 'therefore we performed
experiments in which against brain DNA much more active DNA-ase
from the spleeen was used.
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Fig. 2. Splitting of the brain DNA of the irradiated animal with acid DNA-ase

of spleen. 1 — DNA of the control animal, 2 — DNA of the irradiated amimal.

Each point represents the mean value of a series of experiments. Deviations are
statistically reliable.
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Enzymatic hydrolysis of brain DNA from irradiated animals by
means of spleen DNA-ase runs faster in the initial phase of the reac-
tion as compared with that in controls. This can be explained by the
fact that there is summation of the damage to the phosphoester bonds
produced by the irradiation and the action of enzyme.

On the basis of the above mentioned data it may be presumed, that
brain DNA is also damaged by irradiation, but in radioresistant brain
tissue there are conditions for recovery of the DNA structure. In radio-
labile organs, under the influence of activated DNA-ases, the process
of decay of DNA is intensified.

The changes of the macromolecular structure of DNA in irradiated

animals were established spectrophotometrically on the basis of studies
of heat denaturation.

In one part of the experiments the head of the animal was irradiated
with an X-ray dose of 9000 R, in the other part — wholebody irradia-
tion was applied in the range from 50 to 9000 R. The brain was
collected at different time intervals after irradiation: 2, 10, 30, 90 min.
from 3 to 19 hrs and up to 1'5 month.

It is known that brain is a very heterogeneous organ fin its cellular
structure. Glial elements are for instance 10 times more common in
it than neurons. While capillary vessels are more frequent in grey
matter than in white matter; the glia is distributed rather pro-
portionally in both substances.

The wstudy of relative radiosensitivity of such cells, as mneuron,
several types of glial cells, the endothelium of capillary vessels within
organs of the animal organism is extremely difficult. We therefore
limited our work to separate samples of grey and white matter. It is
known that the interneuronal space in grey matter is filled with all
types of glia, while in white matter there are only oligodendrocytes
and fibrillary astrocytes. Oligodendroglia does not contact vessels and
has the closest connections with nerve fibers. It was ascertained by
means of the electron microscope that the oligodendroglia fis ‘the place
of myelin formation. Astrocytes are involved in maintaining ion con-
centration and osmatic pressure in the CNS and especially in the active
transport of potassium and sodium fons.

In investigations on heat denaturation of DNA and DNP of white
and grey matter of the brain it was shown that besides the splitting
of phosphoester bonds in DNA, taken from the brain of irradiated
animals — the profile of molecular melting is changed even upon
irradiation with small doses (100 R).
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Fig. 3. Thermal denaturation of DNP 10 minutes after total irradiation at the
dose of 150 R. 1 — DNP of grey matter, 2 — DNP of white matter, 3 — DNA
of the control animal, 4 —DNP of the control animal.

Melting of DNA starts in irradiated animals at 45°—50°C instead
of 77°C as in the control materials. It is known that, normal nonirradiat-
ed DNP begins to disintegrate at a temperature by 14°C higher than
does nonirradiated DNA. Irradiated DNP and DNA start to melt at
the same temperature. In irradiated animals the differences in melting
of DNA of white and grey matter are not significant, however the
changes in the melting profile of DNP are much more distinct — DNP
of grey matter suffers more from radiation as compared with that of
white matter.

This may perhaps be explained by the fact that the density of cells
and thus DNA concentration is higher in grey than in white matter.
The higher degree of damage of DNP in grey matter may be also
result of the fact that the neuron in the waking state is constanfly
stimulated there. Lesion of neurons due to ionizing radiation may be
not only primary, but also secondary, owing to damage to the endo-
thelium of capillaries and glial satellites.

