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N E U R O P A T . PO L. 1969, VII, 3

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 he easily verified by the readers 
of the book: Polish Neurologists w ritten by E. Herman edited in 1958 
by PZiWL. 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 o'ther 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 
Ludwi'k Paszkiewicz, Witold Zawadowski, Andrzej Biernacki. During 
their tenures the foundations of the institutions of this newly-isolated 
discipline have been laid: Department O'f Neuropathology of the Polish 
Academy of Sciences (called (formerly Department of Histopathology 
of the Nervous System) has been founded in 1954 (its name 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 new 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 wdfkv in this officially new speciality.
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214 Editorial

I't would be wrong 'to claim that no research work in 'neuropathology 
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 a't numerous 
departments of neurology of Medical Academies in Kraków, Wrocław 
and — in the first place — in Warsaw. Department of Neuropathology 
was developed from laboratory of neurohistology 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 'neuropathology, some of these clinicians were heads 
of departments (as it was the case with professor Adam Opalski) 
others were neurologists working in 'these departments. Histopat'hology 
of the nervous system was then the object of studies of neurologists, 
neurosurgeons and, less frequently, pathologists who 'treated 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 Kraków, 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, Medioal Academy to No 3 Pasteur Street in W ar
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. Kulczycki 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 Pruszków.

Independently of Department of Neuropathology, but perhaps 
following somewhat its example the Laboratory of Neuropathology 
has been developing at the Medical Academy in Łódź, 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 Poznań. 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 
Muszyńska).

Members of the Society of Polish Neuropathologists come from 'these 
recently founded or former centers. The greatest group among them 
is formed by neuropathologists 'from the Warsaw and Kraków neuro- 
pa'thological 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 session? 
of the Society. The number of neuropathologists members of the Society 
exceeds now 50.

The development of Polish neuropa'thology 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 
oif 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 neurological 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 Kraków 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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216 Editorial

sending ma'terial or participating as partners in the work on sporadic 
cases or more extensive studies done ifor 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 Zürich 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 tha t 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 o<f 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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H I S T O C H E M I S T R Y  OF M Y E L I N  A N D  N E U R O G L I A

NEUROPAT. POL. 1969, VII, 3

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

LIPID-PROTEIN RELATIONSHIPS IN NORMAL 
AND DEGENERATING MYELIN*)

Departm ent of Pathology Guy’is Hospital Medical School, London University,
Great Birii'taiin

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 Ibe 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 pro tein-types can be distinguished 
within the normal myelin sheath. The fir^t sort is akin !to proteolipid- 
-protein and neurokeratin (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

' i
*) Supported by th e  M ultiple Sclerosis Society  (U.K.).
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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 ifor 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 V ITRO  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 
f i x e d  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 of Trypsin

T R Y P S IN  -  RESISTAN T R Y P S I N - S E N S I T I V E

PR O T E INPROTEIN

ACID
LIPID

CHOL ACID
LIPID

CER CHOL

Effect of 
Acetone

Eff«ct of 
Acetone

Effect of Trypsin

CHOL =  C HOLESTEROL  

C E R  =r CEREBROSIDE

Fig. 1. M yelin molecular structure.

In u n f i x e d  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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C. W. M. A dam s J. F. Hallpike I

Fig. 2. Tryptophan .Ln neuro,kera,tin  of rat peripheral nerve myelin. DMAB
m ethod, X 2260.

Fig. 3. Basic proitein in rat peripheral nerve myelin. Trypa.n blue, pH 5, X 969.
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Fig. 4. Effect of dilute trypsin applied to w hite  m atter of human  
bradin, oryostał section post-stained w ith  Sudan black, X 7. Note gross 

loss o f lipid from trypsin-digested w hite  matter.
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Fiq 5 Increased proteolytic activity (translucency) during m yelin  breakdown  
in rat scdatfc nerve. Top, normal nerve; m iddle 4 days after nerve section; 

bottom , 6 days after nerve section. G elatin-silver autogram, X 9b.
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Fig. 6. Ln ore abed proteolytic activ ity  at the edge of an active plaque of m ultiple  
!Sv erosis. Demyeliinated centre of plaque at top. G elatin-silver autogram. X 550.
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elastase (Fig. 4; lWolman arid 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 vitro  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 nerve-section-even though the sheath and its constituent 
lipids physically fragment and disrupt during 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 1961a). Our (biochemical observation were supported by 
the silver-gelatin film technique (Adams and Tuqan 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 Tuqan 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 dbtain 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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iWe 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 not 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-AM INOPEPTIDASE IN MYELIN

After extracting ra t peripheral nerve myelin w ith chloroform- 
-methanol and washing it (Folch et al. 1957), about half of the neural 
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 unextraetable residue (Table 1; Adams and

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

Chloroform phase-lipid 17-2%1 54-3%
Interface-proteolipid 37-1%]
Water phase +  residue 45-7%

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 tha t 
a substantial amount of cerebral neutral proteinase activity was 
present in the myelin subfraction of the mitochondrial fraction.

Leucine aminopeptidase (LAP; L-leucyl-ß-naphthyl-amidase) activity 
is more concentrated in white m atter than grey; it is present in rat 
myelinated peripheral nerves, bu t absent from unmyelinated leg nerves 
of the lobster (Table 2; Adams and Glenner 1962). Moreover, in contrast 
to various respiratory enzymes, LAP activity in the subcellular myelin 
fraction of ra t 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 tha t 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-surfaee (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-ß-naphthyl-amidase activity Table 3. Enzymic activity in myelin prepara-

in neural tissue tion of rat brain

# Naphthylamine Myelin enzyme
[jig/mg wet wt/hr activity as % of

total recovery

Sciatic nerve, rat 1-53
Unmyelinated nerve, lob Succinic dehydrogenase 2-3

ster 000 ATPase (total) 2-16
Optic nerve, rat 112 ATPase (N a-f) 2-19
Corpus callosum, rat 2-73 Acid phosphatase 3-2
Frontal cortex, rat 1-59 Aik. phosphatase 2-9

G-6-P dehydrogenase 2-7
Aminopeptidase 17

Table 4. Enrichment of peripheral nerve myelin fraction compared with whole homogenate

Whole
homogenate

Human 
dorsal root

Rabbit sciatic

Cerebroside 1 2-20 1-58

Cholesterol 1 2-05 1-61

Succinic dehydrogenase 1 0 0013 
(0*06%) *)

0 0018 
(0-11%)*)

Leucine aminopeptidase ! 1 

*) Enrichment compared with cerebroside

1-42
(64%)*)

1-63
(103%)*)

C. W. M. Adams, F. Hallpike

STOSUNEK LIPIDOWO-BItAŁKOWY W PRAWIDŁOWEJ I DEGENERUJĄCEJ
MI ELIN IE

S t r e s z c z e n i e

A. Mielina zaw iera dające s ię  wykiryć hdstochemicznie bogate w  tryptofan, 
oporne na traw ienie tryptsyną -białko (neurokeratyma), lipoproteidy oraiz łryjpamo- 
filne, w rażliw e na trypsyinę białko zasadowe.

B. Trawienie trypsyną in  v itro  białka zasadowego daje w  w yniku uwolnienie  
lipidu z mielimy.
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222 C. W. M. Adams, J. F. Hallpike

C. A ktywność proteolityczna wzrasta w e w czesnych stadiach rozpadu m ie-  
liny (degeneracja Wallera) i na brzegach świeżych plak stwardnienia rozsianego. 
Trawienie białka zasadowego w  m ielinie może wyjaśnić początkow e rozerwanie  
osłonki, w  czasie gdy lipidy pozostają chemicznie niezmienione.

D. Obojętna pro tea,za oraz amiin opept y d aza leucyinowa w ydają  się  być sta 
łym i składnikam i en zymait y cznymi prawidłowej Imieliny.

Hj. B. M. A^aMC, «I>. XojiJinaMK

«

JIJffiMßHO -  BEJIKOBOE OTHOIHEHME B n P A B J U IB H O M  

M f lE r E H E P M P y iO m ilM  MM3JIMHE

C o f l e p x a H H e

A. M mSJIHH CO^epjKMT rHCTOXHMPneCKH BbIHBJIHeMtIM, 6oraTbIM TpmiTOCbaHOM, pe3J4-
C T eH T H b iM  H a  n e p e ß a p H B a H J i e  t p i o t c m h o m  ß e j i o K  ( H e ü p o K e p a T M H ) ,  j i n n o n p o T e n f l M  

M TpnnaHO(J)MJIbHbIM HyBCTBHTejIbHbM K TpMnCMHy OCHOBHOÜ 6ejIOK.

B. I l e p e B a p M B a H M e  T p n n c n H O M  in v itro  o c H O B H o r o  S e j i K a  ß a e T  b  p e 3 y j i b T a T e  o c b o -

6 o j K f l e H n e  J i n n n f l a  M3 M M 3JiM H a.

B. I I p o T e o j iM T M H e c K a a  aKTHBHOCTb B 0 3 p a c T a e T  b  paHHMX cTaflM HX  p a c n a ^ e H M f i  m m 3 -  

JiMHa O j e r e H e p e i j H H  B a j i j i e p a )  h  H a  K p a n x  a K T H B H b ix  ß j iH u ie K  pacceflHHoro 

C K J ie p o 3 a .  I l e p e B a p M B a H M e  o c H O B H o r o  6 e j i K a  b  MMSjiMHe MOHteT BbiHCHMTb H a -  

H a j ib H b i f i  p a 3 p b i B  0 6 0 J10HKM, B t o  B p eM H  K o r f la  jm Ö M R b i  o c T a i o T c h  x m m m h c c k m  

HeM3MeHeHHbie.
r .  H e M T p a j i b H a H  n p o T e a 3 a  m  j i e M n ;M H -a M M H o n e n T M f la 3 a ,  K a x te T C H  n o c r o H H H b i e  3 H 3 m -  

M aTM H eC K M e C O C T aB H b ie  n p a B M J Ib H O M  M MSJIHHbl.
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PROTEOLYTIC ENZYMES IN MYELIN BREAKDOWN*)

D epartm ent o f  Pathology Guyls Hospital Medical School, London U niversity,
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 ibetween proteolytic 
enzyme action and myelin breakdown and the sources of these enzymes 
in 'both experimental and human demyelina'ting 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, Lajitha 1965) and increases 
in endogenous protease activity in pheripheral nerve undergoing 
(Wallerian degeneration have been found by Porcellati and Gurti (1960) 
and by Adams and Tuqan (1961). The link between proteolysis and 
demyelina'tion has also been strengthened by 'the finding of increased 
cerebral protease activity in experimental allergic encephalomyelis 
(Gabrielescu 1968) where some of the earliest morphologioal 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 M ultiple Sclerosis Society (U.K.).
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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 — 3*5 
and 7 • 4. Biochemical determinations of proteinase activity in whole 
nerve homogenates were carried out at pH 7 • 4 using casein as sub
strate (U.V. absorption at 280 mu) and at pH 3 * 5 using gelatin in the 
incubation mixture and measuring the release of winhydrin-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 ß-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-ß-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-

• ^ A c i d  phosphatase 
0 - 0  Neutral caseinase 

Acid gelatinase 
/>— L-leucyl-/3 -naphthylamidase
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Fig. 1. Walleriatn degeneration.
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-acting proteinases with changes by 12 hours after nerve 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 ammopeiptidase 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.

bß

JC CJ

O)a>

CJa
a>
s>»
N£w

Fig. 2. W allerian degeneration (early changes). A ctivity scale for each enzym e
ilOOl— 300°/o; oantool =  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.

Acid phosphatase

Neutral caseinase

Acid gelatinase

L-leucyl-ß -naphthylamidase

Days after nerve section

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, iWol- 
man 1965) found histochemical evidence af 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 iWallerian 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-ileucyl-ß-inaphthylamidase (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) ithat lysosome and 
acid phosphatase production within the Schwann cell accompany the 
earliest morphological signs of myelin breakdown.

D. IN -V IT R O  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. nerve/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 
ra t 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 5-0).
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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- 
-tre'ated 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 'normal myelin 
would clearly foe 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 known 
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 iWallerian 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 mem!brane 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

S t r e s z c z e n i e

1. Przedstawia się pokrótce dane łączące proteolizę z rozpadem mieliny.
2. Wärest a k ty w n o śc i e n z y m ó w  p r o te o lity c zn y ch  oraiz k w a śn e j fo s fa ta z y  p o ja 

w ił  isię w  zw y ro d n ien iu  W allera  w  12 g od zin  p o  przec ięc iu  n erw u  p op rzedzając
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przypuszczalne uw oln ien ie  z mielimy L -1 euc y l - ß -naf t yl am idazyĄ
3. Wzrost aktyw ności enzym ów  proteolitycznych oraz kw aśnej fosfatazy były 

badane histochem ioznie w e  w czesnych stadiach segm entow ej dem ielinizacji.
4. Niektóre z efek tów  działania itrypsyny na nieutrawalomą, praw idłow ą m ie-  

lin ę  mogą być powtórzone przez hom ogenaty z w yrodniejących  nerw ów  obw o
dowych.

5. Dyskutuje się znaczenie n in iejszych  badań dla  w yjaśn ienia  przypuszczalnej 
roli lizozomów w  procesie rozpadu m ieliny.

<E>. XoJiJinaÜK, IJ. B. M. A^ainc 

IIPOTEOJIMTMHECKME <£EPMEHTLI B PA3JI02KEHMM MM3JIMHA
/

C o f l e p x a H H e

1 . K p a T K i iM  0 6 p a 3 0 M  M3JiaraiOTCH # a H H b i e  c o e ß M H H i o in e e  n p o T e o j i n 3  c  p a 3 J i0 J K e -  

H H eM  MH3JIHHa.
2. y B eJIM H eH M e aKTMBHOCTM npO TeO JIM T M H eC K M X  cJ iepM eH T O B  M KMCJIOM (J )0 C C ł)aT a3M  

noHBMJiMCb B BajiJiepoBCKOM BbipojK^eHHM B 12 nacoB nocjie nepepe3a Hepsa 
n p e ^ n i e c T B y f l  B e p o H T H o e  y B O J i e r o i e  m3  MM3 JiM H a L - J ie M H H H - ß - H a c t} T M j ia M H f la 3 b i .

3. yBejIMHeHMe aKTMBHOCTM npOTeOJIMTMHeCKMX 4)epMeHTOB M KMCJIOM 4)OC(i»aTa3bI 

MCCJie^OBajIMCb rMCTOXMMMHeCKMMM MeTO/jaMM B paHHMX CTaflMHX CerMeHTHOM 

AeMM3JIMHM3aUMM.

4. HeKOTOpbie 3C|)Cfc>eKTbI fleMCTBM H TpMnCMHa Ha HecjDMKCMpOBaHHbIM, HOpMajIb- 
HbiM MM3JIMH MOJKHO noBTopMTb ^eficTBMeM roMorenaTOB M3 #ereHepM pyiom M X  

nepMcJjepMHecKMX HepBOB.

5. OScyjK^aeTCH 3HaneHMe npoBeAeHHbix MCCJie/jOBaHMM ^jih noHMMaHMH npe^no- 
jiaraeMOM pojin jih3030M0b b npoijecce pa3Jio?KeHMH MMSjiMHa.
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Fig. 3. Protease activity in Wallerian degeneration, 8 days. G elatin -silvei
method, pH 3'5 X 620.
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Fig. 4. Acid phosphatase activity, Wallerian degeneration, 8 days. Gomoiri, X 620
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Fl9' 5‘ Pr°tease activity one w eek after injection of diphtheria toxin. Gelatin-
hsliver method, pH 3 • 5, X 940.

Fig. 6. Acid phosphatase activity one week after diphtheria toxin injection  
1-Naphthylphosphate/GBC, X 940.
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Fig. 7. Peripheral nerve trypanophilia after buffer (left) and buf trvnanophilia
nerve homiogenate supernatant (night). M yehn changes and reduced trypanopmn

on night, X 620.
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HISTOCHEMICAL DEMONSTRATION OF PHOSPHOLIPIDS 
IN THE NERVOUS TISSUE

I. P. P avlov  Institute of Physiology USSR Academy of Sciences, Leningrad, U SSR

Histochemical methods for "demonstration of tissue phospholipids, 
including ithe phospholipids of nervous 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 subcellular 
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).

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

http://rcin.org.pl



234 I. N. U lybina

of methods 'for demonstration of phospholipid's 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 necessary 'to embed the tissue in paraffin, besides longer post- 
chromation, fixatives containing chromium are also used such as: 
formol-saturated ReineCke salt, Lewitsky, Zenker, Hel'ly 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 tha t each stage of treatm ent of tissue can dead to 
quantitative and qualitative changes of phospholipid content in the 
structures under study (Brante 1949, Heslinga, Deierkauf 1961, Pulido
1966).

The aim of (this 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 this 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 a t 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 treatm ent 
by the Baker test after fixation and chromation for different periods
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at room temperature and at 60°. iWe 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 Ithe lipid phosphorus extracted by a ehloroform-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

100%

%

83

94

77

90

Contro/ (fresh tissue)

Baker 6h

Baker + R. ei necke's sa lt 18 h

Lewitsky 18 h

Bouin 20h

Fig. 1

100%

Ethan 70.97,100% [3h)

Ethan. (3h), Xylene (1h)

Baker+ 
Reine eke, 
Ethan |

I Baker+Reinecke,Łthan,^

Pieces I Baker +Reinecke, Ethan.

2 I  Sections J Xyl, Par aff, Xyl. Ethan

18 Pieces Lewitsky, Ethan,Xyl

5 1  Sections [ Para ff, Xyl, Ethan

Fig. 2

iFig. 1. E ffect o f f ixation  on quantity o f  lipid phosphorus extracted. 

[Fig. 2. Lipid phosphorus exitractaible after histological treatment.

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

If fresh tissue is placed in alcohols of increasing concentration for 
3 hrs a high loss of lipid phosphorus is observed (ehloroform-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 Iby 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.

' 100%
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%

S ■  Pyridine 2h,22° + 24h,60°

Bouin, Pyridine

8 El] Baker, Pyridine

6 1  Baker + Reinecke, Pyridine

6 I  Lewitsky, Pyridine

3 1 Pieces 

2 1 sections

Baker*Reinecke, Pyridine J 
Ethan ,Yy1, Paraff} Xyl,Ethan

%
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52 
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Baker + Chromation 18h,22°

Baken-Chrom 18h,22°+24h, 60°

Chromation 18h,22°

Chromation 18 hi-24 h ,22°

Chro motion S6h,22c

Chrom a t ion 12h,S(f

Chromation 24 h, 60°

Fig. 3 Fig. 4

Fig. 3. l ip id  photspoirus extraic table after extraction  w ith  ithe help iof pyridine.
Fig. 4. Effectt of cihromatioin on quantity o f extractable lipid phosphorus.

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 treatm ent 
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 n 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 treated 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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nonextrac'ted 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 ito 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 phosphatidylethanolamme.

We believe that one of the lines along which neurohistochemistry 
should develop is the elucidation of closer correlations between the 
histochemical pictures in the nervous 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. U lyhina

NIEKTÓRE ZAG ADNIENIA HISTOCHEMICZNEGO W YKRYW ANIA  
FOSFOLIPIDÓW  W TKANCE NERWOWEJ

S t r e s z c z e n i e

W czasie utriwalainiia, ctoomowainiia oraz histologicznego przygotowalnia tkanki 
dla histochemicznego w ykazania fosfolipidów , spada znacznie zawartość fosforu  
w  lipidach, który jest ekstrahowany mieszaniną chloroform -m etanol (2: 1).

Przeprowadzono badania chem iczne nad zawartością fosforu lipidow ego  
w  móżdżku szczurów po zadziałaniu na tkanki odczynnikam i na różnych etapach  
metod służących w ykryciu  fosfolipidów.

P o  utrw aleniu  tkanka traciła 80i—90°/o fosforu lip idow ego w  porównaniu  
z tkanką świeżą. D ziałanie na  św ieżą  tkankę etanolu ii k sy lenu  spow odow ało  
spadek ilośoi fosforu lip idow ego do 26%. Jednakowoż, uprzednie utrw alenie  
tkanki prow adzi do m niejszych istrat fosfolip idów  w  etanolu ,i ksylenie. W czasie 
chrom owania w g  Baketra, około 30% fosforu zw iązanego z lip idam i pozostaje  
w  tkance w  trw ałym  zw iązku z solam i chromu. Kom pleks ten  .nie podlega  
ekstrakcji ani obojętną an i zakwaszoną, ani też gorącą m ieszaniną chloroformu  
z m etanolem .

Stabilizacja  fosfolip idów  przez .zadziałanie na tkankę odczynnikam i zaw ierają
cym i chrom stanow i podstaw ę szeregu histochem icznych m etod w ykrycia  fosfo 
lipidów.

M. H. yjIblÖHHOÜ

HEKOTOPBIE BOITPOCbl TMCTOXMMMHECKOrO BLIHBJIEHMH 
^OCOOJIIHIMßOB B HEPBHOJł TKAHJl

Co^epjKaHHe

n p w  CjDMKCaiJHH, XpOMMpOBaHMM M B IipOIjeCCe rMCTOJIOrMHeCKOH OÓpaÓOTKM TK3HM 
flJIH TMCTOXMMMHeCKOrO BblHBJieHMH (jDOCCbOJIMnMflOB 3HaHHTejIbHO CHMJKaeTCH KOJIH-

n e c T B o  j in n iiA H o r o  c£>occj?opa, S K C T p a rn p y eM o ro  CMecbio xji0p0<£>0pM -M eTaH 0jia (2 :1).

np0M3B0flMji0Cb xnM M H ecK oe o n p e a e j ie H H e  j in n n A H o r o  dpoccjpopa b HaßecKax mo3- 

jKeHKa K p b ic  n o c j i e  oópaóoTKM t k 3 h h  peaKTMBaMM Ha pa3JiHHHbix 3Tanax MeTOflOB 
B b lflB JieH M H  (£>OCd?OJIPmM£OB.

Ilocjie <J)MKcaij[HM M3 TK3 HM M3 BJieKajiocb 80—90% jiHnw^Horo c£>occbopa o t  co,ąep- 
pjKaHHH ero b CBejKew TKaHM. OópaóoTKa CBesten tk 3h h  cnnpTOM m kcmjiojiom 
Bbi3bmajia CHMJKeHMe KOJiMnecTBa JinnM^Horo c£>oc<i>opa ,ąo 26%. O^HaKO npe^Ba- 
PMTeJIbHaH (J)HKCaiJHH TKaHM npMBOflMT K nOTepe MeHbUIMX KOJIHHeCTB <J»OC(bOJIMnM-
flOB B c rm p T e  M KCMJiojie. npw xpoMMpoBaHMM n o  M e r o n y  E s K e p a  o k o j io  30% c£>oc- 

c£>opa, CBH3aHHoro c  j in n n fla M w , o c r a e T c n  b t k 3 h m  b npoHHOM coe^MHeHMM c c o j ih m h  

xpoMa. 3 t o t  KOMnjieKC H e SKCTparwpyeTCH H eü T p a jib H o ü , km cjiom  m r o p a n e f t  c M e -  

CflMH XJIOpO(i)OpM-MeTaHOJia.

CTa6MjiM3an;MH d)ocd?ojinnn,ąoB nyTeM o6 pa6 oTKM TKaHM xpoMCO^epjKamMMM 
peaKTMBaMH HBJIHeTCH XMMMHeCKOM OCHOBOM pHfla TMCTOXMMMHeCKMX TieTOßOB BblHBJie- 
HMH <J)OC(t)OJIMIIMflOB.
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J. DOBBING

THE INFLUENCE OF GROWTH RETARDATION ON MYELINATION

D epartm ent of Child Health University of M anchester, 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 nutritional 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 neurochemical 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,

http://rcin.org.pl



242 J. Dobbing

however, may no't have functional significance since ithey are accom
panied by :a corresponding permanent deduction in body size.

Of more possible significance is the finding that the degree of 
myelinaftion 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 res'tiction 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

WPŁYW ZAHAM OW ANIA WZROSTU N A  PROCES MIELINIZACJI

S t r e s z c z e n i e

Ostra głodówka prowadząca do śmierci, zastosowana w obec dorosłych zw ie 
rząt nie w yw iera żadnego w pływ u  na rozmiar czy też skład mózgu, jak i na skład 
mielimy. Przeciw nie n iew ie lk i stopień ograniczenia żyw ienia, zastosowany w  cza 
sie gw ałtow nego w zrostu mózgu powoduje sta łe  zm niejszanie s ię  rozmiaru, liczby  
komórek i  zawartości lip idów  w  mieliinie, które to  zm iany pozostają pom im o  
następczego odżyw iania ad l ib itum  (Dobbing, 1968).

P o w o d y  t e j  n i e m o ż n o ś c i  w y r ó w n a n i a  n i e d o b o r ó w  n a b y t y c h  w  o k r e s i e  w r a ż l i 

w o ś c i  m ó z g u  z w i ą z a n y m  z  j e g o  r o z w o j e m  s ą  p r z e d m i o t e m  n i n i e j s z y c h  b a d a ń .

Rtk. ßoööuHr

BJIMHHME 3AME/JJIEHMH B 0 3  PACT A HA nPOIJECC MM3JIJ1HM3AIJI1M

CoflepjKaHwe

O c T p o e  r o j io f lO B a H H e  B e ^ y m e e  k  cM epT M  B 3 p o c j i o r o  j K U B o r a o r o  H e  n p 0 M 3 B 0 f lH T  h k -  

K a K o r o  BJiMHHHH H a  p a 3 M e p  r u i n  c o c T a B  r o j iO B H o r o  M 0 3 r a  w H a  c o c T a B  M w sjiM H a.  

n p o T H B o n o J lO J K H O  H e S o j ib H io H  C TeneH M  o r p a H H H e H M e  nM TaHH H n p M M e H e H H o e  b o  B p eM H  

G y p H o r o  B 0 3 p a c T a  r o j iO B H o r o  M 0 3 r a  B b i3 b iB a e T  n o c T O H H H o e  n a ß e H M e  BeJiHHM Hbi, k c -  

JIMHeCTBa KJieTOK H COAepjKaHM H MH3JIMH0BbIX JIMTOlflOB, n p H  HeM  3 TM H 3 M e H e H H ^

0CTai0TCH noMHMO nocjieflyiomero HMTaHHH 6e3 orpaHHHeHPiM. (^oSÓMHr, 1968).
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IIpHHMHbi Be^ymwe k  HeB03M0JKH0CTn KoppeKTypbi 3TMX flecJ)ML;MTOB npno6pe- 
TeiiHbix b o  BpeMH nepM O ^a pa3BMTHH rojioBHoro M 0 3 r a  h b j i h i o t c h  npe^MeTOM HacTOH- 
meii paooTbi.
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ENZYME HISTOCHEMISTRY OF THE MYELIN AT ION GLIOSIS

D epartm ent o f  Neurology and Department of Obstetrics and G ynaecology  
Mediical Academy, Poznań (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 neuroglia, 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 material.

The activities of following enzymes were studied: acid and alkaline 
phosphatases, thiaminepyrophosphatase, adenosinetriphosphatase, no a-
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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 staite 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 'neuroglia of white matter.

Alkaline phosphatase. The neuroglia of white matter in mice and 
rabb'its lacked any al'kP 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 (Pig. 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 An mice a part of ithe oligodendroglia in ithe white matter 
retains a weak intracytoplasmic TPP-ase activity.

Adenosinetriphosphatase. The immature neuroglia of ithe 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 
ithe interfascicular oligodendroglia is negative.

Non-specific esterase. The neuroglia of the white matter shows only 
in the immature brain of human infants a positive reaction for non-
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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 nerve 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 negative.

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 m ature 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 ithe presence of small 
intracytoplasmic granules.

Cholinesterase. A positive reaction for ChE was visualized in the 
mouse brain in many neuroglia 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 nervous 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 
neuroglia cells.

DISCUSSION

The development of the membrane system enveloping the nervous 
fibres, known as the myelination process is preceded by a numerical 
increase of the neuroglia cells, by their maturation and differentiation.
(Roback, Scherer 1935; Fleischhauer 1968).

\
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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 
distinguished by the raised activity of acP, ATP-ase, TPP-ase, AChE 
and ChE in the neuroglia and in the 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 neuroglia 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 the 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 
tin the neuroglia taking pant in the myelination of the nerve 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. W ojciechowski, M. O w sianowski 

HISTOCHEMIA ENZYMÓW W GLTOZIE MIELINIZACYJNEJ  

( S t r e s z c z e n i e

W pracy porównano rwyniki badań hiistoenzyrnatycznyich ineurogleju u białych  
m yszy, szczurów oiraz w  m ateriale ludzkim.
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Badano aktyw n ość  następujących enzymów: acP, a lkP , T PP-azy, A TP-azy,
n iesw oistej esterazy, 5’-inukleotydazy, AChE, ChE ii ASS<

Jak stwierdzono, niezależnie od pewnych różnic gatunkow ych, glioza m ielini- 
zacyjna charakteryzuje się wzrostem aktywności enzym atycznej (fosfataz i este 
raz), rów n oleg le  z różnicowaniem  niedojrzałych kom órek  neurogleju. Stwierdzono  
istnienie w yraźnej korelacji pomiędzy kolejnością m ielinizacji poszczególnych  
układów  w łókien  nerw owych a wzrostem aktyw ności enzym atycznej neurogleju. 
W dalszym  okresie rozwoju mózgu aktywność enzym atyczna w  oligodendrogleju  
obniża siię lub n a w et znika całkowicie.

W zrost ak tyw n ości T PP-azy w  neurogleju w  czasie procesu m ielinizacji zdaje  
się św iadczyć o  znaczeniu aparatu Golgi’ego w  procesach m etabolicznych zw ią 
zanych z odkładaniem  składników osłonek m ielinow ych, a A TP-azy o znaczeniu  
tego enzym u w  procesach energetycznych powiązanych ze w zrostem  przemiany  
lipidów  białek w  czasie miielinogenezy.

Z w iększenie aktyw ności acP, zjawisko w ystępujące również często w  proce
sach patologicznych, powiązanych z rozrostem i rozplem em  gleju, w ydaje się 
być pow iązane z e  w zrostem  metabolizmu kwasów nukleinow ych  kom órek neuro
gleju.

M. B3Hflep, M. K o3MK, T. BoMijexoBCKM, M. Obchhobckm 

mCTOXM M M H c£EPMEHTOB  B MM3JIMHM3MPyiOmEM TJIM03E

C o a e p j K a H n e

B p a Ó o T e  cp a B H H iO T C H  p e 3 y j i b T a T b i  r w c T o x u M M H e c K H x  H c c j ie f lO B a H M Ü  HeiłporjmM 
y öejibix M b i m e f r ,  K p t i c  m  H e j i o B e n a .  M c c j i e ^ o B a j i M  aK T W B H ocT M  c j i e f l y i o m M X  cjpep- 
w e n T O B : k m c j io m  u  HajiKajiMHHOM d?occ£>aTa3, TwaMMHOBofł n n p o d ) o c ( ł ) a T a 3 b i ,  A T < S > -a 3 b i,  

Hecnei^M<ł)MHHOM 3CTepa3bi, 5-HyKJieoTHfla3bi, aueTMjixojiMH3CTepa3bi, xojiMH3CTepa3bi
u apm i-cyjibc|)aTa3bi.

K O H C T a T M p O B a jIM , HTO H e3aB H C H M O  OT H eK O T O pbIX  BM flO BbIX  p a 3 J IH H M Ü , MM3JIMHM3H- 

p y i o m n i i  TJIM03 x a p a K T e p n 3 0 B a H  y B e j i n n e H H e M  3 H 3M M aT H H ecK O M  aK T M B H ocT M  r b o c c j j a -  

T a 3  u  3 C T e p a 3  n a p a j u i e j i b H o  k  A H < £> 4)epeH U M poB K e H e 3 p e j i b i x  K JieT O K  H e w p o r j iM M . 

KoHCTaTMpoBajiM TaKJKe cymecTBOBaHHe ‘leTKoro corjiacoBaHMH Me>Kfly nocjieflCTBMeM 
MM3JIMHM3aUMM O T f le J Ib H b IX  CMCTeM H e p B H b I X  BOJIOKOH H y B e j IM H e H M e M  3 H 3 M M a T H 4 e c K 0 j l

aKTMBHocTM HeiiporjiHM. B onepeflHOM nspnofle pa3BMTMH M03ra dpepMeHTaTHBHaa 
aKTMBHOCTb o J iw r o f le H flp o r j iM M  M a j ie e T  h j ih  c O B e p u ie H H O  M C H e3aeT . y B e J i M n e m i e  3 Kt m b -  

HOCTM TWaMMHOBOM n n p 0 ( | )0 C ( J )a T a 3 b I  B HewpOrJIMM BO B p eM H  n p o u e c c a  MM3JIMHH3aiJWH, 

C B M ^ eT ejib C T B yeT  Ka>xeTCH, o  3HaHeHMM a n n a p a T a  r o j i b ^ j K H  b  o Ö M eH H b ix  n p o i j e c c a x  

CBH3aHH bIX  c  cbopMMpOBKOM KOMnOHeHTOB MM3JIMHOBbIX OÓOJIOHeK, a  A T < J > -a 3 b I  O 3Ha- 

HeHMM 3 T o r o  c b e p M e H T a  b  3 H e p r e T H H e c K w x  n p o i j e c c a x  C B H 3 a H H b ix  c  yB ejiM H e H w eM  

oÓ M eH a j iw n o n p o T e n f lO B  b o  B p eM H  M H 3 J io re H e3 a .

y B e j i M H e H n e  aKTM BHocTM KMCJioM 4 )o cc |D a T a 3 b i ,  H a ó j n o f l a e M o e  T a K x e  n a T O J io r a -  

necKMx npoueccax CBH3aHHbix c pa3pacTamieM tjimm, Karteien cBH3aHHbiM c yBejni- 
HemieM oÖMeHa HyKJiewHOBbix kmcjiot kjictok HewporjiMM.
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Fig. 1. Rabbit — 12 days old. TPP-aise activ ity  is visible^ in the clusters of 
neuroglial cells in  the corpus callosum. X 50.

Fig. 2. Infatnt — 31st w eek of m enstrual age (iweight 1280 g). Neuroglia in the 
cerebral white m atter shows the intracellular T PP -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-aise activity. X 16.

Fig. 4. Mouse — 14 days old. The negative reaction of AChE in  the neuroglia l 
cells and in the nerve fibres. The marked AChE activ ity  in the basal ganglia  

and in other grey structures. X 10.
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Fig. 5.

Fig.
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Mouse — 10 days old. The ChE activity in ineuroglia cells in  the corpus
callosum . X 180.

* ... v*»y «.i. rsr .
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6. Rabbit — 120 days old. The d istinct ChE activity in the interfascicular
oligodendroglia. X 70.
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B I O C H E M I S T R Y  OF MYELIN AND D E M Y E L I N A T I O N

A. N. DAVISON

THE BIOCHEMISTRY OF MYELINOGENESIS

Biochem istry D epartm ent, Charing Cross Hospital M edical 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 myeliin.

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 aind proteolytic activity, and rather more 
2, 3-cyclic nucleotide S -phosphohydrolase activity (Kurihara, Tsukada 
1967) have been detected in c r u d e  myelin fractions but the exact 
localisation and the possible role of these enzymes is as yet unknown.

Eiarlier work with a variety of radioactive precursors and with 
{4-14C] cholesterol had suggested tha t 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 tha t of adults. The 
hypothesis of relative metabolic inertness of myelin (Davison, Dobbing 
1961) was confirmed when persisting radioactivity in the central
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inervous 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 ito 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.

i t  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 Triparamol (Banik, Davison
1967). After treatment, brain desmosterol is slowly replaced by cho
lesterol. Following injection of the drug AY-9944 (Trans-l,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 tha t brain microsomes has the same sterol distribution. Even 
though substantial amounts of 7-dehydrocholesterol are incorporated 
into early myelin this sterol cannot be detected in the brain 21 days 
after discontinuing drug treatm ent. It is, therefore proposed that 
during the early stages of myelination the newly 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 Luzzat'i and 
Husson (1962), Benson (1966) and Lucy (1968).

Acknowledgem ent. We are gatefu l to the Multiple Sclerosis Society of Great 
Britain and Northern Ireland for financial support. Triparanol w as k indly  
supplied by Dr. H. Birkeitt (M a.r ell - N a tio<n a 1 Ltd.), and AY-9944 by Dr. Dvornik  
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BIOCHEMIA MIELINOGENEZY  

S t r e s z c z e n i e

B iochem iczne badania  mielimy w ykazują, że jest to substancja łipoprotednowa 
zaw ierająca 75% lipidów . Cholesterol, fosfolipidy i galaktolipidy są obecne w  pro
porcjach m olarnych mających się do siebie jak 2 : 2 : 1 .  U zwierząt dorosłych  
miieliina jest m etabolicznie stabilna d inie zawiera żadnych praw ie enzym ów  poza 
2', 3'-cykliczną nukleotydo 3'-fosfoh ydroliaizą oraz am inopeptydazą leucyniową. 
N iniejsza praca zakłada istnienie pośredniego stadium  w  syntezie m ieliny, przy 
czym  postu luje się , że ta  „wczesna” mielona jest iniiezróżnicowaną błoną glejową. 
Podaw anie szczurom  różnych środków pozwala na w budow anie 50% prekursorów  
cholesterolu  do m ie lin y  rozwijającego się  mózgu. N asze badania w ykazują, że 
7-dehydrocholesterol d desm osterol w  miieliinie podlegają stosunkow o isizybkiej 
redukcji do cholesterolu . Sugeruje to m etaboliczną aktyw ność  „w czesnej” m ieliny  
w  przeciw ień stw ie  do jej stabilności w  dojrzałym mózgu.

A. H . R3 BMC0 H 

EMOXMMMH MM3JIMHOrEHE3A  

Cof lepxaHMe

BwoxHMMHecKoe Mccjie,a;oBaHMe MMSJunia yica3biBaeT, hto hbjihtch oh jmnonpo- 
Ten,ąoBbiM Beu^ecTBOM coßepjKamMM 75% jmnH^a. XojiecTepwH, cJpoccbojiMnwflbi w ra- 
jiaKTOjmnMAŁi npwcyTCTByiOT b OTHOiueHunx MojiapHbix BbipajKeHHbix oTHomeHweM 
2 : 2 : 1 .  y  B3pocjibix jkmbothbix mmsjihh MeTaóojiMHecKM cTaBwjibHbiii u He co^ep- 
2KMT nOHTH HMK3KHX <J)epMeHTOB KpOMe 2', 3'-IJMKJI0 HyKJieOTHfl 3'-4)OC(J>OrMAPO-- 
Jia30Ü M JienuMHOBOM aMHH-nenTMfla30H.

HbiHeniHHH paóoTa npwHMMaeT cymecTBOBaHwe nocpeßCTBeHHoü cTa^MM b cmh- 
Te3e MH3JiMHa npw neM npeflnojiojKeno, hto 3tot „paHHMÜ” mmsjimh aBJifleTCH Hefljicb- 
d>epeHi^np0BaHH0M rjiwajibHofi MeMÓpaHoft. BBe^eHMe KpbicaM pa3Hbix cpeflCTB pa3- 

pemaeT HHKopnopwpoBaTb 50% npeitypeopog xoJiecTepMHa b cocTaB MwsjiMHa pa3Bii- 
Baiou^eroca rojiOBHoro M03ra.