The well known fact of relative radioresistance of brain tissue may
be also explained by the special conditions favouring rapid postradia-
tion recovery of cells from damage. It is known that in yeast suspens-
ions through which oxygen is passed recovery from postradiation
damage is very rapid, reaching 60%.
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As the oxygen requirement of tissues is not influenced by radiation,
the reparative systems are also radioresistant as confirmed by our
experiments — reparation was observed in the range of doses of 100—
9000 R.
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Fig. 4. Thermal denaturation of the brain DNA of rabbit during the irradiation

of head at the dose of 9000 R. I — 10 minutes after the irradiation, 2 — 3 hours

after the irradiation, 3 — 24 hours after the irradiation, 4 — 1'5 hours after the

irradiation, 5 — 3 hours after the irradiation, 6 — 5 hours after the irradiation,
7 — DNA of the control animal.
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Fig. 5. Thermal denaturation of DNP and DNA 14 days after the total irradiation
at the dose of 150 R. I — DNP of white matter, 2 — DNP of grey matter, 3 —
DNA of white matter, 4 — DNA of grey maftter.
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As criterium of recovery we took molecular melting profile of DNA
and DNP. In irradiation of the head only, with a dose of 9000 R,
after 1'5 — 5 hrs in 30% of cases almost complete and in the others only
partial, reparation was mnated.

In wholebody irradiation even with small doses we did not observe
complete reparation, only weak recovery after longer time inftervals
was observed in most cases. In whole-body mfadia\bion, reparation of
the macromolecular structure of DNA is perhaps ‘inhibited by the
action of hypophyseo-adrenal hormones. It was found that the effect
of radiation on the DNA macromolecule is not specific and may be
produced also by adrenalin and estrogen.

Reconstruction of the supermolecular structure of DNA and DNF
in wholebody irradiation is more complete in the grey than in the
white matter.

As shown by our results X-ray irradiated DNA and DNP are less
influenced in white than in grey matter, but reparation is more complete
in grey than in white matter.

Better reconstruction of DNA in the grey matter is also supported
by the fact that cell division, is less intensive there, this giving more
time for reparation.

In the grey matter of the brain the volume of the capillary network
is 3—4 that in the white matter. Accordingly the grey matter uses
5 times more oxygen (Thews 1960) than the white one, therefore the
former disposes of more energy for reparation.

The structural changes in DNA of the white matter may well be
related to damage of glial elements and especially. oligodendroglia.
Of course the reactions of glia to damaging agents, such as trauma
temperature changes, chemical agents and radiation are mostly the
same.

Our results may be interesting for a better understanding of the
processes of demyelination and myelination. According to the state-
ment of Galambos (1965) it may be said that demyelination is a disease
of glia. Damaged glial cells can regenerate and cause remyelination
of the axon.

M. E. Kakulia, G. S. Vatsadze

ZMIANA STRUKTURY MAKROMOLEKULARNEJ DNA W MOZGU
NAPROMIENIOWANEGO ZWIERZECIA

Streszczemnie

Praca przedstawia wyniki badan mad makromolekularng strukturg DNA
moézgu zwierzat napromieniowanych promieniami Roentgena. Enzymatyczna hy-
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droliza DNA z mozgu zwierzecia napromieniowanego prowadzona kwasng DNA-z3
ze $ledziony przebiega szybciej w poczatkowym etapie reakcji w poréwnaniu
z DNA z nienapromieniowanego mézgu zwierzecia. Fakt ten jest prawdopodobnie
uwarunkowany sumowaniem uszkodzen fosfoestrowych potgczen wywolanych na-
promieniowaniem i dzialaniem enzymu.

Poza rozerwaniem polgczen fosfoestrowych w DNA ekstrahowanym z moézgu
napromienionych zwierzat, zmieniony jest takze wykres topliwo$ci molekularnej.
Topnienie to rozpoczyna sie¢ od 45—50°C, zamiast 77°C w kontroli. Bandziej po-
gladowo zmiany te sg wyrazone w wykresie topnienia DNP. DNP istoty szarej
moézgu s3 silniej uszkadzane promieniowaniem jonizujagcym wiz DNP dstoty
biatej.

Popromienna regeneracja uszkodzen nastepuje w odwrotnej kolejnoSci: Lepiej
regenerujg DNA i DNP istoty szarej niz bialej. W popromiennej regeneracji
komoérki zasadnicze znaczenie ma zuzycie tlenu i jest ono promienioodporne.
W naszych do$wiadczeniach obserwowaliSmy regeneracje w zakresie dawek 150—
9000 r. Procesy regeneracyjne s3 wyrazniejsze przy lokalnym mnapromienieniu
glowy. Po mnapromienieniu ogoélnym procesowi regeneracji makromolekularnej
DNA prawdopodobnie przeszkadza podwyzszenie aktywno$ci ukladu przysadko-
wio-nadnerczowego.