Hamw Hccjie^oBaHMH n0Ka3biBai0T, hto 7-flerMflpoxojiecTepwH u aecMocTepoJi nofl-
B ep ra iO T C H  B MMSJIMHe OTHOCMTeJIbHO ßbICTpOMy BOCCTaHOBJieHMK) B XOJieCTepWH. C b m -  

^ e T e j i b C T B y e T  s t o  o  M e ra S o j iM n e c K O M  aKTMBHOCTH „ p a H H e r o ” M u s j iw H a  b  cp a B H e H M ii  

c e r o  C T a Ó M J i b H O C T b K )  b  3 p e j i O M  M 0 3 r e .
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J. N. CUMINGS

THE LIPID COMPOSITION OF PURE MYELIN 
IN SOME DEMYELINATING DISORDERS

D epartm ent of Chem ical Pathology Institute of N eurology, 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 m atter 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).

. T H E  U S E  O F  C A E S I U M  C H L O R I D E

BRAIN

CORTEX -  m n .K 's / jv - 'm cs w h i t T ^  MYELIN

•10% W /V  IN 0 .3 2  M  SUCROSE 10% W / V  IN 0 .3 2  M  SUCROSE

DEPOSIT,

SPIN 17500 g .  1 HOUR SPIN 1000 g

»EPOSJt

SUPERNATANT 5UPERNATANT

SPIN 100000 g .  1 HOUR ADJUST T O  0 . 2 5  M SUCROSE

SUPERNATANT.

DEPOSIT -  PELLET LAYER O N  15% CsCI

SUSPEND IN 15% CsCI

SPIN 100000 g .  18  HOURS SPIN 100000 g .  18  HOURS

SUPERNATANT« 3 - M Y E L I N

MICROSOM AL PELLET

Fig. 1. The use of Caesium chloride.
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For the separation of myelin and mierosomes we have made use 
of caesium chloride rather than sucrose in differential centrifugation 
(Fig. 1). The strength of caesium chloride required, together w ith the 
time and speed of centrifugation, had <to be determined experimentally 
and this itoök same time, tout ;a strength of 15% caesium chloride finally 
gave us reliable results. Although we initially used an 18 hour spin 
at ithe final stage 'this 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 Miildner, 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 multiple sclerosis, two cases of metachromatic 
leucodystrophy and two of globoid body diffuse sclerosis. Mierosomes 
from a case of Tay Sachs disease as well as from normal cerebral 
cortex have been studied, but I shall mainly discuss the myelin results. 
In addition some experiments relating to plasmalogens, using itwo 
dimensional thin layer chromatography, by the method of Owens (1966) 
have been made in both normal 'and multiple sclerosis myelin, p re 
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 m atter and the myelin in  the same subject.

M ULTIPLE 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 ethainolamine 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 tha t ethanolamine 
plasmalogen is definitely reduced whether calculated against total 
phospholipids or against the non-plasmalogen ethanolamine.

Table 1. Normal myelin

Phospholipids % Sphingolipids %

Ethanolamine 39-9 Ganglioside 0
Choline 24-1 Sphingomyelin 7-1
Serine 16-4 Trihexoside trace
Sphingomyelin 19-6 Sulphatide 16-1

Dihexoside 2-8
Cerebroside 69-6
Ceramide 4-3

Cerebroside/Sulphatide ratio 4 : 1

Table 2. Plasmalogens in normal brain

In myelin In white matter

Ethanolamine plasmalogen 77-3 72
Choline plasmalogen 4-0 4—5
Serine plasmalogen 2-8 2—3

as % of corresponding phospholipid

Table 3. Multiple sclerosis myelin

Phospholipids % Sphingolipids %

Ethanolamine 36-22 Ganglioside 1-72
Choline 27-58 Sphingomyelin 3-44
Serine 17-37 Trihexoside 1-72
Sphingomyelin 18-74 Sulphatide 29-73

Dihexoside 4-74
Cerebroside 53-44
Ceramide 5-17

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 myelin from a known amount of white matter, no ganglioside is
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Table 4. Plasmalogens in multiple sclerosis myelin

°/0 corresponding % total
phospholipid phospholipid

Ethanolamine plasmalogen 70-5 29-0
Choline plasmalogen 3-6 0-9
Serine plasmalogen 4-0 0-6

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, su l
phatide and cholesterol when it is found that whereas in the normal 
myelin the figures are l -0, 0-2, l -7 respectively, in multiple sclerosis 
they are 1 -0, 0*31, 1*5 (Cumings, Goodwin 1968).

It is clear from these findings tha t 'the „apparently normal” white 
matter myelin shows ithe following variations from the normal: 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 normal” white 
matter, but whether because it was originally abnormal or whether, 
as is possible, it indicates the first signs of a new 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 'the1 normal
but the sphingolipid composition is definitely abnormal (Table 5).

Table 5. Sphingolipids of myelin

In metachromatic 
leucodystrophy %

In Krabbe’s disease
° // o

Ganglioside 1-9 5-99
Sphingomyelin 2-4 14-52
Trihexoside 1-5 2-49
Sulphatide 85-2 8-09
Dihexoside 1-8 3-29
Cerebroside 4-4 58-94
Ceramide 2-8 6-65
Cerebroside/Sulphatide ratio 1 : 19-3 7-3 : 1
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The most remarkable finding is the change in cerebroside/sulphatide 
ratio which is 1 : 20 as compared to the normal 4 : 1 ,  due ;to gross re
duction in  cerebroside and a considerable increase in  sulphaitide. It is 
worth noting that ganglioside is present.

GLOBOID BODY DIFFUSE SCLEROSIS (KRABBE1S DISEASE)

The myelin is seen to be damaged under the electron microscope 
but while phospholipid levels are not 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 nearly double the normal.

It is now well known tha t in the ganglioside pattern  of the cortical 
lipids two abnormal bands GM3 and GM4 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 m atter in other diseases.

J. N. Cumings

SKŁAD LIPIDÓW CZYSTEJ MI ELI NY W PEWNYCH ZABURZENIACH
DEMIELIiNIZACYJNYCH

S t r e  s z c z e in i  e

Przedstawia s ię  krótki opis dotyczący oddzielenia mielimy ii md kros om ów od 
tkanki mózgowej, w  w yniku czego sfingolipidy w  tych frakcjach subkomórko- 
wych zostały rozdzielone 'i określone ilościow o za pomocą m etody chromatografii 
cienkow arstwow ej. Za m ateriał do badań służyła mieliina z  prawidłowej białej 
istoty mózgu, jak rów nież ze  stwardnienia rozsianego, leukodystrofid m etachro- 
matycznej i choroby Krabbego.

Wyniki badań w ykazują pewne różnice m iędzy m ateriałem  patologicznym  
w  stosunku do praw idłow ego, zwłaszcza zm ianie u lega  istosunek icerebrozydy: 
sulfatydy, jak też w  obecności gangliozydów w  ilościach  w iększych  iniiż w  stamie 

prawidłowym .
„Pozornie p raw id łow a” istota biała mózgu w  stw ardnieniu  rozsianym  w y k a 

zuje także zmniejszoną zawartość etanolaminy i p lazm alogenu etanolam inowego.

R. H. KsMMHrc

COCTAB JIMnHßOB HHCTOrO MM3JIMHA B HEKOTOPbIX  
flEM H3JIM H M 3HPyiOm ftX pACCTPOttCTBAX

Cof l e pj K a H w e

npe^CTaBJiHeTCH KpaTKoe omicaHHe OTflejieHMH MM3JinHa u  mhkpocomob ot mo3 -  

roßbix TKaHeü, cjiê cTBMeM nero cc£>HHrojinnnflbi h3 stwx cyÖKJieTOHHbix cJ)paKHMii

Neuropat. Pol. 3 4
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pa3AejiMJiM MeTOßOM tohk ocjiom hom  xpoMaTorpacJ)MM w  KajKflbiw jrariM,n; H3MepMjm 

KOJiMHecTBeHHO. MccjieflOBaHHbiM MaTepwajiOM 6biJi mhsjihh nojiyneHHbiM H3 HopMajib- 
Horo 6 e j io r o  B eujecTB a, M3 p acea H H O ro  CKJiepo3a, M eTaxpoM aTM necKofi neiźiKORłi- 

c’rpo(J)MM u m3 6ojie3HM Kpaöös.
P e 3 y j ib T a T b i H ccjie flO B atra ił n 0 K a 3 b m a i0 T  HeKwe M3MeHeHHH b naTOJiorwnecKOM  

M a T e p n a jie  b  cpaBHeHMM c HopM ajibHbiM  o c o 6 e H H o  b  n3MeHeHMH OTHOiueHMH q e p e 5 -  

P03Hflbl/cyjIb(t)aTMAbI M B HaJIMHMM raHrjIM03Hfl0B B Ö O J lb U IM X  HeM HOpMaJIbHO K O J IM -  

*iecTBax.
„BneuiHe np aB M JibH oe'’ 6ejioe BeiqecT B O  b  pacceaH H O M  c K J ie p o 3 e  TaKJKe c o /n e p -  

2Kajio o6HM«teHHbiM y p o B e H b  sraH JioaM H H a u  3T aHOjiaM M H-njia3M aJioreHa.
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F. CHE V A L U E R

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

ET EN CROISSANOE

Departem ent de Biologie, Centre d’Etudes Nucleaires de Saclay, France

Environ 70 pour 100 du cholesterol d’un ra t sont mobiles. Eintre un 
Organe quelconque et le plasma, il existe, en effet, des transferts bidi- 
redtionnels de cholesterol. Ces transferts constituent le mode essentiel 
de renouvellement du cholesterol des Organes. On s’est attache ä pre- 
ciser les caracteristiques fonctionnelles de ce type de renouvellement 
par echange ou remplacement moleculaire (Chevallier 1956, Chevallier 
1961, Chevallier, Giraud 1966, Chevallier 1967). On va examiner celles 
qui concernent le systeme nerveux du rat.

A  — RATS ADULTES

Les rats utilises sont des males de souche Wistar pesant environ 
350 g au deibut de l ’experience.

I. Determination de la fraction du cholesterol renouvelable par des 
transfers de cholesterol plasmatique

On a utilisś dans ce but la methode d’equilibre isotopique. Chez cfes 
rats ingeramt un regime dont la concentration et la radioactivite speci- 
fique du cholesterol sont constantes, la radioactivite specifique du chole
sterol plasmatique atteint une valeur d’equilibre (Chevalier 1956, 1960, 
1966). Au bout d’un temps variable suivant la nature de l’organe consi
ders, la radioactivite specifique du cholesterol de chaque organe attein- 
dra, elle aussi, une valeur d’equilibre. Le rapport de la radioactivite 
specifique du cholesterol d’un organe ä celle du cholesterol plasmatique 
definit, ä l’equilibre isotopique, la fraction du cholesterol renouvele 
par transfert. Contrairement ä de nombreux Organes, le temps n£ces-

http://rcin.org.pl



262 F. Chevallier

saire pour observer un rapport constant est ires long pour les differents 
elements du systeme inerveux. L’experience doit durer au minimum une 
aonee. Par ailleurs, on constate que seuls 24 pour 100, en moyenne, 
du cholesterol du cerveau sont renouveles par le cholesterol plasma- 
tique, 15 pour TOO pour le nerf sciatique et 12 pour 100 pour la moelle 
epiniere.

Cerveaii

MoeJle epiniere

500<00m
Jours

. 2QQ100

Fig. 1. Pourcentages, par rapport ä la radioactivite specifique du cholesterol 
plasm atique, de cellets du cholesterol du cerveau, de la mioeile epimiiere et du nerf 
sciatique preleves chez de rats ayant ingere, depuis l ’äge adulte, du cholesterol- 

-4 -14C pendant d es durees allaint de 7 ä 500 jiours.

Un travail recent inous permet de complóter et preciser les donnees 
reportees ci-dessus. Tout d’abord, six nouveaux rats  ont ete sacrifies 
apres 440 et 500 jours d’experience (fig. 1). Si les valeurs moyennes 
des rapports de remplacement concernant le cerveau et le nerf scia
tique demeurent pratiquem ent inchangees (respectivement 0,25 et 0,16), 
celles concernant la moelle epiniere etaient nettement surestimees 
(0,09 'au lieu de 0,12). Par ailleurs, le cerveau a  6te decompose en 
3 elements: les hemispheres cerebelleux, le bul'be, le cerveau restant. 
De meme, moelle epiniere et nerf sciatique ont ete sectionn6s en 2 ou
3 fragments, de taille approximativement egale: superieur, moyen, et, 
inferieur. Les rapports des radioactivites specifiques du cholesterol de 
ces divers elements du systeme inerveux ä celle du cholesterol plasma
tique sont reportes dans le tableau 1. On constate que les radioactivites 
specifiques du cholesterol des segments superieur et inferieur de la 
moelle epiniere sont pratiquement egales, et nettement plus elevees 
qu celle du cholesterol du segment moyen. Pour le nerf sciatique, une 
relation du meme type lie les segments superieur et moyen par rapport
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au segment inferieur. Par ailleurs, la radioactivity specifique du cho
lesterol du bulbe est nettement inferieure ä celles, egales entre elles, 
du cholesterol des hemispheres cerebelleux et du cerveau restant. II est 
ä l ’heure actuelle difficile d’iinterpreter de tels resulitats. L’ótude de la 
localisation du cholesterol mobile dans le cerveau fournira un element 
de reponse ä ce probleme.

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

A la suite d’une experience qui concernait le cholesterol 'total d’ani- 
maux entiers, on a conclu que la quasi totalite du cholesterol d’origine 
plasmatique contenu dans les organes du rat, retournai't dams son milieu 
d’origine. La lenteur des transferts de cholesterol au miveau du cerveau 
nous a engages ä verifier si cette conclusion s’appliquait effectivement 
ä ce cas particulier.

On a utilise des rats ayarit ingerć du cholesterol -4-I4C pendant 
24 jours. Ils ont ete sacrifies durant les semains qui ont suivi, puis au 
'bout d’un an. Apres un itel delai, on constate que la radioactivite totale 
du cholesterol, comme sa Tadioac'tivite specifique, me sont plus que le 
tiers de leurs valeurs observees au bout du premier mois apres la ces
sation du regime marque (fig. 2). La cinetique de la radioactivite

U.S.
1000

Plasma

500
Cerveau

100

270180
Jours

m

Fig. 2. R adioactivites specifiques du cholesterol (ipm/mg) du cerveau et du plasma, 
preleves chez des rats ayant liingere, ä l ’äge adulte, du cholesfterol-4-14C pendant 

24 jours, et ayant ete ©aerifies au cours des moiis isuiivamts.

specifique suggere, du reste, que cette disparition du cholesterol 
marque est encore plus importante. En effe't, la Valeur de la radio
activite specifique du cholesterol du cerveau au premier mois ne re 
presente probablement pas sa valeur maximale. Quoiqu’il en soit, on 
peut admettre que le cholesterol d’origine plasmatique contenu dans
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le cerveau re'tourne dans la circulation sanguine. En d’auitres te r  mes, 
24 pour 100 du cholesterol du cerveau son't reellement mobiles.

Tableau 1

Duree de 
1’experience

Cerveau Moelle epiniere Nerf Sciatique

(jours) C.R. H.C. B. S. M. I. S. M. I.

60
1 6,1 1 1,1 0,7 1,2 2,8 2,8 4,3

2 6,5 1,2 1,0 1,3 2,6 3,1 4,2

180 3 15,5 3,5 3,3 6,0 6,0 8,8

4 17,5 3,9 2,9 3,9 9 11

5 27,5 27 19 9,1 7,5 10,9 15 19,3

440
6 27 27,5 19,2 9,8 7,8 9,3 13,3 18,2

7 28,2 26,6 18,8 9,2 6,5 9,2 14,5 17,8

8 27,5 27,5 18,5 9,2 7,5 9,2 12,8 12,5

500
9 25,1 26,6 19,5 8,8 6,9 9,0 14,6 13,3 20

10 39,6 31,6 24,7 13 10 12,6 16,9 16,9 19,4

Radioactivite specifique du cholesterol de differents elements du systeme nerveux, exprimee 
en pour-cent de celle du cholesterol plasmatique (H.C. : hemispheres cerebelleux, B : bulble, C.R. : 
cerveau restant, S. : superieur, M. : moyen, I. : inferieur).

3. Vitesses des transferts et temps de renouvellement

Les deux experiences räpportees ci-dessus ont perm  is de souligner 
la lenteur des vitesses de itransfert. A l’alde de ces resultats, ein ad- 
mettant que le cholesterol mobile du cerveau constitue un comparti- 
ment homogene dornt les molecules se renouvellent „au hasard”, on 
peut calculer son 'temps de renouvellement. Celui-ci serait d’environ
4 mois. Nous souligmeroms qu’il s’agit lä d’une approximation. Ein effet, 
non seulement, les seuls resultats ne permettent pas d’effectuer un 
calcul precis, mais encore, les conditions necessaires ä ^application des 
calculs classiques ne somt pas tou'tes remplies. La figure I montre 
1’heterogeneitó des vitesses de transfert. II existe une composainte ra 
pide assurant le renouvellement d’une petite fraction du cholesterol 
mobile, tout au moins en ce qui concerne le cerveau et le nerf scia- 
tique (fig. 3). La cinetique suggere aussi que la composante lente 
principale n ’a, peut-etre pas, la valeur d’une constante. Cette observa
tion touche essentiellement le nerf sciatique et le moelle epiniere. On 
note ä leur propos une legere augmentation de pente entre le 150 et 
le 300e jour d’experience. On s’est demands si eile ne pouvait pas etre 
expliquee par une migration axonale de cholesterol marque eritre, 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 resultats reportes dans le tableau 1 montrent que les 
differences entre les radioac'tivites specifiques du cholesterol des dif- 
ferents segments demeurent dans des rapports constants. En conclusion, 
si une migration axonale existe, eile est de faible amplitude et n’est pas 
detectable par notre methode.

R.S.organe 
R.S. plasma *

3

2

1

Jours

Fig. 3. A grandissem ent de la figure 1 pour les courtes durees d’ingestion
de eh'olesterol-4-u C.

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

Ce probleme a ete traite par la 'technique d’au'toradiographie. Les 
cerveaux omit ete prelev6s sur des rats ayan't ingere un regime conte- 
narnt du cholesterol — I4C peindanit 8 ou 60 jours. Les autoradiogrammes 
dont les figures 5 et 6 fournissent des exemples, montrent que le noir- 
cissememt est tres intense dans certaines regions anatomiques. II y a, 
en fait, une cor respond arnce rigoureuse entre la densite du noircisse- 
merut d ’un autoradiogramme et celle de la coloration de la meme coupe 
obtenue par la technique de iWeigert. Pour etablir cette oomparaison, 
on s’est servi des reproductions figurant dans de livre: „Craigie’s Neuro- 
ana'tomy of the Rat” (Zeman, Innes 1963). Aimsi, le cholesterol mobile 
d’une zone aina'tomique est d’autant plus abondant, que la densite des 
fibres myelinisees de cette zone est elle-meme elevee.

Independamment de cette relation, les autoradiogrammes montrent, 
ä cote des zones ä fibres myelinisees, urn noircissement quasi homogene,
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de faible intensite. Ce marquage est rapidement ob'tenu, eit n ’evolue 
pas d’une faęon appreciable avec le temps. Ain si, une faible fraction 
du cholesterol des rśgions anatomiques pauvres ou depourvues de 
fibres myelinisees, est rapidement renouvelee par transfert. II y a pro- 
balement une correspondance entre cette observation et celle relative 
ä l’exdstence d’une composaimte rapide des vitesses de transfert. Einfin, 
dans ces zones de noircissement de faible intensite, on observe des cou
ches de moindre noircissement. Ces couches sont situees au niveau de 
l’hippocampe et du gyrus dentatus. Elles paraissent correspondre aux 
couches des cellules pyramidales.