Zmiane budowy DNA. istoty bialej nalezy odnies¢ prawdopodobnie do elemen-
tow glejowych w szczegélnosci oligodendrogleju. Poniewaz reakcja gleju na
rozliczne czynniki szkodliwe jest jednakowa, otrzymane dane moga przyczynié¢
sie do zrozumienia proceséw demielinizacji i mielinizacji.

M. E. Kakyausa, I'. C. Bauazase

U3MEHEHUE MAKPOMOJIEKYJISAPHOM CTPYKTYPHI JTHK
TOJOBHOTO MOSBrA OBJIYYEHHOTI'O 2KMBOTHOTO

CogepxaHue

B pabore mucciiegoBajach MaKpOMoOJIeKyJApHas cTrpyKrypa JHK rojosHOro mosra
npu obJydeHMM KMBOTHOTO Jydamy PenrreHa. depmeHraTuBHBII ruapoan3 JHK ro-
JIOBHOTO MO3ra O0JIy4eHHOro XMBOTHOro kucioi JHK-a30i1 cene3eHKM IIO CPaBHEHMIO
¢ JHK roJioBHOro mo3ra HeOOJy4eHHOro KMBOTHOI'O, B HAYaJbHOM CTaZuM DPearkumi
npoucxoaut GbicTpee. DToT (haKT NOBMAMMOMY OOYCJIOBJIEH CyMMMPOBAHMEM IIOBPEXK-
nennit pochopHOICTEPHBIX CBA3€H1, BHI3BAHHBLIX O0JydeHMeM M jeicTBueM epMmeHTa.

Kpome paspeiBa @ocdopHOscTrepubix cBasein y JHK, wm3BiaedyeHHOM u3 Mo3ra
00/Iy4eHOro KMBOTHOTO M3MeHeH npoduib MOJIEKYJIAPHOro IaBieHusa. IlnaBieHne
HaumHaerca ¢ 45—50° C, Bmecro 77° C B KOHTpoJsie. Bojee HariaAAHO BbIPAaXKEHbI M3-
MeHeHMs B npoduiie nuaBaeHna NHII: JHII ceporo BeljecTBa GOJbIlle IOBPErRAAETCH
noHn3mMpymouen paamuauuert, yem JHII Oesioro BeljecTsBa, a TOCTPaaAMaLMOHHOE BOC-
CTaHOBJIEHME IIOBPEXAEHU IpoMcxoauT B oOpaTHOM IOpAfKe: JydYllle BOCCTaHaBJIM-
Baerca JHK m JHII ceporo BeiecrBa, yem Oesioro. B mocTpaamanyoOHHOM BOCCTa-
HOBJICHMM KJIETKM OCHOBHOe 3HadeHue umeeT norpebiieHye KMCJIOPOAA, a OHO pagmuo-
pe3ucTeHTHO. B Hammx ombITax B auana3oHe po3 or 150 go 9000 p Habaopanoch
BOCCTAHOBJIEHME.

IIpouecchl BOCCTAHOBJIEHMS JIydllle BbIPAzk€HbI IIPYU JIOKAJbHOM O0JIy4YeHMM TroJIOBBI.
IIpu obiieM o6JIy4eHMM BOCCTAHOBJIECHMIO MaKpPOMOJEKYJAPHONI cTpyKryph! JHK, Hamo
1oJIaraTh, NIPENATCTBYET MOBBLILIEHNE aKTMBHOCTU I'MIIOMMU3apHO-aJPeHaIoBOi CHUCTEMB),
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Vizmenenne cTpyKTypbl JHK G6esoro BemecTBa, MOBUAVMOMY, CJEAYET OTHECT
372 CYeT IIIMAJIbHBIX 9JIEMEHTOB, B YAaCTHOCTH, OoJurojeHaporamu. Tak KakK peakiy
My Ha pPas3ju4Hble BPEJOHOCHBIE areHThl OAMHAKOBA, IMOJyYEeHHbIe JAaHHbIE MOT)
6bITh NpPMBIEYEHbI K IMOHMMAHMIO IIPOIECCOB JAEMMIIMHM3AUMM ¥ MUSIMHU3ALM]
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FUNCTIONAL CHANGES OF THE RNA CONTENT IN CELLULAR
COMPONENTS OF THE SPINAL CORD

Laboratory of Animal Physiology and Biochemistry, Institute of Zoology,
Moldawvian Academy of Sciences, Kishinev, USSR.