5. Localisation cytologique du cholesterol mobile (Droz, Chevallier en
preparation)

Les resultats relates ci-dessus in’impliquent pas d’une faęon certaine 
que le! cholesterol mobile soit celui des couches de myeline. Pour avoir 
des precisions ä ce sujet, on a  utilise la technique d ’autohistoradiogra- 
phie en microscope electronique. Ce travail est en cours dans le labora- 
toire du Professeur Droz. Nous ne rapporterons maintenaint que les 
premiers resultats obtenus. Ceux-ci paraissent mointrer qu’une propor
tion elevee de cholesterol de transfert correspond au cholesterol des 
couches de myeline (figs. 7 et 8).

B — RATS EN, CROISSANCE

I/existence d’une transfert de cholesterol du plasma dans le cerveau 
de jeunes animaux (rat ,lapiin, poulet) a ete prouvee, en particulier par

Pofds
de

l'organe

Concentration
en

Cholesterol

Quantite 
de ,  

Cholesterol

Quantite de 
Choleste'rol 

d’origine 
plasmatique

Quantite de 
Cholesterol 
d'origine 

sgnthetique

-H / -lOmgfa -10 mg -1mg -10 mg \

-0,5g J  

• '

-5<m

r-l ___I_________

-5 mg /

<f\ r

-Ofmg /  

/*l

~ i— t . . . .  _  .

-5mg I

/d/V 5 17 m  5 17 m  5 1718 N 5 1718N 5 17

Fig. 4: Donnees quantitatives concern ant ie  cholesterol diu cerveau duranit la fin  
d e  la v ie  foetale  et le s  17 prem iers jour de v ie  (N : naissamce).
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m a t i e r e
b la n c h e

m a t i e r e
g r i s e

Fig. 5: Autoradiographie d’une section sagiittale d’un hem isphere cerebelleux
d’un rat ayant lingere du ch olestero l-4-14C.

Corpus
callosum —:-----

C om m issüra 
p o s te rio r ------

F asciculus 
re tro f le x u s__

T rac tus  
m am illo- 
thalam icus ----

Columna 
fo rn ic is ---------

B asis  pedunculi 

Lem niscus m edialis

Hippocampus

Ventriculus
la te ra lis

Fig. 6. Autoradiographie d ’une isection -transversale du cerveau d’uin rat, ayant
iingere du ,cholesterol-4-14C.
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Autor adiographie d’uin segm ent du corps calleux d ’un trat ayaint ingere 
du ichioleisterol-3H. (X 51000).

Autoradiographie d ’un segm ent de ganglion -spinal 
du cholestćro l-3H. (X 42000).

d’un ayant ingere
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Davison ©t Coll. (1958, 1959), mais aussi par Dabbing (1963) et par 
Clarenburg et Coll. (1963). Par allleurs, Davison a souligne la persi- 
staince, dans le cerveau d’animaux adultes, du cholesterol marque, 
d’origine plasmatique, depose dans le cerveau des animaux jeunes. De 
no'tre cote, on a etudie ce processus de transfert d ’un point de vue 
quantitatif (Chevallier 1964). Par la methode d’equilibre isotop ique, on 
a precisó les quantites du cholesterol d’origine plasmatique contenu 
dans le cerveau des rats  depuis le 2e jour avant la maissance jusqu’au 
17e jour apres la naissance. Sur la figure 4 sont reportes les resultats. 
On constate que, deux jours avant la naissance, le cholesterol de trains- 
fert represen/te 50 pour 100 du cholesterol du cerveau. L’enrichissement 
en cholesterol de cet organei me commence reellement que quelques 
jours apres la naissance. La syn'these du cholesterol „in situ” repre
sente l’element majeur de l’accroissement. Neanmoins, les transferts 
augmetent aussi. Deux jours avant la naissance, le cerveau contient
0,12 mg de cholesterol d’origine plasmatique; 17 jours apres la nais
sance, il en contient 0,6 mg. A cet age le pourcentage de cholesterol 
de transfert par rapport au cholesterol de toutes origines n ’est plus 
que de 6.

Sigmalons, emfin, que chez le poussin, Kritchevsky et Defendi (1962) 
omt montre, par autoradiographie, la presence de cholesterol tritie dans 
la substance blanche du cervelet.

F. Chevallier

BAD AN IA  NAD PRZECHODZENIEM CHOLESTEROLU Z SUROWICY KRWI 
DO CENTRALNEGO UKŁADU NERWOWEGO U SZCZURA DOROSŁEGO  

I ZNAJDUJĄCEGO SIĘ W OKRESIE WZROSTU

S t r e s z c z e n i e

U dorosłego szczura wymiiaina cholesterolu pom iędzy narządem a surowicą  
krwi jest o sa d n ic z y m  isposobem odnowy komórkowego 'cholesterolu. Cholesterol 
ceintiralnego układu nerw owego mŁe stanowi w yjątku  >od «tej reguły. Jednakże na 
tym  poziom ie, proces ten charakteryzują dwie cechy: Z jednej strony, gdy jedna  
z frakcji cholesterolu odnawia się następująco: 23, 12, 15% odpowiednio dla 
mózgu, rdzenia kręgow ego ii nerw u kulszowego, to z  drugiej strony szybkości 
w ym ian są  n iew ie lk ie . Szybkości te odpowiadają podanym  w yżej odsetkom  i  n ie  
mogą być określane przed upływ em  roku oodziiennego podawania cholesterolu  
znakowanego UC. Wykazano «też, że (transport p lazm a-m ózg jest isprzężony 
z transportem w  kierunku odwrotnym  m ózg-plazm a. W yjaśnia to dobrze m ech a 
nizm odnowy poprzez w ym ianę lub zasitąpienLe. Spostrzeżenia 'te potw ierdzają  
także w zględną nieprzenikliwość bariery mózgowej.
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Otrzymane w ynik i pozwalają .na określenie, czy frakcja cholesterolu mózgo
w ego podlegająca w ym ianie przez przemieszczenie została zlokalizowana w  ja
kiejś szczególnej okoldicy anatom icznej. Próby rozw iązania tego  problemu doko
nano za pomocą awtoradiiografii z 14C. Stwierdzono, że zaczernienie klisz było 
ściśle proporcjonalne do gęstości w łókien m ielinowych. Dla uzyskania większej 
dokładności lokalizacji cholesterolu podlegającego w ym ianie na poziom ie stref 
w łók ien  miellinowych rozpoczęto dośw iadczenia z zastosow aniem  autor a diogma fii 
w  mikroskopii elektronowej z użyciem  cholesterolu znakowanego itrytem. Praca 
ta jest w  toku przy w spółpracy z B. Droz.

IIIeBajibe O .

MCCJIEftOBAHMfl H A ß ÜEPEXßOM  XOJIECTEPMHA M3 KPOBHHOM
IIJIA3MBI B DiEHTPAJIBUyiO HEPBHYIO CMCTEMY B3POCJIOM KPBICBI 

M BO BPEMH B 03P A C T A

C o ^ e p j K a H M e

y  B3pocjioM Kpbicbi oÓMeH xojiecTepMHa Me?K/];y opraHOM u kpobhhom njia3Mofł 
HBJIHeTCH OCHOBHbIM CnOCOÖOM OÖHOBJieHMH KJieTOHHOrO XOJieCTepMHa. XoJieCTepiIH 

i^eHTpajibHOM HepBHOił CMCTeMbi He MCKJHoneHMe ot 3Toro npaBMJia. OflHaKO Ha 3tom 
ypoBHe npoLjecc xapaKTepn3yeTcn flByMH cbaKTopaMH. C oahom ctopohbi o^Ha h3 

cppaKU,nM xojiecTepMHa o5hobjih6tch cjie^yiOLUMiM nyTe: 23, 12, 15'n/o cooTBercTBeHHO 

^jih rojiOBHoro M03ra, cnMHHOro M03ra u  ceflajiwmHoro HepBa. C flpyroü CTopoHbi ck o -  

pocTH oöMeHOB HeBejiMKM. CKopocTM 3tm cooTBeTCTByioT npMBe^eHHbiM Bbiiue np o-  
i^eHTaM M He MoryT SbiTb onpe/jejieHbi paHbrne HeM cnycTH ro^a eraeflHeBHOro n puM e-  

HeHMH xojiecTepMHa MeneHHoro 14C.

Il0Ka3aH0 TaKJKe mto TpaHcnopT BemecTB b HanpaBjieHMM KpoBHHaa nJia3Ma- 

-rojiOBHOM M03r conpnjKeH c TpaHcnopTOM B oópaTHOM HanpaBJieHMM. 3 to xop om o  

oórbHCHHeT MexaHM3M oÓMeHa nyTeM 3aMemeHHH mjim oShobjichhh. HacTOflinwe Ha- 
ÖJHO^eHMa n0TBep»cflai0T TaKJKe OTHOCMTejibHyio HenpoHMKHOBeHHOCTb reMaT0-M03- 

roBoro Sapbepa. nojiyneHHbie pe3yjibTaTbi no3BOJiHioT onpe^ejiMTb b KaKofi cTeneHii 
cjDpaKUMH xojiecTepMHa noflBepraiomerocH oÖHOBjieHMio nyTeM nepeMemeHMH jioKa- 

jiM3npoBaHa B KaKOfi-TO onpeAejieHHOM oßjiacTM rojiOBHoro M03ra. IIonbiTKH pemeHMH 

3TOH npoóJieMbi npoBefleHbi c noMoujbio aBTopa/jMorpacjpMM c 14C. KoHCTaTwpoBajiM 

HTO 3aHepHeHne njieHOK 6bijio CTporo nponopijMOHajibHO k  rycTOTe MwejiHHOBbix 
BOJIOKOH.

HanaTbi onbiTbi MeTOflOM aBTopaflworpacjDMH b ojieKTpoHHOM MMKpocKonnn c npw- 
MeHeHMeM xojiecTepMHa MeneHHoro TpMTweM. PaßoTa Be^eTCH b coTpy^HMHecTBe 
c B. ßpos.
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D, A. CHETVERIKOV, V. Ya. DVORKIN, S. V. GASTEVA

COMPARATIVE STUDIES ON PHOSPHOLIPIDS
IN MORPHOLOGICALLY DIFFERENT AREAS OF THE BRAIN

I. P. Pavlov Institute of Physiology USSR Academ y of Sciences, Leningrad, U SSR

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 (ONS) 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 the earlier ontogenetic 
stages are rather similar with respec't ito 'their phospholipid content, it 
is only during myelinization ithat 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 nerve 
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 
charaoter 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 |iC 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 n-g 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 (pig) 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 ±  3 118 ±  5
Phosphatidylcholines 696 ±13 696 ±18
Diacyl forms of aminophospholipids 520 ±11 589 ±18
Plasmalogen forms of aminophospholipids 326 ±  6 823 ±21
Sphingomyelins 111 ±  3 244 ±  6
Phosphatidylinositols 144 ±  8 255 ±  3
Phosphatidopeptides 18*8 ±  1-0 137-5± 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, 
phospha'tidopeptides laind sphingomyelins in the medulla. There is no 
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
cortex

Medulla P*)

Total phospholipids 2-86±0-16 2-25±0-13 <0-01

Phosphatidic acids +  polyglycerophoshatides 5-30±0-60 7-14±0-74 0-05 < P  <0-1

Phosphatidylcholines l-72± 009 2-05±0-ll < 0 0 5

Diacyl forms of aminophospholipids l-40±0-12 1-55±(H3 > 0 1

Plasmalogen forms of aminophospholipids 0-75 ±0-07 0-53 ±0-05 < 0 0 5

Sphingomyelins 0-38±0-04 0-32 ±0-02 > 0 1

Phosphatidylinositols 18-4 ±1-2 7-05 ±0-51 <0-001

Phosphatidopeptides 29-9 ±2-0 25-0 ±0-5 > 0 1

*) 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 values 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 values of every phospholipid fraction in 
the brain cortex and in the medulla it is seen that the most marked 
difference is in the phosphatidyliinositol fraction, the iturnover rate of 
which in the brain cortex is about 2 5 times that in the medulla. 
The RSA of aminoplasmalogems and phosphatidopeptides in the brain 
cortex is somewhat higher while tha t of phosphatidic acids +  poly
glycerophosphatides and phosphatidylcholines somewhat lower than in 
the medulla. The intensity of turnover of diacyl forms of aminophos- 
phoiipids 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 those 'two regions.

The most marked differences are observed with respect to the 
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 ethainolamme plasmalogens (iWebstei 
1960), we can therefore consider that the  latter are responsible for the 
difference in the phospholipids content in the brain regions which 
markedly differ from each other in the number of myelin structures, 
Indeed, it has been shown by Norton and Autilio (1966) that the 
ethanolamine plasmalogens predominate in the myelin among all other 
individual phospholipids and account for about one third of their 
total amount.

Another phospholipid the content of which in the medulla is more 
than twice tha t lin 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 nonmyelinated 'formations of the nervous 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 neurons 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, namely 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 pbosphotidic acids +  polyglycerophosphatides,
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phosphatidylcholines. There are data in the literature (Mandel, Nuss
baum 1966) indicating thei turnover rate of polyglycerophospha tides 
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 nervous 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 m atter (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 nervous 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. ChetverLkov, V. Ya. Dvorkin, S. V. Gasteva

PORÓWNAWCZE BAD AN IA  LIPIDÓW W RÓŻNYCH MORFOLOGICZNIE  
STRUKTURACH MÓZGU

S t r e s z c z e n i e

Badano zawartość i  in tensyw ność m etabolizm u niektórych .rodzajów fosfo 
lipidów  w  korze półkul m ózgowych i rdzeniu przedłużonym  szczurów. Wybrano 
do badań struktury istotn ie  różniące się od sieb ie  zaw artością komórek nerw o
w ych ii w łók ien  a itakże stosunkiem istoty  szarej do białej, jak i  charakterem  
elem entów  glejow ych. Wykazano, że zaw artość w olnych fosfolip idów  w  rdzeniu  
przedłużonym jest około 1,5 raza większa niż w  korze półkul mózgu, przy czym  
70% tej różnicy odnosi się  do plazm alowych form am inofosfolipidów, podczas gdy  
zawartość form dwuacylowych am inofosfolipidów  w  rdzeniu przedłużonym była  
niew iele tylko wyższa od zawartości ich w  korze półkul.

Neuropat. Pol. 3 5
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Zawartość frakcji kw asów  fosfaitydowych, poliglicerofosfatydów , fosfoinozytoli, 
fosfatydopeptydów  oraz sfingom ielin  w  rdzeniu przedłużonym  jest średnio dwu
krotnie w iększa od zaw artości w  korze; zawartość lecy tyn  jest jednakow a w  obu 
badanych strukturach.

P o ró w n u ją c  wantoścti w z g lę d n e j  r a d io a k ty w n o śc i  w ła śc iw e j  (WRW) n a jw ię k sze  

różn ice  p o m ięd zy  korą  a rd z en ie m  p rzed łu żo n y m  s tw ie r d z o n o  dla fr a k c j i  fo s fo in o 
zy to li ,  k tó rej W RW  w  k o rze  b y ła  2,5 raza w ię k sz a  od W R W  rd zen ia  p r z ed łu żo 
nego. W ielkość  W R W  dla p la z m a lo w y ch  amiinofoisfo lip id  ó w  ii fo s fo p ep ty d ó w  

w  korze m ózgow ej je st  n iezn a czn ie  w ięk sza , a dla k w a só w  fo s fa ty d o w y c h  i le c y 

ty n  m n ie jsza  niż w  rd zen iu  p rzed łu ża n y m .

In ten sy w n o ść  m e ta b o liz m u  grup  fo sfo r o w y c h  d w u a e y lo w y eh  fo s fo lip id ó w  

i sfiingomieliin je st  jed n a k o w a  w  ob u  b a d a n y ch  stru k tu ra ch .

W p racy  p r z ed y sk u to w a n o  o so b liw o śc i  z a w a r to śc i i  m eta b o lizm u  p o szc z eg ó l 
n ych  fr a k c j i  fo s fo l ip id ó w  w  r ó żn y ch  m orfo log iczin ie  str u k tu r a ch  cen tra ln eg o  

u k ła d u  inerw ow ego.

R. A. HeTBepMKOB, B. H. .Ubopkmh h C. B. TacTeBa

CPABHMTEJIbHOE H3yHEHME OOCOOJIMiiMßOB B MOPOOJIOmHECKM 
PA3JIMHHbIX y^ACTKAX TOJIOBHOrO M03rA

C o f l e p * a H M e

Bbijio M3yneHO coflepxcaHMe u  MHTeHcnBHOCTt> oÓMeHa oTßejibHbix npeflCTaBMTejiefł 
tb o cd )O jiM n n flO B  (<2>JI) B K o p e  6ojibLUMx nojiyuiapMM u n p of lO J ir oB aT O M  M 0 3 r y  K p t i c -  

OT^ejiax qeHTpajibHOM HepBHoił cncTeMbi, cymecTBeHHO orjiMnaiomMXCH ^pyr ot flpyra 
no co^epjKaHMK) HepBHbix kjictok u npoBOflHMKOB, cooTHomeHMK) ceporo M B e j i o r o  Be- 

mecTBa u xapaKTepy rjmaJibHbix ajieivieHTOB. Il0Ka3aH0, hto coflepjKaHiie cyMMapHbix 
OJI B n po f lO J ir o B a T O M  M 0 3 r y  npmviepHo b 1,5 p a 3 a  Bbinie, neM b K o p e  Sojibuinx 

nojiymapnił, npuneM okojio 70°/o stom pa3HHijbi othochtch 3 a  cneT ruia3MajioreHHbix 
cJpopM aMMHOcboccJjojiMnMflOB, Tor,n;a KaK coflepjKaHMe flnaunjibHbix <£>omp 3mhho- 

<£>oc(|)OjmiTWflOB B npoAOJiroBaTOM M03ry 6 b i j i o  Jimub He3Han:nTejibHo B b i i u e ,  n e M  

B K o p e  S o j i b u i M x  n o j iy u ia p M M .

CoflepHcaHMe cbpaKijMti <ł>occ£>aTM,zjHbix kmcjiot +  nojmrjmijepocboccbaTMAOB, c£>oc- 

4)0MH03HTMß0B, CjDOCCjDaTMflOnenTMflOB M CC|)MHrOMMejIMHOB B npOflOJirOBaTOM M 0 3 r y  

B cpe^HeM B 2 p a 3 a  Bbirne, neM b Kope; coflepjKaHwe jieijMTHHOB o^MHaKOBO b o 6 o h x  

wccjie^oBaHHbix oTflejiax.

npM CpaBHeHMM BeJIMHMH OTHOCMTejIbHOM y^eJIbHOH paflMOaKTMBHOCTM (OYP)
HaMÓOJibuine p a 3JiMHMH Meatfly kopom u  npoflOjiroBaTbiM M03r0M o 6HapyjKeHbi flJiH 

cJppaKHHM (J)0C<J)0nH03MTMA0B, BeJiMHMHbi O Y P  Kotopom B Kope SojibuiMX n o jiy iu ap m i  
SbijiM B 2,5 p a3a Bbirne, neM b npoAOjiroBaTOM M03ry. BejiMHMHbi O Y P ^jih nJia3Ma- 
jioreHHbix aMMHOcbocdJOJinnM^OB m cfc>occj?aTHfloneirrM,n;oB b Kope SojibHiwx n o j iy -  

uiapMM He3naHMTejibHO Bbirne, a ^jih dpoccbaTMflHbix km cjiot m jicijmthhob —  HKJKe, 
HeM b npofloJiroBaTOM M03ry.

ÜHTeHCMBHOCTb o6M eH a cjpoccjDaTHbix r p y n n  flw aijH JibH b ix  aMMH0d)0C<i>0JiMnn;;0B 

w ccJjHHroMwejiMHOB o^MHaKOBa B o 6 o m x  o T ^ e j ia x  M 03ra . OöcyjKßaiOTCH 0 C0 6 eHH0 CTH 

coflepjK aHM H w oÖMeHa o T fle j ib H b ix  c b p a K ijn ii  <3>JI b  M op d ?ojiorn H ecK n  pa3JiH H H bix  

y n a c T K a x  ijeHTpajibHOM H ep B H ofi cucT eM bi.
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In examinating inborn errors of metabolism as a cause of de- 
myelimatiing 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 not 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 
subeellular 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 altogether.

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

http://rcin.org.pl



280 H. Jatzkew itz

t u r n o v e r
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c h  r p m o s o m  e 
p a i r  ( o  =  g e n e )

a n a b o l i c
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e n z y m e

catabol i c 
- / Aenzyme

i n h e r i t a n c e

A + B

- 0 -

d o m i n a n t

/  =  d e f e c t

Fig. 1. M etabolic-endoproduct (C) accumulation in diseases caused by deficient 
structural genes, inducing the catabolic enzym e (left: recessive; right: dominant

i n h e r i t a n c e ) .

t u r n o v e r  ■«

cerebroside sulphate 

cerebroside sulphate 

cerebroside sulphate 

cerebroside sulphate

ce re br os id e  ■ /-
su Iphot ransferase  

cer eb ro s i der/. h-
sul phatase

ch r om os om e  
pair (o = gene)  
/ = de fe ct

cerebroside + PAPsulphate 

cerebroside + sulphate

Fig. 2. D iseases caused by deficient structural genes inducing either the anabolic 
(left) or the catabolic (right) enzyme. Left: D eficient anabolic enzym e (cerebroside 
su lp ho-transferase activity) leading to m etabolic-endproduct (cerebroside sul
phate) d efic iency  in patients w ith  K rabbe’s {— globoid) leukodystrophy. Right: 
D efic ien t catabolic enzym e (cerebroside sulphatase activity) leading to a m eta
bo lic-endproduct (cerebroside sulphaite) accum ulation in  patients w ith  m eta-  
chrom atic leukodystrophy. PA Psulphate =  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 m atter 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 m atter were nearly 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 et al. 1965).

W W W \ A
O HO— C — N

V V V V \ A A A A / V ^ A  h n —  c — w

ę t f i -  Q- \  3H attack of the enzyme

Cerami de galactose 3 sulphate 
cerebroside sulphate (I )

V ~ attack of.ihe enzyme 

o-^sqf 

2-hydroxy-5-nitrophenyl sulphate (II)

Fig. 3. Substrate (I) of cerebroside sulphatase and (II) of its heat-lab ile  com ponent,
arylsulphatase A.

O -S O

In Fig. 3 the chemical structure of the aforementioned substances 
is shown: cerebroside sulphate, which is accumulated in metachromatic 
leukodystrophy (the negatively charged S 0 3-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 leukody^trohpy, Austin et al. (1963) found that an
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enzyme, arylsulphatase A, which splits 2-hydroxy-5nnitrophenyl 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 usual 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 PHOSPHATASE
SULPHATASE ACTIVITY

y  moles l g I hu moles I q  I hA u moles Ig Ih 
*

rryj m o les  /g /hv  

©

5 0 -

30-3 -

©
O
©

30-

20 -

2 0 -

5 -

% 1 0 -

1 0 -

2 i 3 j 41 6{ 7j  8 CQ5
CONTROLS MLCONTROLS ML CON TROLS CONTROLS ML

Fig. 4. D eficiency of cerebroside sulphatase activity and arylsu lphatase A  activ ity  
in  renal cortex  in  cases  o f metachromatic leukodystrophy (ML). N um bers in  
circles (control patients) and those in  isquares (M L-patients) refer to  the  case  
numbers (see: Jatzkeiwiiitz and Mehl, 1969). The enzym ic activ ities are related to

fresh tissue w eight.

The disease is a generalized one with regard to enzyme deficiency 
and accordingly to the 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

m o l e s  / g / hmjj moles lg Ih j j  m o l e s / g / hjd m o l e s / g / h

i . O -

2.0 - 10-

0 .8 -

15-1.5 -
0.6-

1.0 -1.0 -
0 .4 -

0 .5-0 .2 -

C O N T R O L S  M L C O N T R O L S  M L C O N T R O L S  M L C O N T R O L S  M L

Fig. 5. D effic iency of cerebroside sulphatase activity and arylsulphatase A 
activity in cerebral w h ite  m atter in  cases of metachromaitiic leukodystrophy (ML).

For further detaiiLs compare tex t o f Fig. 4.

Morphological examinations indicated /that the lysosomes of the 
oligodendrocytes might be primarily affected in the disease (Resibois 
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 a t 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).

QSulphatide
UCerebroside

24

W £

Fig. 6. Total glucolipid content in form alin -fixed  brain w hite  m atter and kidney  
of M L-patients, expressed in percentages of dry w eight in relation to onset of 

clinical sym ptom s and age ait death F (yeans).

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 tha t 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 th a t the older patients are hetero
zygotes (Fig. 1, right) and accordingly only half of the amount of the 
catabolic enzyme might be defective.

Acknowledgem ent: I gratefully  acknowledge the perm ission by Pergam on Press 
to reproduce Fiigs 4, 5 and 6 from th e  Journal N eunochem istry.
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W R O D Z O N E  N IE P R A W ID Ł O W O ŚC I M ETA B O L IC Z N E  JA K O  P R Z Y C Z Y N A  

C H O R O B Y  D E M IE L IN IZ A C Y JN E J

S t r e s z c z e n i e

L eu k o d y stro fie :  m eta ch ro m a ty czn a  i g lobo ida lna  zosta ły  w y b ra n e  jako
przy k ła d y  w r o d z o n y c h  n iep ra w id ło w o śc i m etab o liczn ych  p o w o d u ją cy ch  d em ie lin i-  

zację. D e fek ty  e n z y m a ty c z n e  p o w o d u ją ce  sptichr,zianie lu b  p ra w d o p o d o b n y  b rak  

su lfa ty d ó w  w  ty c h  d w u  jed n ostk ach  ch o ro b o w y ch  s ta n o w ią  p o d sta w ę  rozw ażań .  
W yk azan o  w  leu kod y istro fii m e ta chr om atyoanej (inerka ii m ózg), że  en zy m  kaita- 

boliizujący o d p o w ied z ia ln y  za rozk ład isu lfatydów  b y ł  zred u k o w a n y  do gramie 

w y k r y w a ln o śc i  (1— 6°/o) w a r to śc i kon tro lnych . I lo śc io w e  badania  po d w y ższo n eg o  

poz iom u su lfa ty d ó w , sp o w o d o w a n eg o  brakiem  tego  en zy m u  w  zd em ie lin izo w a n ej  

is to c ie  b ia łej  m ó zg u  ii w  n erk a ch , n ie  w y k a za ło  zrwiązku p o m ięd zy  ilo śc ią  n a g ro 
m a d zo n y ch  isu lfa tyd ów  a przeb ieg iem  kliiiniioznym oraz czasem  trw a n ia  choroby  

lub  też  w ie k ie m  z ejśc ia  śm ierte ln eg o  (aż do w ie k u  la t 20). W p ra cy  p r zed y sk u 
to w a n o  r o zm a ite  a sp ek ty  g e n e ty cz n e  tego problem u oraz c zy n n ik i  p o w o d u ją ce  

w zm ożon ą  chorobę dem iielin izacyjm ą.

T. HijKeBHij

BPO^K^EHHBIE METAEOJIMHECKME ^ E ^O E K T B I KAK IIPMHJIHA 
£EM M 3Jm3ALi;J10HH0lł EOJIE3HM

C o f l e p x a H H e

M e T a x p o M a T M H e c K a H  u  K p y r j i o K J i e T O H H a a  j i e ü K O ß M C T p o c b m i  B b i ß p a H b i  K a K  n p w -  

M e p b l  B p O J K ß e H H b lX  M eTaÖO JIM H eCK M X  nopOKOB BbI3bIBaiOmMX fleM M 3JIH H H 3aiJH IO . 3h3M- 

M a T M H e c K w e  n o p o K M  B b i3b i B a K > m w e  H a r p 0M0J K # e H n e  h j i h  > K e  B e p o H T H b r i i  H e x B a T O K  

C y J Ib C jD a T M ^ O B  B 06e w x  6o J i e 3H H X  H B M JIH C b  OCHOBOM paCCyjKfleHMM. I I O K a 3a J IM ,  4T0 

B M e T a x p O M a T M H e C K O M  J ie Ü K O f lM C T p O C b W H  (M 03r  M  n O H K M )  K a T a 60JIM3H p y i0LUMfł < £ > e p -  

M e H T  O T B e T C T B e H H b i f i  3a  p a 3J i o H c e H w e  c y j i b i J i a T M f l O B  6b i j i  p e ^ y i ^ u p o B a H  30 r p a H M i j b i  

onpeaejiaeMOCTM (1— 6°/o) KOHTpoJibHbix bcjihhmh. KojiMHecTBeHHoe MCCjieflOBaHwe n o -  

BbiiueHHoro ypoBHH c y j i b t J i a T M f l O B  B b i3B a H H o r o  H e f lO C T a T K O M  y n o M a H y T o r o  ( J j e p M e H T a  

E A eM M 3JIIlH M 3M pO B aH H O M  ÖeJIOM M03r0B0M B e i l je C T B e  H e  nOTBepAMJIO CymeCTBOBaHMH 

CBH3H MCJKfly KOJIMHeCTBOM HaKOnJieHHbIX CyjIbCjpaTHßOB a KJIMHMHeCKHM TeneHMeM 

u  B p e M e H e M  n p o T e K a H H H  6o j i e 3HM h j i h  B03p a c T 0M  c M e p r a o r o  n c x o # a  ( a o  B03p a c T a  

20 jieT ). B p a ó o r e  oöcyjKßaiOTCH pa3Hbie reHeTHHecKwe acneKTbi 3Toro B o n p o c a  K a K  

H (baKTOpbl BbI3bIBaiOIHHe yCMJieHHyK) AeMM3JlMHM3aUMOHHyiO 6 o jie 3 H b .
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lit is known that in demyelina'ting 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 unsubätituted and hydroxy) and 
unsaturated fatty acids (polyunsaurated and monoenoic, mainly oleic) 
is decreased (Davison, Wajda 1962, Gers'tl et al. 1963, 1965, Cumings 
et al. 1965, Amaducci et al. 1965, Kishimo>to ejt al. 1967).

The present research was undertaken ito get an insight into 'the 
phenomenon of cholesterol esters formation in brain white matter 
during demyelina'tion.

Our data concern quantitative cholesterol esters determination and 
their fatty acid composition in white m atter 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, sudainophilic leucodystrophy 
and infantile amaurotic idiocy.

MATERIALS AND METHODS

Specimens of white matter from 5 normal 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 Ailing 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 using 20% butanediol succinate on chromosorb iW 
columns at working temperature of 183°C and N2 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:l, C20:l 
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:l fatty acids of cholesterol esters 
was of basic importance, it seemed necessary to substract in each chro
matogram the part of the C l6:1 and C18:l peak due to the background.

Correction was done by evaluating in each cholesterol esters 
chromatogram the peak with carbon number Cl 6:2 which was found 
to be the highest peak of the background chromatogram, and which 
did not correspond 'to any fatty acid known to 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 C l6:0 peak of contaminants 
exceed that of the C18:l. The C14:0 and C l5:0 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 normal 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 normal 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 a n d  fatty acid composition.
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Table 1

% Cholesterol esters
5 Normal adults 

(18—43 years old)
MS specimens (4 brains, from 25- 

patients)
—54 y. old M.L.

7y .
Garg. 
15 y.

Ort.L. 
25 y.

IAI
3-5 y.

Free cholesterol 0-2 1-2 1-4 7-1 10-2 14-7 31-2 38-1 10 1-9 2-7 50 4 0

Fatty acid 

C16 : 0

mean ±  S. D. 

33-6 5-4 30-4 30-8 21-9 21-5 21-0 20-7 20-0 50-1 42-2 24-4 25-9

C16 : 1 9 0 4-1 9-8 5-9 4-9 3-3 11-0 2-4 2-7 6-4 4-2 130 6-0 5-3

C18 :0 61 3-6 3-6 6-7 6-9 4-9 4-2 2-5 7-0 5-3 9-5 51 4-4 4-5

C18 :1 29-2 5-1 36-4 41-4 41-2 46-5 48-0 52-1 48-9 22-0 33-8 28-3 57-6 55-2

C20 :1 10 0-6 — 0-7 2-2 2-0 1-1 2-1 3-0 7-7 1-5 2-8 0-7 10

C20 :2 tr. — — 1-8 0-5 1-2 2-3 0-7

C20 : 3 tr. 2-4 — 0-8 — 2-5 3-1 0-3

C20 :4 12-2 4*6 8-5 3-7 6-1 6-9 5 0 4-1 4-1 0-9 2-8 1-4 1-8 2-2

C22 : 1 1-3 10 0-6 1-5 0-9 0-7 — — 0-7 1-9 1-1 1-0 0-5 0-5

C22 : 3 1-2 1-2 tr. — 1-9 0-8 0*7 0-9 10 tr. 0-7 1-3 tr. tr.

C22 :4 1-8 1-3 6-7 — 3-9 3-3 0-6 1-0 3-8 1-9 41 1-7 3-6 4-2

C22 : 5 (n -  3) 2-8 1-3 1-3 6-1 4-5 6 0 3-5 5-4 4-7 2-9 — 2-2 1-0 1-2

C22 : 6 2-0 1-5 0-4 3-1 3-0 3-5 1-0 3-5 3 0 3-0 --- 9-4 tr. tr.

Fatty acid composition of cholesterol esters in white matter

290 
P. 

B
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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 sudainophilic leucodystrophy. The latter results 
should therefore be considered as preliminary. Figure 1 shows the 
cholesterol ester fractions on TLC according to Ailing et al. (1968). 
1 refers to human plasma cholesterol esters, in which the main band 
has been demonstrated (Ailing 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 normal cholesterol esters pattern (3) shows main bands cor
responding to saturated and monounsaturated fatty acids, confirming 
once more GLC analyses where C16 : 0 and Cl 8 :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 tha t reported by us. However it seems tha t the percen- 
tual content of individual fatty acids in MS cholesterol esters cor
responds to our normal values, where the main fatty acids are C l6:1, 
while in our MS specimens the Cl 8:1 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 concerned, several determinations 
give evidence of a higher and almost similar content of C16:0 and 
C l8:1 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 normal white 'matter cholesterol esters sharply differing 
from that of plasma cholesterol esters excludes the possibility that the 
pattern of normal 'brain cholesterol esters fatty acid might be con- 
tamined by blood rem nants din white matter; moreover, cholesterol 
esters in erythrocytes are known to 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 arachidomie, those of samples with high cholesterol esters 
oontent showing oleic acid content around 50%, and a third grouip of 
pathological specimens with lower cholesterol esters oontent, 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 demyelimation 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 C l8:1, 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 not 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 th ird  group of chole
sterol enters 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 ithat 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- 
matograjphic analysis might be in some way affected by nonfatty 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

# Hi

Fig. 1. TLC of cholesterol esters components of hum an plasm a (1); MS w hite  
matter (2); normal adult w hite  matter (3); in fantile  am aurotic 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 ia 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, th a t '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 now '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 not 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 exception 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 new 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 ChevaHier 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:l fatty  acids in white matter total phospholipids 
and lecithins in multiple sclerosis; this supplementing our report on 
the C l8:1 increase in white matter cholesterol enters in the same
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disease. The mechanism postulating phospholipase A activation might 
therefore be involved both in the C l8:1 depletion of phospholipids 
reported by these authors and the preferential C18:l uptake in newly 
formed cholesterol esters in demyelination.

P. Borri, G. Maoc hi, M. Taram elli

SK Ł A D  KW ASÓW TŁUSZCZOWYCH MÓZGOWYCH ESTRÓW CHOLESTEROLU  
W NIEKTÓRYCH ZABURZENIACH NEUROLOGICZNYCH Z USZKODZENIEM

MIELINY

S t r e  is z c z  e n  i 0

Przeprowadzono analizę estrów  cholesterolowych kw asów  tłuszczowych na 
m ateriale autopsyjnym  istoty białej mózgu z przypadków stwardnienia rozsianego, 
diziieoięcej choroby Tay-Sachisa, leukodyis'trofii m etaahrom atycznej ii m aszkaroniz- 
mu i porównano w ynik i ze składem  kw asów  tłuszczow ych estrów cholesterolu  
z praw idłow ej isto ty  b iałej. G łów ne 'różnice dotyczą kw asów  monoeinowych i n ie 
nasyconych.

P od jęto  też  próbę określenia bezw zględnych ilośc i estrów  cholesterolu  i innych  
lip idów  m ózgu celem  upew nienia isiię o istnieniu w spółzależności (pomiędzy spad-  
kiiem zawartości niektórych kw asów  tłuszczowych w  fosfolipidach ii w zrostem  ich 
zaw artości w  grupie estrów  cholesterolu.

n .  Eoppw, T. MaKKw, M. TapaMSJiJiM

COCTAB 2KMPHLIX KMCJIOT 33>HPOB XOJIECTEPHHA B HEKOTOPBIX  
HEttPOJIOrMHECKHX PACCTPOttCTBAX nPOTEKAIOIIJMX C MM3JIMHOBLIM

KOMnOHEHTOM

Cof l epxaHwe

npoBeAeH aHajiM3 jk m p h lix  k m c jio t 3c£>mpob xojiecTepMHa Ha cckijm ohhom  Ma- 

Tepwajie Sbijio  Bem ecTBa rojiOBHoro M 03ra  CO CJiynaeB paccenHHoro cKjiepo3a, aeTCKoii 
aMaypoTMHecKofł m^mothm, MeTapoMaTMHecKoü jieiiKOflMCTpocbMM m rapronjin3Ma. 
Pe3yjibTaTbi cpaBHeHbi c cocTaBOM m w p H b ix  km c jio t 3c£>mpob xojiecTepMHa H opiw ajib- 

Horo 6ejioro BemecTBa M03ra. TjiaBHbie pa3JiwHHH KacaiOTca ajmcbaTMHecKMx m HeHa- 
Cbim eHHblX HCHpHblX KMCJIOT.

npeflnpMHHTa nonbiTKa onpeflejieHwa aScoJiiOTHbix kojimhcctb 3d)MpoB xoJiecrepMHa 

M APyrMX M03r0BbIX JIMÜMflOB IjeJIbK) ITOTBepjKfleHMH CymeCTBOBaHMH B3aMM0CBH3II 
MeJK^y CHMJKeHMeM COflepjKaHMH HeKOTOpbIX JKMpHblJK KMCJIOT C|)OCd?OJIMnMAOB M yB e-  

JiMHeHMeM MX co^epjKaHMH B 3c£>Mpax xojiecTepMHa.
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STUDIES ON THE SPECTRUM OF GLOBULINS 
IN ENCEPHALOMYELITIS DISSEMINATA

D epartm ent of N eurology and Psychiatry M artin-L uther-U niversity —
Halle—Wittenberg DDR

Spectrum of y-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 
y-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 chromic form. Later statistical evaluation of the 
results of the fluid and serum agar electropherograims was carried out 
by the U or T-test.