The biochemistry of the nervous system both theoretically and prac-
tically is one of the most complicated and at the same time extremely
difficult fields in human and animal biochemistry owing to a number
of morphological and functional peculiarities of ithe mervous system.
First of all the extreme morphological complication of texture, and the
multiplicity and high lability of physiological functions and metabolism
of the nervous system should be noted.

The morphological and biochemical heterogenicity of the nervous
tissue is conditioned in particular by the presence of two main types
of cells — the nerve and glial cells which compose the joint system
of meurons-neuroglia. Until recently main attention was devoted to
examination of the meurons. But the results of recent morphological
(De Robertis, Gerschenfeld, 1961; Luse, 1962; Nakai, 1963; Hagaborn
et al.,, 1963; Alexandrovskaja et. al., 1965) and electrophysiological in-
vestigations (Galambos, 1961; Roitbak, 1963; Svaetichin et al., 1965)
show that meuroglia take pant in the specific function of neurons. The
confrontation of the results of separate studies on the changes in the
metabolism of meurons and of meuroglial cells during changes in the
functional state of the mervous system was of great interest.

Recent data show 'that these changes concern mainly mucleic acid
metabolism and can be demonstrated quantitatively by means of
modern research equipment. For this reason neurobiologists are greatly
interested in the problems of nucleic acids.

Th role of glial cells in ‘the metabolism and functional activity of
the neuron is at present intensively studied (Hydén and Pigon, 1960;
Egyhazi and Hydén, 1961; De Robertis and Genschenfeld, 1961; Galam-
bos, 1961; Hydén, 1961 a, b; Gomirato, 1963; Gdacobini, 1964; Svaeti-
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chin et al., 1965; Pevzner, 1965, 1966; Hydén and Lange, 1966; Pevzner,
Haidarliu, 1967).

It is now evident that RNA is present in nerve fibers (Edstrém, Eich-
ner and Edstrom, 1962; Edstréom, 1964, 1964a). The concentration of
this compound in nerve fibers is, however, relatively low. Owing to
the morphological heterogeneity it is difficult to evaluate the changes
in RNA content in wvarious structures of the mervous system by the
methods widely used in biochemistry. It should be expected that con-
frontation of the results obtained by different methods and characteriz-
ing changes in the metabolism of various tissue elements of a definite
region of the nervous system can in some degree solve this problem.

In the present investigation we used a quantitative cytochemical
method — ultraviolet cytospectrophotometry — to determine the
nucleic acid content in the individual nerve and surrounding glial cell
satellites and tried ito establish the relation between the nucleic acid
content in these cells and the functional state of the nervous system.
The investigation was also undertaken for determining the functional
changes in RNA content in the “process component” (axons and den-
drites, the processes of glial cells) of rat spinal cord by an indirect
way — by confrontation of the results obtained by spectrophotometric
determination of the RNA content in individual merve and glial cells
and those of chemical analysis of small samples from the same tissue
region during changes in ithe functional state of the mervous system.

METHODS

Rats of the Wistar strain weighing between 180 and 220 gm.,
5—6 months old, d.e. after completion of the myelination process
(Kuhlman and Lowry, 1956) and stabilization of brain weight (Brizzee,
et al., 1964), were used as experimental animals in all the experiments.

The skin of rat paws was electrically stimulated through a metal-
-barred floor of a special chamber inducing a strong excitement of the
nervous system and intensive motor activity in the experimental ami-
mals most pronounced during tthe first 5—10 min. of stimulation. After
55—60 min. the animals were in a state of exhaustion, the active mo-
vements almost disappeared. The ability of the animals for making
active mowements usually returned only after a rest of 5—10 min.

After 5, 10, 20 and 60 min. of stimulation and after 1, 2, 4 and 18 hrs
of rest after cessation of the 60-minute stimulation the rats were
decapitated and the spinal cord was extracted in the region of lumbar
enlargement. The sample was divided into two parts, one of which
(2—4 mg. of gray matter from the anterior horns of 'the spinal cord)
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was used for chemical analysis to determine the mucleic acid content
in the whole tissue by the modified (Hairdarliu, 1967) method of
Tsanev and Markov (1960), another part was fixed in cold Brodsky
solution: formalin-ethanol-acetic acid (3:1: 03, by vol.) (Brodsky, 1960,
Pevzner, 1965), embedded in paraffin and cut into 5—7 u slices.