T =  1,98 corresponds to a 5% probability. Calculation of the normal 
values was done on the basis of 23 cerebrospinal fluids >and 40 sera 
from patients without any neurological and psychiatric symptoms. The 
results concerning cerebrospinal fluid were normal. 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 y2- to y5-globulin 
fraction with a peak of y3.
Table 2 shows in 28 subacute cases a significant increase of y-gto- 
bulin fraction including the Yi-globulin band. Here also the peak lies 
at the Y3-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 T

V 4-81 4-34 0-83
Alb. 69-12 61-93 1-61

a, 4-85 3*79/ 2-11

a2 4-68 4-24 0-29
ß 7-61 6-66 1-53
S 3-88 3-92 0-29

Y> 1-23 1-48 0-62

Yi> 0-92 1-13 1-31
t2 0-92 2 -6 3 / 3*04

Y3 1-33 5 - 3 7 / 4-30

Y 4 0-46 2 -6 2 / 3 59

Ys 0-17 0*78 / 1 m 7
------ --

n =  Number of cases ; M =  Mean value in relation %.

Table 2. Statistical evaluation of the spinal 

fluid agar pherograms in chronic multiple 

sclerosis

Table 3. Statistical evaluation of the spinal 

fluid agar pherograms in chronic multiple 

sclerosis

n =  N umber of cases;
M =  Mean value in relation °/{

M n =  23 M n  =  28 T Mn = 2 3 M n =  35 T

V 4-81 5-54 0-97 V 4-81 5-62 1-01
Alb. 69-12 5 9 -6 0 / 3-90 Alb. 69-12 6 1 1 4 / 401

4-85 4-83 (WO “i 4-85 4-37

a2 4-68 5-18 0-89 a2 4-68 5-51 1-85
ß 7-61 6 -5 0 / 2-44 ß 7-61 6-91 1-82

8 3-88 "^23 (Wtó 8 3-88 4-16 0-24

Yi 1-23 1-36 0-76 Yi 1-23 1-74 006

Yi, 0-92 1 -2 2 / 3-70 Yi, 0-92 1 -4 1 / 2-90

Yz 0-92 ~2-17/ 3 09 Y2 0-92 1*80 / 2-29

Yj 1-33 ”̂ 8 2 / 5 00 Y3 1-33 1 0 8 / 4-66

Y4 0-46 ~ V 6 2 / +02 y4 0-46 2 -2 8 / y 09

Ys 0-17 i 0 - 9 1 / ^ 6 3 Y5 0-17 0 -5 4 / 2-48

n =  Number of cases;
M =  Mean value in relation °/.

Statistical comparison of 'the significantly increased fractions, is not 
significant except for a 04-globulin diminution in acute cases (Table 4).
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Fig. I. Correlation of y -globulin  fractions in 
acute, 'subaeute aind chronic m ultiple sclerosis 

form s.

The globulin spectrum of 'the c.s.f. fractions shows in all courses 
a maximum in the 73-part inclusively with an increase of Yi- to 
Ys-globulin bands. The single case of Y3-globulin augmentation reported 
in the literature, is difficult 'to interpret. The three forms show largely 
conform behaviour of the globulin spectrum so ithat ithe 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

T M
acut

M
chron

T M
subacut

M
chron

T

Alb. 61-93 59-60 0-33 Alb. 61-93 61-14 0-48 Alb. 59-60 61-14 0-31

a , 3-79 4*83 2-56' 3-79 4-37 2-64 a, — — —

ß 6-66 6-50 0-90 ß — — ß 6-50 6-91 1-12

Ti 113 1-22 0-77 Ti 113 1-41 1*26 Ti 1-22 1-41 0-91
Y 2 2-63 2-17 0-79 y 2 2-63 1-80 1-37 Y 2 2-17 1-80 1-03
Y j 5-37 5-82 0-33 Y3 5-37 4-18 0-90 Y 3 5-82 4-18 1-17

Y  4 2-62 2-62 0-18 Y4 4-28 2-62 0-87 Y 4 2-62 2-28 0-98

y 5 0-78 0-91 0-45 Ts 0-78 0‘54 0-91 y 5 0-91 0-54 1-16

M =  Mean value in relation %
t !  '■- i

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 relevant.

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 Y-globulin. Y-Globulin bands could only be visualized in 
single cases in contrast to the findings of Lowenthal (1964) and Here-

Acute
Subacute
Chronic
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mans (1960), who found this fraction very often increased. The altera
tions of the a- and ß-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 a2-globulins is demonstrated in paper electrophoretic in
vestigations. Bauer and Heitmann (1958) could not confirm this is finding.

To the a2-globulins belong a2-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.

Fig. 2. Schem e of polyacrylam id electro
phoretic separation of haptoglobin bands 
iiin cerebrospinal flu id  of m ultip le  sc le 

rosis patients.

In the 2—2 type itherei exist even five bands. Our material ds a t the 
moment relatively small, so tha t 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 total haptoglobins what stands in agreement with the few 
increased a2-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 7-globulin increase, 
with a maximum corresponding to 7-3 globulins seems 'to be of diag
nostic importance.

2. No special patterns of 7-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 7-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.

R. M. Schmidt, H. Diesisner

B A D A N IA  GLOBULIN W ROZSIANYM ZAPALENIU MÓZGU I RDZENIA

iSt r e s  z c z e in i 0

1. Charakterystyczna k inetyka iw form ie ostrego iszozytu w zrostu y-globulin  
z najw yższym  punktem  odpowiadającym  y-3 globulinom  w ydaje  siię m ieć znacze
nie diagnostyczne.

2. Niie zaobserwowano szczególnych praw idłow ości w zrostu 7-globulin  w  sk o 
jarzeniu z różnym i typam i przebiegu choroby; w ydaje  sdę przeto prawdopodobne, 
że istn ieje ciągłość syntezy przeciwciał w  czasie ostrego i przew lekłego typu  
choroby,

3. N ie  udało isię w ykazać zinamienineigo wzrostu -/-globulin w  surow icy krwi.
4. N iew ielk i w zrost y -globulin  w  surow icy k rw i może zależeć m. in. od zw ięk 

szenia ilośc i haptoglobin.
5. W p łyn ie m ózgow o-rdzeniow ym  zarówno u n osic ie li Hp 1—2 jak i Hp 2—2 

pojaw ia się dodatkowe pasmo Hp. Może to  w sk azyw ać na uszkodzenie czynności 
bariery.

P. M. IllMMflT, r. ßMCCHep

MCCJIEÄOBAHME rJIOEyJIMHOBOrO C nE K TPA  B PACCEHHHOM  
3HHEc£>AJIOMM3JIMTE

C o f l e p x a H H e

1. XapaKTepMCTMHecKaa KMHeTMKa b  cJjopMe ocTporo nrnta yBeJiMneHMH y-rjio6y -  
jiMHOB c BepxyuiKoü oTBeTCTByiomeM Y- 3-rjio6yjiMHaM wvieeT , Ka?KeTcH, flwarHO- 
CTnnecKoe 3HaHeHne.
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2. He Ha6jiK»AaJiM oco6eHHbix npaBUJi yßejiMHeHMH yr^oßyJ111110̂  b coneTaHmi 
c pa3HbiMM THnaMH TeneHMH 6ojie3Hn; BepoHTHO 3aTeM, cymecTByer HenpepbiB- 
HblÜ CHHTe3 aHTM TejI B O  B p e M H  O C T p O r O  PI X p O H M H e C K O r O  T M n a  6o j i e 3HM.

3. He yflajiocb BbiHBMTb cymecTBeHHoro yßejiMHeHMH B k p o b h h o m  

n j i a 3M e .

4. HeÖojibinoe yBejmnemie coflepjKaHMH yrJioöyjiMHOB b  njia3Me KpoBM m ojk c t  

ßbiTb 3aBMCMMo M .np. ot  yBejiMHeHMH KojiMHecTBa ranTorjio6M HOB.

5. B CnMHH0M03r0B0M JKMflKOCTM TaK y HOCMTejieÜ Hp 1---2 KaK M Hp 2—2
noHBJiHeTCH floßaBOHHan nojioca Hp. 3 to  MoxceT yKa3biBaTb Ha noBpexc^eHne 
< J)y H K i4MM ß a p b e p a .
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CEREBRAL VASCULAR PERMEABILITY 
IN EXPERIMENTAL ALLERGIC ENCEPHALOMYELITIS *)
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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 enoephalitogemic protein correlate 
with the  onset and severity of the disease (Shaw et al. 1965), while 
circulating antibody titres do mot (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 
effect 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 tha t 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 tha t 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 131I and 125I-l,abelled albumin 
and — more recently — immunofluorescent localisation of serum 
proteins in the brain parenchyma (Vulpe et 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 M ultiple Sclerosis Society (U.K.).
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tu te  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.

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 vascular permeability was measured in groups of 
animals sacrificed at intervals after sensitisation and the brain and 
cord examined for histological evidence of EAE.

Permeability wa.s estimated by injecting 131I-labelled human serum 
albumin intravenously followed 24 hours later by an injection of 
125I-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 radioactivi'ty due to each i s o t o p e  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 125I blood equivalent represented the blood volume of 
the specimen. On the other hand, the 131I blood equivalent reflected 
both intravascular and extravascular 131I-labelled protein. The difference 
between the two (131I.B.E. — 125I.B.E.) 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 
Encephalomyelitis 

(days 11—15)

Normal
Controls**)

Forebrain 2-16 0-12±002
Mid-hindbrain 2-54 0-13±0-03
Cerebellum 1-52 0 1 8 ± 0 0 3
Cervical cord 1-52 0-43 ± 0 0 6
Thoracic cord 6-13 0-55 ± 0 0 5
Lumbar cord 4-59 0-49 ± 0 0 9

*) „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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Days after sensitization

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 tha t the EAE lesion is due 
to sensitised cells and not to circulating antibody.

However, it is to be noted that there have been :a num ber 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 th a t 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, ßlcglobulin and IgG from the cerebral vessels several days 
before the appearance of inflammatory cells in the central nervous 
system.

The discrepancy between our own findings and those of Oldstone 
and Dixon may be due to a species difference. If not, the question 
resolves itself inlto a comparison of the methods used. 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 e s t a b l i s h e d  
EAE l e s i o n s  a dissociation between these two elements could be 
clearly demonstrated by means of autoradiography. Our own findings 
using 125I-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 125I (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 AR10.
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Fig. 2: M eningeal vessel from a guinea pig w ith  EAE showing inflam m atory
cells and extravasation of labelled protein. Autoradiograph stained w ith  
m ethylene blue. X 450 (a). Cerebral vessel from  guinea pig w ith  EAE. Vascular 
leak w ith  m inim al cellular infiltration. Autoradiograph, m ethylene blue. X 450 (b). 
Perivascular accumulation of inflam m atory celLs accompanied by a protein leak  
iin a guinea pig w ith  EAE. Autoradiograph, m eth ylene blue. X 450 (c). Control. 
Normal cerebral vessel. Autoradiograph, m ethy lene blue. X 450 (d). Vascular 
leak of labelled protein from a histologically normal vessel. Guinea pig with  
EAE. Autoradiograph, m ethylene blue. X 450 (e). Cerebral vessels from a guinea  
pig w ith  EAE. The larger vessel shows a perivascular cuff of inflamm atory  
cells and extravasation of labelled protein. The smaller one (?bra.nch) shows 
a sim ilar vascular leak but w ithout inflam m atory cells. Autoradiograph,

m ethylene blue. X  450 (f).
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Extravascular penetration of 125I-la'belled albumin was not 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. 2 a, b, c, 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 ad. 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 
hyp ersensiti vity.

However, there is now evidence that such ia 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 nature 
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

PRZEPUSZCZALNOŚĆ NACZYŃ MÖZGOWYCH W DOŚWIADCZALNYM, 
ALERGICZNYM ZAPALENIU MÓZGU I RDZENIA (EAEM)

S t r e s z c z e n i e

B adano .przepuszczalność naczyń m ózgowych u św inek  m orskich z EAEM. 
Z astosowano m etodę ilościową z podwójnym  izotopem prom ieniotwórczym  po
zw alającą m ierzyć izmiiany przepuszczalności n iezależnie od zmian objętości k iw i  
w  mózgu. Nie potwierdzono istnienia „przecieków” m ózgow ych powstających  
przed pojaw ieniem  s ię  kom órek zapalnych iw centralnym  układzie nerw ow ym .

Jednakże badania autoradiograficzne nad ustalonym i zm ianam i w  EAEM  
przy pomocy album iny znakowanej 125J potwierdzają, że .przecieki naczyniow e
i pow staw anie  nacieków  kom órkow ych mogą być rozdzielone rw czasie.

Obraz zmian przepuszczalności jest zgodny z poglądem tiwierdzącym że EAEM 
jest objaw em  późnej nadwrażliw ości i  zależy raczej od uczulonych komórek niż  
krążących przeciwciał.

C. JIeü6oBim

nPOHMUAEMOCTb COCY/JOB TOJIOBHOrO M03IA. B OKCIIEPMMEHTAJIhHOM 
AJIJIEPmHECKOM 3HUE<E>AJIOMPI3JIMTE (3A 3M )

Cof l e ps a HHe

MCCJIßOBaHHH BejIMCb H.'ifl npOHMI^aeMOCTblO M 0 3 r 0 B b I X  COCyflOB y  MOpCKMX CBMHOK 

C 3 A 3 M .  IIpMMeHMJIM KO JIHHeCTBeHHblM M eTOß C flBOMHbIM p a f lM 0 M 3 0 T 0 n 0 M  p a 3 p e -  

UiaromMM M3MepHTb M3MeHeHMH npOHMI^aeMOCTM He3aBMCMMO OT M3MeHeHMM OÓTbeMa 

KpoBM B rojiOBHOM M03re. He noTBepflMjiM cyLąecTBOBaHMH M03r0Bbix „Tenefi” bo3hh- 
K a i o m M x  nepefl noflBjiemieM B o c n a j iM T e j ib H b ix  K j i e r o K  b i j e H T p a j ib H o f ó  HepBHoii 
CMCTeMe. O ^ H a K o  a B T o p a f lw o r p a c J m H e c K M e  M ccjieflO BaH M H  o ß o c H O B a H H b ix  M3MeHeHHM  

B 3 A 3 M  n p n  no M o m n  ajibßyMMHa MeneHHoro I 125 noTBepjKflaiOT, *ito cocyflMCTbie

„T e H M ”  M K J ie T O H H b ie  MHCjDMJIbTpaTbl M3 B O C n a jIM T e jIb H b lX  K JieT O K  M O ry T  nO HBJIH TCH  

B pa3HOM B p e M e H M .

KapTMHa M3MeHeHHM npoHMi^aeMocTM corjiacHa co B3rjiHflaMM yTBepjKflafoinuMii, 

HTO 3 A 3 M  HBJineTCH CHMnTOMOM 3aM e,z jJieH HO M  ajiJieprMM m 3 3 b m c m t  b  óojibineft 
CTeneHM ot ceHCn6nJin3npoBaHHbix kjictok neM u;MpKyjinpyioiHHX aHTMTeji.

REFERENCES

1. B arlow  C. F.: A study of abnormal blood-brain perm eability  in exp er i
m ental encephalom yelitis. J. Neuropath, exp. Neurol. 1956, 15, 196.

2. Benataito G. R., Gabrielescu E., Boros I.: The h istochem istry o f cerebral 
Iproteases in experim ental allergic encephalitis. Rev. Rum. Physiol. 1965,
2, 379.

3. Boirnsteiijn M. B., Appel S. H.: The application of tissue culture to th e  study  
of experim ental ’’a llergic” encephalom yelitis. J. Neuropath, exp. Neurol. 1961, 
20, 141.

http://rcin.org.pl



V ascular permeability EAE 309

4. Caspary E. A.: Precip itating antibody in  m ultip le scleiroisiLs and experim ental 
(allergic encephalom yelitis. J. Neurol. Neurosurg. 1966, 29, 103.

5. Chase M. W.: A critique of attemps art passive transfer o f sensitiv ity  to 
nervous tissue. In ’’A llergic” Encephalom yelitis, ed. by M. W. Kies and 
E. C. A lvon, Thomas Springfield, 1959, III!., p. 348j

6. Cutler R. W., Lorenzo A. V., Barlow C. F.: Brain vascular perm eability to 
125I gam m a globulin  and leukocytes i  n a llergic encephalom yelitis. 
iJ. Neuropath, exp . Neuirol. 1967, 26, 558.

7. Lam oureux G., B oulay G., Boduas A. G.: Cytotoxic antibody for cultured  
inervous (tissue in  serum and cerebrospinal -fluid from  rhesus m onkey w ith  
allergic encephalom yelitis. Clin. exp. Immunol. 1966, 1, 307,

8. O ldstone M. B. A., D ixon F. J.: Im m unohistocbem ical study of allergic 
encephalom yelitis. Amer. J. Path. 1968, 52, 251.

9. Paterson P. Y., Antibodies and autoimmune disease. In C ell-bound Antibodies, 
ed. by B. Amos and Koprowski, Wistar Institute Press, Philadelphia, 1963,
p. ,101.

10. Paterson P. Y., Jacobs A. F., Coia E. M.: C om plem ent-fix ing antibrain anti
bodies and allergic encephalom yelitis. Ann. N. Y. S e i. 1965, 1‘24, 292.

11. Rozdilsky B., O lszew ski J.: Perm eability of cerebral blood vessels studied by 
rad ioactive liodinarted bovine albumin. Neurology, {■Mineap.) 1957, 7, 270.

12. Schild H. O., W illoughby D. A.: Possible pharm acological mediators of 
delayed hypersensitiv ity . Brit. Med. Bull. 1967, 23, 46.

13. Shaw  C. M., A lvored E. C., Kaku J., K ies M.: Correlation o f experim ental 
(allergic encephalom yelitis w ith  delayed-typ e sen sitiv ity  ,to specific hom ologous 
eneephalitogen. A nn. N . Y. Acad. S-ci. 1965, il22, 318.

14. Spector W. G., W illoughby D. A.: In the pharm acology of inflam m ation, 
'The English U niversities Press, London, 1968, pp il5 and 78—93.

15. Stone S. H.: Transfer of allergic encephalom yelitis by lym ph-node cells in 
inbred guinea pigs. Science, 1961, 134, 619.

16. Stone S. H., Lerner E. M., Goode J. H.: Adoptive autoim m une encephalo 
m yelit is  in  inbred guinea pigs. S cience 1968, 159, 9'95.

17. Vulpe M., Haw kins A., R ozdilsky B.: Perm eability  of cerebral blood vessels  
in  EAE studied by radioactive iodinated brain album in. N eurology, (Minneap.) 
'I960, 10, 171.

18. Wiener J., L attes R. G., Spiro D.: An electron m icroscopic stud y of leuco 
cyte em igration and vascular perm eability  in  tuberculin  sensitiv ity . Am. J. 
Path. 1967, 50, 485.

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

http://rcin.org.pl



N E UR O P A T . POL. 1969, VII, 3

M. WENDER, T. WRÓBLEWSKI, 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 ithe nervous tissue itself, 
thus being nOt entirely a result and reflection of 'the cell infiltrations 
and myelin destruction. The abnormalities in the nervous 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 the presumably primary 
changes in the cerebral nitrogen 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 nervous tissue and its 
metabolism. The present report deals with following subjects: tissue 
respiration, anaerobic glycolysis, enzyim'bic mechanism of protein bio
synthesis and lipid composition.

MATERIAL A N D  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 0-9 per cent 
saline, and 1 ml melted lanolinę. After incubation for one hour at 56cC,
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01  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% homogeniate of cerebral white and grey m atter was prepared. 
The 'tissue respiration was studied by the direct iWarburg method, 
at 38°C in an oxygen atmosphere, using the Krebs-Riinger 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 
Negeleiin (1925) in a atmosphere of nitrogen. The com position 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 
conteint 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 injection 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 
demyeliination 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 not require 
a more detailed account.

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

White matter Grey matter

normal E A E  
(paralytic period)

normal E A E  
(paralytic period)

Tissue respiration

( —Qo2 =(J.1 02/mg of dry tissue/h)
Anaerobic glycolysis

(Qm= jj.1 C 0 2/mg of dry tissue/h)

3-05 ±0-22 

3-20±0-22

2-66±0-10 

2-47 ±0-61

7-38 ±0-20

8-14±0-37

4-61 ±0*40 

4-48 ±0-92

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 m atter 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 m atter of all encephalitic rabbits. However it 
should be mentioned th a t there exist great differences between 
individual animals. The small decrease found in the white matter is 
insignificant.

The next table1 (Table 2) presents the rates of amino acids activation 
in the brain of rabbits in course of EAE. The data presented there 
indicaTe 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 o f amino acid activation in the brain of rabbits in course o f EAE

L-amino acids

White matter Grey matter

normal E A E  
(paralytic period)

normal E A E  
(paralytic period)

Alanine o-oo 000 0-00 000
Asparagine 001 ± 0  001 0-45±008 001 ± 0 0 0 2 0-39±0-02

Aspartic acid 001 ±0*002 0 00 001 ±0-002 o-oo
Glycine 001 ±0-004 0-02±007 001 ± 0  001 002±0-01
Phenylalanine 001 ±0-002 0-22±0-07 001 ± 0  003 0 1 9 ± 0 0 7

Glutamine 0-39 ±0-023 0-48±005 0-44±0-036 0-55±005
Glutamic acid 0-49 ±0-027 1-20±019 0-50±0-019 l-10±0-22

Histidine 000 0 06±001 00 0 005 ±0-02

Cystine 000 o-oo 000 000
Leucine 000 000 000 000
Isoleucine 000 000 000 000
Norleucine o-oo 000 000 000
Lysine o-oo 000 000 000
Methionine 000 o-oo 000 000
Proline 001 ±0 00 3 000 001 ± 0  002 o-oo
Serine 000 o-oo 000 000
Threonine 000 o-oo o-oo o-oo
Valine o-oo 000 o-oo o-oo
Norvaline 000 000 o-oo 000
Tryptophane 000 000 000 o-oo

The results are given as mean in [/.mole 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 characteristic and 
regular feature of that experimental disease. It should be emphasized 
tha t cholesterol esters are found both in the white and grey cerebral 
m atter.

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 matter '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.

D ISC U SSIO N  AND  -CONCLUSIONS

The results obtained in the performed investigations indicate tha t 
the pathological process of EAE induces metabolic changes in several 
of the structural components of the nervous tissu e .
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Fig. 1. Perivascular inflam m atory reaction ln  the brain of a guinea pig 
w ith  EAE. Stained by haem atoxylin-eosine . X 80.
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Table 3. Brain lipids in guinea pigs in course of EAE

W h i t e  m a t t e r G r e y  m a t t e r

Normal
E A E
(early

period)

E A E
(paralytic

period)
Normal

E A E
(early

period)

E A E
(paralytic

period)

Phosphatidyl
choline 5-06±0-15 5-18 ±0-04 4-90±0-08 5-20±0-05 3 -9 3 ± 0 1 6 3* 46 ±0-11

Phosphatidyl-
ethanolamine 9-58±0-14 9-45 ±0-07 9-42 ±0-27 5-78±0-06 6-66±0-14 6* 84 ±0-13

Phosphatidyl-
serine 3-20±0-06 3 *9 0 ± 0 0 9 4-05 ±0* 12 2-18±0-01 3-25 ±0-02 3 '06±0*03

Sphingomye-
line 2-45 ±0-05 2-52±0-10 2-95 ± 0 0 3 1-61 ±0-04 1-51 ± 0 01 1-29 ±0-02

Cerebroside 7-97 ±0-09 9-31 ± 0 0 9 9-43±0-21 4-51 ±0-06 4-87±0-23 4-69 ±0*09-

Sulphatide* 3-60±0-07 4-22 ±0-10 4-05±0'13 1-42 ± 0 0 3 2-47 ±0-08 2 -4 0 ± 0 0 1

Free choleste
rol 11-22 ±0-05 9-60±0-30 9 -9 0 ± 0 1 7 5-66 ± 0 0 4 5-56±0-16 5-93 ±0-22

Cholesterol
esters 000 . l -89± 0 -24 l-82±0-29 000 2*58 ±0-28 1-98 ±0*39

Gangliosides 0-56±0-01 0-52±0-01 0-56±0-02 1-09 ± 001 1-03 ±0-04 0-91 ±0-04

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, ithe 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 m atter — point to a severe metabolic impairment 
confined to these two cerebral structures, which iboth seem to be in
volved iin the 'pathological process.

The most probable explanation for ithe 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 nervous tissue, cells which have relatively high 
enzyme activities, involved in 'the first steps of protein biosynthesis, 
could affect considerably the overall activity in the normal 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 galaotoliipids An 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 Sm ith (1965) with the in 
vitro uptake of glueose-C14 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, leaithin, phosphatidyl serine 
and galaötolipids fractions. Further observations made by the same 
author showed that the glucose-C14 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.

M. W ender, T. W róblewski, A. A dam czewska, M. O w sianowski, 
iB. Zgorza lew ic z

BAD AN IA  BIOCHEMICZNE W DOŚWIADCZALNYM ALERGICZNYM
ZAPALENIU IMÓZGU

4
S t r e s  z c z  e n d e

D ośw iadczalne alergiczne zapalenie mózgu w yw oływ ano u św inek m orskich
i ikróliików przez w strzyk iw anie homologicznego antygenu z dodatkiem adjuwaintu 
Freund a.

W m ózgu badano oddychanie 'tkankowe metodą Warburga, beztlenową g lik o 
lizę m etodą N egeleina, aktyw ację 20 am inokw asów  metodą Hoaglanda, or.az sk ład  
lip idów  za pomocą chrom atografii cienko-(warstwowej.

W w yniku  przeprowadzonych badań .stwierdzono, że proces patologiczny do
św iadczalnego alergicznego zapalenia mózgu w yw ołuje  spadek oddychania tk a n 
kowego i beztlenow ej glikolizy, w zrost aktyw acji am inokwasów, szczególn ie  
asparagimy ;i f en ylal aminy oraz pojaw ienie s ię  estrów cholesterolu  zarów no  
w  istocie białej jak i szarej mózgu.

http://rcin.org.pl



Biochemical studies in EAE 31 7

W zrost a k ty w a c j i  a m in o k w a só w  w  p rzeb iegu  a lerg iczn eg o  za p a len ia  m ózgu  

w y d a je  s ię  b y ć  n a s tę p s tw e m  o becnośc i n a c ie k ó w  k o m ó rk o w y ch  o  dużej a k ty w 
n o śc i en zy m a ty czn e j. P o d o b n ie  o dm ienny  sk ła d  lip id o w y  k o m ó rek  maciek ó w  m oże  

c z ę śc io w o  t łu m a c zy ć  o b se r w o w a n y  w z r o st  za w a rto śc i n ie k tó r y ch  fr a k c ji  fo s fo -  

lip tidow ych i g a la k to lip id ó w .

M. BeH^ep, T. BpySjieBCKM, 3. A/jeMneBCKa, M. Obchhobckh, B. 3rojKajieBMH

BMOXMMMHECKME HCCJIEßOBAHM H B 9K C IIEPM M EH TA JIbH O M  

AJIJIEPrM HECKOM  3H Ii;E O A JIIlT E

CoAepKaHHe

3KcnepMMeHTajibHbiił ajuieprnMecKMM SHuecbajiMT Bbi3braajin y  m opckhx cbmhok 

m KpojiMKOB MHtHuiTpyfl mm roMOJiorwHHbiM atm ireH  c afl'biOBaHTOM <t>pefiH,n;a. B  ro-  

jiOBHOM M03re HccjieflOBajiii TKaHeBoe flbixaHne MeTOßOM B apóyp ra , aHaapoÓHbiit 

TJIMKOJIM3 MeTOflOM H erejieiiH a, aKTHBaunio 20 aMMHOKMCJiOT MeTOflOM XoarjiaH^a, 
cocTaB JiMnuflOB MeTo^oM TOHKOCJIOMHOM xpoMaTorpacbnn. B  pe3yjibTaTe npoBe,o;eHHbix 

MCCJie,n;oBaHMÜ KOHCTaTMpoBajiM ^ to  naTOJiorHHecKMÜ np ouecc  SKcnepmieHTajibHoro 

ajiJiepmnecKoro SHijecpajiMTa Bbi3bmaeT na/jemie ypoBHH TKaHeBoro ßbixaiMH u aHa- 
spoÓHoro rjiMKOJiM3a, noBbim eiroe aKTHBaijMji aMMHOKwcjioT, ocoóeHHO acnaparim a  

u cjpenHJiajiaHHHa m noHBjieHwe scbwpoB xojiecTepwHa TaK b SejioM KaK u b cepo?.i 
Beu^ecTBe rojiOBHoro M03ra. IIoBbimeHMe aKTMBaijMM aMHHOKMCJiOT b TeneHHM aju iep-  

TMHeCKOrO SHUeCpaJIMTa KaJKeTCH SbITb CJieACTBHOM npMCyTCTBMH KJieTOHHbIX MH(bnJIb-
TpaTOB oöjiaßaiom iix  cbibokom (bepMeHTaTMBHoü aKTMBHocTbio. TaKjKe pa3jiMHHbni

COCTaB JIMnMAOB KJieTOK MHCpMJIbTpaTOB MOJKeT ^aCTMHHO OÖ'bflCHMTb H a S j i i o f la e M o e  

noBbiuieHwe co/i;epjKaHMH HeK0T0pbix c^paKUMił cpocęfc>ojiMnM,zi;oB u rajiaKTOJinnnflOR.
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H. M EYER-RIENECKER, B. HITZSCHKE, P. SCHRÖTER

LICHT- UND FLUORESCENZOPT ISCHE UNTERSUCHUNGEN BEI 
DER EXPERIMENTELLEN ALLERGISCHEN ENCEPHALOMYELITIS

N eurologische A bteilung der U niversitäts-N ervenklin ik , Rostock DDR

Das Ziel einer Frühdiagnostik der Encephalomyelitis disseminata — 
entsprechend der Konzeption unserer Arbeitsgruppe — fordert Nach
weismethoden, die früher als die Krankheitssymptome einen Hinweis 
auf den Beginn der Erkrankung geben können. Für die Klinik hat 
somit die Pathogenese des initialen Frühstadiums der Encephalomyeli
tis entscheidene Bedeutung.

Im 1. Komplex unserer Untersuchungen bei der experimentellen aller
gischen Encephalomyelitis (EAEM) baschäftigten wir uns mit dem Nach
weis der Störung der S c h r a n k e n p e r m e a b i l i t ä t .  Evans blue, 
Trypaflavin, FITC (Fluoresceinisothiocyanat), TTC (Triphenyltetrazo- 
liumchlorid) wurde Kaninchen und Meerschweinchen kurz vor der Tö
tung injiziert. Die Substanzen waren im extracerebralen Retikuloendo- 
thelium und Nieren nachweisbar, nicht im Bereich der cerebrospinalen 
Läsionen. Akridinorange sahen wir jedoch perivasal in cerebralen Are
alen mit und ohne cellular entzündliche Reaktionen (Abb. 2, 3). Das 
Ausmass der perivaskulären 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 Rückläufigkeit der linitialen Permeation.

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

Ebenfalls im Hinblick auf die Ereignisse des Frühstadiums berück
sichtigten wir im 2. Komplex i m m u n o l o g i s c h e  Probleme.

I. Der Nachweis von Autoantikörpern mit zytolytischer Aktivität 
gegen Myelin und Gliazellen ist seit 1961 durch Born st ein und Appel 
(1961), sowohl bei der EAEM als auch der Encephalomyelitis des Men-
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sehen bekannt. Zuverlässige Zellkulturen sind für derartige Unter
suchungen Voraussetzung. Quantitative Aussagen sind kaum möglich, 
da dieser zur IgG-Klasse gehörende Antikörper nur in sehr geringer 
Konzentration im Serum vorhanden ist.

II. Leichter nachweisbar sind zierkulierende Antikörper mit Hilfe 
der OUCHTERLONY-Technik. Es handelt sich nach den Untersuchun
gen von Ross und Mitarb. (1965) um einen Serum-Faktor, der gegen 
Hiirnextrakt präzipitiert und zur IgM-Klasse gehört.

In Verlaufskontrollen beobachteten wir das Auftreten von Anti
körpern gegen allogene Antigene (Hirn und Rückenmark) mit und ohne 
Trypsin-Vorbehandlung. Den semiquantitativen Antikörperverlauf zeigt 
die Abb. 1. Es fand sich, dass die Antikörper-Beobachtungen 2 Typen 
bei insgesamt 2 Verlaufsformen erbrachten:

RückenmarkHirn
7 8  10 15 20 X) 4 0  6 0  8 0  XX) 150 
i i w ____ I---1— 1—I IM  I i l l  iTTlIJ 

Norm

Tryps

♦

Tryps.

Norm.

10 '

Abb. 1. A ntikörper-Verlaufsbeobachtungen bei der EAEM des K aninchens mit 
sem iquantitativer modif. OUCHTERLONY-Technik: 2 Typen des A ntikörper
verlaufes (1,2) gegen norm ales und trypsinbeham deltes allogens H irn und R ücken

mark bei 2 V erlauf sformem (a, b); (Logarithm. Zeiteinteilung).
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1. Einen Typ mit frühem  Antikörper-Ansbieg gegen alle Antigene, 
ohne wesentlichen Unterschied, besonders früh, schon zwischen dem 
6—7 Tag gegen trypsiniertes Rückenmark, sonst um den 10—11 Tag.

2. Einen Typ mit deutlichem Antikörper-Anstieg vor allem gegen
über trypsin-behandeltem Rückenmark, geringer gegenüber anderen 
Antigenen.

Die Tiere der Verlaufsform a zeigten früh und ausgeprägt 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 für das Ausmass, also die 
Stärke der Antigenität von Bedeutung. Wesentlich für das Auftreten 
von Präzipitaten ist jedoch, ob eine Übereinstimmung mit dem den 
paithogenen Mechanismus auslösemden Antigen besteht.

Der Nachweis von Autoantikörpern im Serum von Tieren mit EAEM 
zeigt, dass ein Prozess der Autoimmunisation besteht (Prick 1967, 
Seitelberger 1967, Steffen 1968). Er bietet, wie unsere Verlaufsbeobach
tungen zeigen, eine partielle Übereinstimmung mit dem klinischen Ver
lauf im  Anfangsstadium. Je früher und komplexer er auf tritt, desto 
akuter ist das Erkrank ungsbild. K uweit (1964) beobachtete analog das 
Abfallen von Serumkomplement am 6—7 Tag der Erkrankung.

Im 3. Komplex, den i m m u m h i s t o l o g i s c h e m  Vergleichsbeo
bachtungen, wandten wir uns der Frage der Korrelation zum Gewebs- 
prozess zu, was für die Wertigkeit des frühen Nachweises der Antikör
per entscheidend ist. Fluorescenzoptisch Hessen sich mit FITC-markier- 
tem Anti-Gammaglobulin — wie auch Friek (1967) und Ridley (1963) — 
in den perivasculären 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 entzündlichen Reaktio
nen. Die Beobachtungen sprechen lediglich für eine Permeabilitäts
störung und das Vorhandensein immunkompetenter Zellen.

Da die Entmarkung bei der EAEM des kleinen Laboratoriumstieres 
überwiegend infiltratgebunden auftritt, ist es naheliegend, dass die 
Markscheide durch einen mehrgliedrigen Ablauf — entsprechend Sei- 
(telberger '(1967) — alteriert wird. Bedeutsam für den Prozess dürfte 
sein:
1) Die Störung der Barrierenfunktion der Blut-Hirnschranke. 2) Das 
Eindringen oder die ortständige 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 dürfte; 4) Die Re
aktionskette beginnt mit dem Auftreten spezieller Immunglobuline, 
besonderen Komplementvorstufen und der Bildung von Lysokephalin 
(Pette et al. 1965, Sedtelberger 1967).

Im Zentrum der Problematik der initialen Vorgänge steht die Frage 
nach der Auslösung der Antigenmob i lis ation, inwieweit es sich um 
eine Toleranzstörung handelt, welche exogenen und endogenen Fakto
ren 'auf ein genetisch labiles Gleichgewicht treffein. Spezielle Immun
seren differenzierter Faktoren könnten unter Verwendung herkömmli
cher fluoreszenzoptiischecr Verfahren und besonderer M arkierungen für 
elektronenoptische Untersuchungen die initialen Vorgänge im Entzün
dungsbereich weiter beleuchten.

H. M eyer-R ienecker et al.

B A D A N IA  NAD DOŚW IADCZALNYM ALERGICZNYM ZAPALENIEM  MÓZGU  
METODAMI MIKROSKOPII KONW ENCJONALNEJ I FLUORESCENCYJNEJ

( S t r e s z c z e n i e

O dk rycia  p a to g e n e ty c zn e  w e  w c z esn y m  s ta d iu m  d o św ia d cza ln eg o  a lerg iczn eg o  

z a p a len ia  m ó zg u  ii rdzen ia  m a ją  zn a czen ie  d la  dan ych  k lin ic zn y ch  w e  w c zesn ej  

d ia g n o s ty c e  ro zs ia n eg o  zapa len ia  m ózgu  i rd zen ia . Z w rócono u w a g ę  n a  w a rto ść  

s to so w a n ia  w s k a ź n ik ó w  b a r iery  w  'trakcie bad ań  nad p r z ec iw c ia ła m i i w  p r z e 
b ie g u  badań  immunohdjsitologiczinych. W p racy  om ów ion o  p rzeb ieg  w c z esn eg o  

s ta d iu m  d o św ia d cza ln eg o  a lerg iczn ego  za p a len ia  m ózgu  i rd zen ia  z p o d z ia łem  na  

k ilk a  faz.

. . .  ...
r. MeÜep-PHH3K3p M flp.

MCCJIEßOBAHMH H A ß SKCIIEPMMEHTAJIbHhlM AJIJIEPrMHECKMM 
OHUiEc&AJIOMJlOJIMTOM (3A 3M ) METOßAMM CBETOBOH  

M «5»JiyOPECU,EHTHOił MMKPOCKOIIMM

CoflepacaHHe

IlaToreHeTMHecKMe o t k p b i t m h  b  H a n a j i b H O M  nepiiofle 3 A 3 M  r n w e iO T  3HaneHMe 
f l J I H  K J IM H M H e C K M X  f l a H H b I X  B  p a H H e ń  ß J i a r H O C T M K e  p a C C C H H H O r O  3 H L * e< t> a J I0 M W 3 J IM T a .

O6pameH0 BHMMaHMe Ha ctommoctb npmvieHeHHH MHflmcaTopoB Saptepa bo BpeMH 
M CCJieflO BaH M fi H a A  aH T M T e j ia M M  u  B T e n eH M M  H M M y H o r n c T O J i o r n H e c K n x  H aÓ Ji iO fleH H W .

B paóoTe o6cy?KflaeTCH TeneHwe paHHero nepno^a 3A 3M  c ero noflpa3flejieHMeM 
Ha HeCKOJIbKO CTaflHM.
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A bb . 2. Gefrierschnitt des Hirns eines M eerschw einchens bei EAEM, dem  
4 M inuten ante finem Akridi.norange (1 : 1000) intrakardial injiz iert wurde: diffuse  
perivaskuläre Fluorochrom darstellung; (keine zellulären Infiltrationen im peri

vasalen Gebiet. (HBO 50, BG 12/OGL-GG 9).