The nucleic acid concentration in individual nerve and glial cells
was determined by the two-wavelength method of ultraviolet cyto-
spectrophotometry (Ornstein, 1952, Patau, 1952, Mendelsohn, 1958,
Agroskin et al, 1960) with a cytospectrophotometer, the scheme of
which, the measuring procedure and calculations have been published
elsewhere (Pevzner, 1963, 1966).

Determination of the cell volume by means of the previously de-
scribed methods (Hydéen, 1955, Pevzner, 1960, 1965) allowed fto calcu-
late the amount of nucleic acids per cell.

Each mean value was calculated after determination of the nucleic
acid amount in 60—120 cells from each of 5—10 animals, kept under
the same conditions. The results were elaborated statistically by the
t test.

RESULTS

Amnalysis of the homogenate of the anterior horns of rat spinal cord
after the first 5 min. of stimulation (Fig. 1, A) revealed a decrease of
the RNA content. Later, however, the RNA content increased and
during the following period of stimulation and rest after cessation of
the 60-min. stimulation, there was no difference as compared with the
control values.

Cytospectrophotometric analysis revealed more significant changes
(Fig. 1, B). Five minutes after the beginning of stimulation the RNA
content increased in ithe perikaryons of motor neurons and simulta-
neously significantly decreased in the surrounding satellite glial cells.
In the mext 5 min. the RNA content decreased also in the cytoplasm
of motor meurons. But 20 min. after the beginning of stimulation the
nucleic acid content increased both in nerve and glial cells and practi-
cally did mot differ from control values. Only prolonged stimulation
in the course of 60 min. resulted in a significant decrease of mucleic
acid content both in the motor neurons and in the surrounding satellite
glial cells.

Return to the normal nucleic acid level (Fig. 2, B) began only afiter
a l-hr period of rest and was completed in 4 hrs in the neuroglia and
in 18 hrs in the motor neurons.

Neuropat. Pol. 3 12
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Fig. 1. Relative changes in nucleic acid content in rat spinal cord during electric
stimulation of skin (percentage to control value).
A — RNA in homogenates of the spinal cord gray matter of anterior horns;
B — continous line — cytoplasmic RNA in motor neurons of the same region;
B, — dashed line — total nucleic acid content in surrounding satellite glial cells;
O — statistically significant changes.
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Fig. 2. Relative changes in mucleic acid content in rat spinal cord durispg the
period of rest after cessation of 60-minute stimulation. Legend as in Fig. 1.
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DISCUSSION

Cytospectrophotometric analysis of individual cells in the nervous
tissue makes possible the detection of significant changes of nucleic
acid concentration in nerve and glial cells, whereas chemical analysis
of whole tissue homogenates may reveal only slight changes.

The determination of the RNA content in the cells of excited and
intensively moving animals can reveal an increase of the RNA content
in the cytoplasm of motor neurons in the anterior horns of the spinal
cord and a simultaneous decrease of mucleic acid content in the sur-
rounding satellite glial cells. (In glial cells the total of the RNA and
DNA was determined. (We believed the changes of nucleic acid amount
in glial cells occurring in such shont time periods as in our experiments
to be caused by chanses of the RNA content). Such dynamics of RNA
content changes in the mentioned components of the meuron-neuroglia
system confirms the previously advanced hypothesis concerning the
supporting function of the neuroglia metabolism for maintaing the me-
tabolic processes in excited neurons. The experiments were performed
on nerve and glial cells of Deiters’ nucleus (Hydén, 1962) and on the
cells of the superior cervical sympathetic ganglion of cat (Pevzner,
1965, 1966).

We gave particular attention to the fact of increase of nucleic acid
content both in nerve and glial cells after 20 min. of stimulation taking
place after the decrease of mucleic acid content in these two compo-
nents of the neuron-neuroglia system as the result of 10-minute stimu-
lation. Taking into account the simultaneous decrease of motor activity
of the animals it may be supposed that in this case some physiological
changes of adaptive character could occur accompanied by metabolic
changes, so that the disturbed correlation of anabolic and catabolic
processes would be re-established. Biut a prolonged stimulation, pro-
bably, results ultimately in a mew substantial disturbance of this cor-
relation. Such an explanation, naturally, must be subjected to experi-
mental (in particular to physiological) verification.

The rest of the changes in mucleic acid content in nerve and glial
cells revealed in exhausted animals and during the period of restitution
corresponded on the whole to previously received data characterizing
the metabolism of nucleic acdids in the neuron-neuroglia system (Hydén,
1962, Pevzner, 1965).

The decrease of the RNA content revealed in homogenates after
5 min. of intensive motor activity of the animals (Fig. 1, A), could
occur owing to a decrease of the RNA content in glial cells (Fig. 1, B).
On the other hand, the insignificant increase in RNA amount in motor
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neurons, owing to their small quantity, probably had only a slight
influence on this decrease. In the remaining elements of nervous tissue
no changes took place or a certain drop of the RNA level was noted.

The most pronounced differences between the results obtained by
means of chemical and cytospectrophotometric analysis were revealed
by examination of exhausted animals which had been electrically
stimulated for 60 min. In the cytoplasm of neurons and the surrounding
satellite glial cells there occurred a decrease of nucleic acid content,
whereas homogenate analysis did mot reveal any significant changes.
In this case the RNA amount in the process components could increase
in some degree. Probably therefore, in spite of the decrease of the RNA
content in the bodies of nerve and glial cells, the total analysis did
not reveal any significant changes.

Such conclusions, however should be advanced with circumspection,
since the different tissue treatment in the course of examination of
brain homogenates and sections could also lead ito the differences in
composition of the RNA fractions and changes in its physical and che-
mical properties, which could be reflected in the results of quantitative
RNA determination.

Thus, the results of cytospectrophotometric analysis allowed to
characterize the changes in RNA metabolism in the bodies of nerve
and glial cells. But these changes did mot exert a decisive influence
upon the results of whole tissue analysis, mostly in view of the com-
paratively small volume of bodies in the total mass of nervous tissue.
Comparison of these data with those of chemical analysis of tissue
from the same regions of the nervous system afforded indirect data
on RNA metabolism as a whole in the processes of merve and glial
cells, i.e. in the ”process component”.

These findings seem to indicate that with pronounced changes in the
functional state of the mervous system, there also occur definite chan-
ges in the RINA content in the processes of nerve and glial cells, which
can influence the results of whole tissue analysis. Therefore in biolo-
gical investigations carried out on whole nervous tissue homogenate
the possibility of such changes should also be taken finto account.

I am very grateful to Dr. Leonid Pevzner for his interest and help-
ful comments.

S. Ch. Haidarliu

ICZYNNOSCIOWE ZMIANY ZAWARTOSCI RNA W ELEMENTACH
KOMORKOWYCH RDZENIA KREGOWEGO

Streszczenie
Heterogeniczno§¢é morfologiczna tkanki mnerwowej jest przyczyng istotnych
trudno$ci w ocenie zmlian zawarto$ci RNA w réznych strukturach tej tkamki.
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W mniniejszej pracy przy pomocy metody cytospektrofotometrii w ultrafiolecie
o dwéch dlugoéciach fali okreslono zawartoéé RNA w komoérkach nerwowych
i otaczajacych je glejowych komoérkach satelitarnych, a takze zbadano zalezno$é
miedzy poziomem zawarto$ci kwas6w nukleinowych w tych komoérkach i stanem
czynnoSciowym ukladu nerwowego. Oprécz tego podjeto proébe okreSlenia drogag
poérednig zmian zawarto$ci RNA w ,komponencie wypustkowej” (neuryty, i den-
dryty komoérek nerwowych, wypustki komoérek glejowych) istoty szarej rdzenia
na podstawie poréwnania danych otrzymanych po spektrofotometrycznej analizie
RNA w pojedynczych komoérkach nerwowych i glejowych z chemiczng analizg
matych nawazek tych samych okolic rdzenia po zmianie stanu czynno$ciowego
ukladu nerwowego. :

W warunkach elektrycznego draznienia skoéry, zastosowanego przez nas do
niniejszych do$wiadczen, zmiany zawarto$ci RNA w ciatach komérek nerwowych
i glejowych mie wykazaly decydujacego wplywu mna wyniki analizy catkowitej
(peinej) tkanki, prawdopodobnie na skutek stosunkowo niewielkiej objeto$ci cial
tych komérek w ogoélnej masie tkanki nerwowej. Otrzymane wyniki pozwalajg
przypuszczaé, ze przy gwaltownych zmianach stanu czynno$ciowego ukladu mer-
wowego zachodzi réwniez okreslona zmiana zawarto$§ei RNA w wypustkach ‘ko-
morek nerwowych i glejowych, mogaca wplywaé¢ ma wyniki analizy peinej tkanki.

C. X. Xaigapany

OYHKIMOHAJBHBIE MBMEHEHUA COJIEP2KAHMSA PHK B KJIETOYHBIX
KOMIIOHEHTAX CIIMHHOI'O MO3TA

CopnpepxaHue

Mopdoaornydeckasd reTeporeHHOCTbh HEPBHOM TKaHM NPUBOAUT K 3HAYUTEIbHBLIM
TPYAHOCTAM IIPM OLlEHKe wu3MeHeHmi: copepxkauma PHK B pa3jMyHbIX €e CTPyK-
Typax.

B Hacrosauei pabore MeTOAOM JBYXBOJIHOBOM ¥ <P-umrocrnekTpodoroMerpun ObLIO
onpeaeneHo Koandectso PHK B HEpPBHBIX M OKPYZKAKIMX MX INIMAJbHBIX KJIETKaX-
-caTeNINTaX, a TakKzKe M3ydeHa 3aBMCHMOCTbH MEXK/JY YPOBHEM COJep:KaHuMsa HyKJIen-
HOBBIX KMCJIOT B 9TMX KJEeTKaX M (DYHKLMOHANbHBIM COCTOAHMEM HEPBHOM CHCTEMBI.
Kpome TOro, 6bu1a nmpearnpyuHATA IIONLITKA KOCBEHHBLIM IIyTEeM OIpPeesNTh M3MEHEeHViI
copepxkauua PHK B ,,0TPOCTKOBOM KoMmIlOHeHTe (AKCOHbI M JEHAPUTBI HEPBHbBIX
KJIETOK, OTPOCTKM TIJIMAJBHBIX KJIETOK) CEeporo BellecTBa CIMHHOIO MO3ra Ha OCHOBEe
CPaBHEHMA JaHHBIX, MOJYYEHHBIX IIpU crekTpodoToMeTpuyeckoMm omnpeneneHm PHK
B OTJIeJIbHBIX HEPBHBIX M IJMaJbHBIX KJjeTKax M XVMUYECKOM aHaju3e MaJbIX Ha-
BECOK TeX K€ y4JaCTKOB MO3ra Inpy m3MeHeHun (hyHKLUMOHAJIBHOI'O COCTOAHUA HEPBHO
CUCTEMBI.

B ycnoBuAX 9JIEKTPOKOIKHOIO pasjpazkeHus, KOTOPble Mbl NPMMEHMJIM B HAIIMX
3KCNepUMMeHTaX, u3MeHeHus KoiudectBa PHK B Telax HEPBHBIX ¥ INIMAJbHBIX KJe-
TOK He OKa3aJlM pelIalollero BJIMAHMA Ha pe3yJbTaTbl aHaJAM3a LeJbHOI TKaHM,
MO-BUAMMOMY, TJIaBHBIM 00pa3oM BCJiejACTBMe CPaBHUTENBHO HeboJbiuoro obmema Teu
KJIETOK B OOIIeil Macce HEpPBHOM TKaHu. IlonydeHHbIE HAHHbIE IMO3BOJAKIT JAyMaTb,
YTO IIPYU Pe3KMX M3MEHEHMAX (MYHKLMOHAJIHLHOTO COCTOAHMA HEPBHOM CUCTEMBI TaKIKe
IPOMUCXONAT OIpPejeeHHble M3MeHeHus cojepxaHuad PHK B OTpocTKax HEPBHbLIX

M TIMaJbHBIX KIJIETOK, KOTODPbIe MOryT BJIMATL Ha Pe3yJbTaThl aHaJamu3a 'uénbnoﬁ
TKaHN.
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