A bb . 3. A kridinorangefluorescenz in einem  Gebiet mit zellulären Infiltrationen; 
gleiche Bedingungen w ie  unter Abb. 2.
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Abb. 4. Gefrdernativschnitt des H irn s eines K aninchens mit EAEM: fluor eseie-  
rende Infiltratzellen mach Behandlung m it FI TC-markiertem A nti-K aninchen-  

Gammaglobulin (GAR g — FITC); (HBO 50, BG 12/OGL-GG 9).
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B I O C H E M I S T R Y  OF  T H E  N E R V O U S  T I S S U E

NEUROPAT. POL. 1969, VII, 3

|J. H. SC H A R F*)

ZUR THEORIE DES ALTERUNGSPROZESSES 
IM NERVENSYSTEM DES MENSCHEN

Aus dem A natom ischen Institu t der M artln -L uther-U niversität H alle-W ittenberg
izu H alle (Saale), DDR

Alteruingsprozesse Am Nervensystem sind den Medizinern seit sehr 
langer Zeit bekannt, soweit sie zu schweren funktionellen Ausfällen 
führen. Erst seit einigen Jahrzehnten rückten auch feinere Veränderun
gen in den Blickwinkel, zuerst erregten sie wohl das Interesse der 
Neurohistologen (Hodge 1894/95, Pilcz 1895, Bühler 1898, Mühlmann 
1901 ff, Marinesco 1906, Nageotte 1907 ff, Rossi 1906). Besondere Ver
dienste hat sich deir Grossmeister der klassischen Neurohistologie in 
der Frühzeit der neurologischen Gerontologie erworben, Ramon y Cajal 
(1905 ff], von dem die heute schon längst in alle Lehr- und Harnd- 
büher eingegaingenen Definitionen der Degenerationsstadien des Neu
rons im wesentlichen gegeben worden sind. Die neuere Neurohistologie 
ha't die Problematik der Altersveränderungen niemals aus den Augen 
verloren (Andrew 1941, 1952, Bruchmüller und Schärft 1965, de Castro 
1921/22, Döring 1948, 1955, Harms 1924, Hermann 1951, Kiss 1933, 
Levi 1925, Scharf 1958, Stöhr 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 'neurophysiologischen Beiträge zum Alterungsproblem steuerte 
Pearson (1928) bei, den histochemiischen Aspekt betonten Sulkin (1955) 
sowie Sulkin und Kuntz (1948, 1952). Die kürzlich viel zu früh ver
storbene Neurohigtologin Emmi Hagen (1951) prägte den markanten 
Begriff „physiologische Degeneration”, der sich zunehmend durchsetzt. 
Selbstverständlich ist die hier vorgelegte Literaturübersicht nicht voll
ständig. Einige interessante Aspekte enthält z. B. der Handbuchbei
trag von Bourliere (1966).

*) Mit dankensw erter U nterstützung durch einen Forschungsauftrag des M i
nisterium s für H ochschulw esen der DDR. Graphik: Akad. Bildhauer Hellm ut 
Helwinj
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Stellt man in der Biologie die gleichen Ansprüche, wie sie in den 
physikalischen Wissenschaften seit Jahrhunderten  selbstverständlich 
sind, dann haben alle bisherigen Untersuchungen über den Alterungs
prozess des Nervensystems zwar zu einer umfangreichen Faktenisamm- 
lung geführt, aber 'nicht zu Ansätzen für 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 Involutionsiprozess 
der Nervenzelle m it seinen schon cytologisch, cytochemisch und cyto- 
physikalisch noch nicht voll überschaubaren Einzelheiten in eine for- 
melmässig darstellbare Theorie zu fassen, dann würde dies kaum in 
näherer Zukunft zum Ziele führen. Allein für die Darstellung der 
Wechselbeziehungen eines einzigen Multienzymsystems 'in einem noch 
biochemisch kontrollierbaren 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) über die Abhängigkeit der 
Anzahl der Meissnerschen Tastkörperchen in der Fingerhaut vom Le
bensalter können ein genügend einfaches Material liefern, das für 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 für die Abbildung gewählt, weil sie 
keinen Geschlechtsunterschied erkennen lässt, während für die Finger
haut zwischen weiblichen und männlichen Individuen unterschieden 
werden müsste. Die weiteren Betrachtungen haben aber die Fing er - 
haut zum Objekt, wobei der Geschlechtsunterschied zunächst unbe
rücksichtigt bleibt, das heisst alle Berechnungen stellen ,,den Menschen” 
gewissermassen als Mittelwert aus Frau und Mann dar. Während beim 
Neonat us auf 1 mm2 Hautfläche etwa 75 Tastköperchen fallen, findet 
man beim 90 jährigen nur noch etwa 3 Meissner-Körperchen. Der Ab- 
klingprozess kann durch eine lineare Differentialgleichung 4. Ordnung 
mit konstanten Koeffizienten beschrieben werden. Bezeichnet man die 
Anzahl der Tastkörperchen ipro mm2 Hautfläche m it M und das Lebens
alter in Jahren mit t, dann hat die Differentialgleichung die Gestalt
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Die Terme der Gleichung sind biophysikalisch interpretier b a r: 

dM =  Involutionsgeschwmdigkei't 

=  Involuntionsbeschleuinigung 

=  Involutioinsbeschleunigungsänderung 

=  Änderung der Involutionsbeschleunigungsänderung

dt 
d2M 
dt2 
d3M 
dt3 
d4M 
dt4

Das allgemeine Integral von (1) lautet:
M(*t) =  A0 +  A!e_;lt +  A2e_ytt +  A3e-'łt

M- Anzahl der Meissnerschen Körperchen auf 1 mm2 Zehen haut

(2) *)

80

70

60

50

40

30

20

10

dM d M d M dM1,464856 +  0,470563 + 0,0173693 ~ ^ f  = 0-

M (01=75,49 
M‘(0)=-4,74 
moh-14,24 
M"W= 21,91

M= 1,4661-24,9527e 1<020369 f+72,2812e 0,402159 t+26>6gg7-0,0423279t 

n=49 i>=42 
32=0,9663 
t = 24,3117 _
2x<0,H0
Regressionsfunktion:

M= 2,0033-26,5256e1>020369t+74,3741e~ °’4 0 m 9 t +25,5560e0'0 4 2 m 9 t  
n =  49 ti-42
» = 0,9664 
t=  24,3816 

?2ql(0,1'10

o 10 20 30 40 50 60 70 80 90 t=Lebensalter 
[Jahre]

Abb. 1. A nzahl der Meiissner-schen Tastkörperchen pro F lächeneinheit der Zehen
haut bei 49 Personen beiderlei G eschlechts in  A bhängigkeit vom  Lebensalter. 
Nach den A ngaben von B olton et al. (1966) sind die -n=49 M esspunkte aufgetra
gen. D ie K oeffizienten  der D ifferentia lg leichung (1) w urden durch D ifferenzen- 
rechnung und Innere R egression erm ittelt. Das Iintegral (2) w urde mit dem  
angegeben A nfangsbedingungen exak t berechnet, zum V ergleich wurden die  
Iintergrationskonstanten zusätzlich durch lineare Regressionisrechnung erm ittelt. 
Die beiden K urven fa llen  bei Zeichengenauigkeit zusam m en und lassen sich erst 
in der v ierten  D ezim alstelle des Korrelaitionskoeffizienten unterscheiden. Kein

(Gr-e sch  1 ec h tsu n  terse  h ie d .
*) In dieser und den fo lgenden G leichungen siind die exponentiellen  Zeitkon

stanten m it einem  Minuszeichen versehen, um anzudeuten, dass sie a lle  k leiner  
als N ull sind.
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Bin hier passendes partikuläres Integral ist in Abb. 1 ungeschrieben, 
wo sich auch die Koeffizienten von (1) finden. Die 3 verschiedenen 
exponentiellen Zeitkoins tarnten in (2) sind grob gerundet:

T1 =  — 1; T2 = — 0,4; T3 =  —  00,4;

Wie Abb. 1 zeigt, fällt die Kurve der Anzahl der Tastorganellen pro 
Flächeneinheit in der Kindheit äusserst rasch, im mittleren Lebensalter 
weniger drastisch und strebt im Senium asymptotisch einem konstanten 
Restzustamd zu. Abb. 2 zeigt das Verhalten der Meissnerschen Tast
körperchen in der Fingerhaut, wobei — wie schon erwähnt — Ge-

M- Anzahl der Meissnerschen Tastkörperchen pro Fingerhantflache [n- mm 2]

80

P °>402159t+36,4455e 0,04232791M(t)= 8,2632+23;% fte~1‘02036gt+ 6,8846e u'

70

60

50

30

20

10

I
I

90 100806020 30 705010

t  =  Lebensalter [Jahre]

A bb . 2. Wegen des Gese h lec h tsun t er :sc h i ede s ergeben sich für die zeitabhängige  
Anzahl der M eissner-K örperchen in der Fingerhaut (bezogen auf die H autflächen-  
einheit) eigentlich getrennte K urven für (Männer und Frauen. Der hier gezeigte  
Kurvenzug gilt unter N ichtbeachtung des Geschechtsunterschiedes für Hom o  
sapiens, der an alytische  Ausdruck w urde für 63 P ersonen durch R egressions- 

iTechniung erm ittelt. M essungen von Ronge (1943) sowie Bolton et al. (19&6).

schlechtsunterschiede unbeachtet bleiben. Wollte man dieses Verhalten 
kritiklos akzeptieren, dann müsste man resignieren, denn man hätte 
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 Lösung des Problems ist im menschlichen tWachsfcum zu suchen. 
Die Differentialgleichung für das Wachstum der Fingertasthaut ist.

d F i _ d F , , d F
 bbo hbi--
dt4 - dt3 dt2

b0^  =  0 
dt

(3)

mit F =  Fingertastfläche (mm2) und t=L ebensalter (Jahre). Das allge
meine Integral ist

F(t) =  B0 +  B1e” l̂t +  B2e - ^  +  B3e-ßst (4)

F/'ngeriastf/äche [mm2]

300 r

0,374512 —  +  0,0271699 — 0 + 0 ,0 0 0 1 6 9 0 7 2 0  
dt4 !  d t3 d t2 d t

F ( i ) - 174,6531+17,4943e °>279451t-273,6154e 0882016f +145,2224e M 06859M t

10 20 30 40 50 60 70

t=  Lebensalter- [Jahre]
60 90 100

Abb. 3. A bhängigkeit der m ittleren absoluten Finger beerenfläche vom  L ebens
alter. D ie Wachstumsikuirve ste ig t in  der K indheit isteil ain, bei A dolescenten v er 
langsam t sich  der Zuwachs allm ählich. Nach einem  M axim um  dm m ittleren  L e
bensalter fä llt die Kurve, w eil subcutaines Fettpolster, Waissereimlagerung und 
elastische Fasern allmählich reduziert w erden. Die K onstanten der D ifferential
gleichung (3) wurden durch D ifferenzenrechnung und Innere Regression, des 
Integrals (4) durch lineare R egressionsrechnung erm ittelt, nachdem  die E xpo
nenten 'durch Lösen der D ifferentialgleichung bekannt w aren. U nter Verwendung  
von Mesiswerten R anges (1943) und A ngaben aus der anatom ischen Handbuch -

l i t e r a t u r .

Numerisch sind (3) und (4) in Abb. 3 angeschrieben, für (4) steht dort 
der analytische Ausdruck des passenden speziellen Integrals. Der K ur
venzug der Abb. 3 zeigt ein kräftiges Wachstum der Fingerhaut in der 
Kindheit, das bis ins mittlere Lebensalter verlangsamt anhält, um 
schliesslich einer langsamen Flächenabnahme zu weichen. Bekanntlich 
degenerieren in der Cutis etwa vom 40. Lebensjahr an allmählich die 
elastischen Fasern, in höherem Alter kom m t dann neben dem Turgor
verlust noch der allmähliche Schwund des Fettpolsters hinzu.
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w=Anzahl der Metssnerschen 
Körperchen pro 
F/'ngerhauffläche 

fn-m m ~2]

-7020369t -0,402159t -0,0423279t
I f~M(ł)=8,2632+23,9618e ' +6,8816 +36/4455e

i b  , r 7

L  M(i)/F] - 7cM + f M . Ś Ł  d F {a.= 63,754[m m 2]
\lllj-M  (FJ-7S/Q+J d t dF \ b  -277,000[mm2]

\

d r  21
/// 5 6 -,i dM d t H F { c -277,012[m m ]{F )V ,5 6 J —  —  dF [ d = 24774gfmm2]

Betrachtet main nun die Anzahl der Meisner-Körperchen als Funk
tion zweier Argumente

M =  f(t, F) (5)

F f t j  } Parame êrdars ê^ un^  d e r Raumkurve\ r i r j  1

M(tlF(t))=-283,78m20,29d5e^mOUH9,0039e~0,m2tł3S,5785e'0,04233t
-3l,9601e~0,0[]9178Fltlt390,42d7e~0'00010̂ F®-85,7930e~0’0m 062

mitF(t) -  174,6531+17,4943e ~°'27̂ 51t-273,6154e ~°M2016t+^2224e ~°>om5g47 f

A b b .  4. A bhängigkeit der relativen  Anzahl der Meissn ersehen Tastkörperchen  
vom  L ebensalter und von der aktuellen Grösse der Fingertaistfläche, also M =  f 
(t, F). D ie itranszendente F läche (8) is t  Lösung der Pfaffischen D ifferen tia lg lei
chung für 2 A rgum ente (7), s ie  enthält die Raum kurve (dick aus gezogen), um die  
alle  M essw erte streuen. In (die tM -Ebene is t  die Kurve (2) aus Abb. 2 projiziert, 
in die tF -ebene d ie  K urve (4) aus Abb. 3. D iese Projektionen sind Param eter- 
darstellungen der Raumikurve. D ie 3 m ögliche Projektion in  die M F-Ebene ist 
ebenfals eingezeichnet (siehe auch Abb. 5). Unten links das logische Schema der

A b h ä n g i g k e i t e n .
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dann sind die Gleichungen (2) und (4) die Parameterdarstellungen einer 
Raumkurve, die in der Fläche (5) enthalten ist (Abb. 4). Das logische 
Schema der Abhängigkeiten (5) ist ebenfalls in Abb. 4 dar gestellt. 
Wollte man die direkte Abhängigkeit

M =  f(F) (6)

in einem geschlossenen analytichen Ausdruck darstellen, dann wäre 
dies n u r im Komplexen möglich. (6) kann aber im Reellen zumindest

M - Anzahl der Meissnerschen Körperchen in der Finger haut [n  • mm~2]

276,970
_ f -24,4me1>020mt-2M7e'0>m m -1,M7e[)’0m i:  
J  -4,8888e \24)n33e~0’088202t-0,9%2e~0,0m5g5 *

’ -24,4499e" 1>0203631-2,7687e ~ °’402f5g /--7 5427e 2328 ̂
- 0 ,2 7 9 4 5 1 t m e -0,088202togg62-0m8595t

300 F-  Fingerf/ächengrösse250100 200150
[m m ~ 2J

A bb. 5. A bhängigkeit der ,relativen  Anzahl der M eissnerschen Tastkörperchen  
von der aktuellen  F ingerflächengrösse. D ie D arstellung im  R eellen  is t  nur in
2 Stücken  m öglich, die A usw ertung der Integrale nur num erisch. D ie Kurve 
ste llt  d ie  Projektion der R aum kurve (8) aus Abb. 4 in  die FM -Fläche gesondert 

dar. Der untere Kurvenabschmiitt g il t  für alte M enschen.
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numerisch aus zwei Kurvenstücken erhalten werden, wenn man von 
den beiden in Abb. 5 angegeben Integraldarstellungen ausgeht. Die 
(transzendente Fläche (5) ergibt sich durch Integration der partiellen 
linearen Differentialgleichung 4.
Ordnung

a4M , 83M , 82M , 9M , 33M , 33M , 32M . 3M
 hao h a ,  \- a0  ---------h v2--------\~ -------kv0—  (7)
at4 at3 at2 at 8f 4 aF3 aF2 8F

deren allgemeines Integral allerdings bereits die S truktur

M/t, F /t// =  C„ +  C ,e- ’■« +  C2e-** +  C3e ^ ‘ +
+  C,exp{—X,(B0 +  +  B2e-P,t +  B:;e ?>l )) +
+  C5exp(—X2(B0 +  B.e-P-' +  B2e-W +  B ,e-*‘ )| +
+  C6exp{—X3(B0 - j -  B,e—i1- '  - | -  B2e-p-t +  B;,e -W )| (8a)

aufweist, oder in abkürzender Schreibweise
3 — rnt 6 — lp / B o  3 —ßkt

M/t, F(t)/ =  C„ +  2  Cie +  2  C.e + 2  Bke (8b)
i = l  i = 4  k = l

(i =  1,2,...6; k =  1,2,3; n =  1,2,3; p =  1,2,3)

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

Die in der 3-«dimensionalen Darstellung (Abb. 4) eingezedchnete 
Raumkurve ergibt demnach 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 linter- 
pretieren zu können, muss noch die bekannte Tatsache in das Ge
dächtnis zurückgerufen werden, dass die Anzahl der Elemente des 
Nervensystems zum Zeitpunkt der Geburt eiinen nicht mehr erhöh
baren Wert erreicht hat, weil extrauterin kein funktionsfähigen Ner
ven- bzw. Sinneszellen neu gebildet werden können. Da die Haut aber 
in der Kindheit am stärksten wächst, wird — ohne nennenswerte Ver
änderung ihrer absoluten Anzahl — die relative Anzahl der M eissner - 
schen Tastkörperchen pro Flächeneinheit vermindert, was man als 
einen „Verdünnungseffekt” aufassen kann. Diese Dissemination täuscht 
den raschen Involutionsprozess in Abb. 1 und 2 während der Kindheit 
vor. Etwas vom 20 Lebensjahre an stellen sich dann die frühesten wirk
lichen Degenerationen ein, die aber noch nicht grosse Zahlenwerte 
annehmen, was erst vom 35 Lebensjahre and der Fall ist. Die rasche 
Degeneration in höherem Alter wird dann teilweise wieder dadurch 
kompensiert, dass die Hautfläche 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 Vorgänge auf 
die Reizausnutzung auswirken. Bezeichnet man den punktförmiing 
wirkenden mechanischen Heizdruck mit P (g.mm-2), den Reizerfolg mit 
E (%), dann können an Hand von Messungen die Koeffizienten der 
Differentialgleichung

d4E . d3E . d2E . dE „
 1 ^ 2  r  C i  r~ Ca “ —  U
d P 4 ‘ d P 3 dP 2 dP

(9)

bestimmt werden. In dieser Differentialgleichung sind die Koeffizien
ten anschaulich interpretier b a r:

■Co =  Rückstellkonstante 
Ci =  Dämpfungskonstante 
c2 =  Trägheitskonstante 

Das Integral dieser Gleich ist

E(P) =  Do +  +  D2e - ^ p +  D3e - ‘l!>p (10)

ein passendes partikuläres Integral zeigt Abb. 6. Der dem Augenschein 
nach näherungsweise lineare Kurvenzug ist nach statistischer Prüfung

£ = R eizerfo lg  [% ]

e  (PI - 4299,1131-294,084Se°’° " ,  2943,2814;°’° "

100\~ -6949,.3107 e~ °>00663459

m if de r Kondition E (0 )~ 0  
n - 60 V = 53 T i=0,8590 
t=  12,2137

50

10

2oc<0,1'10 ■12

10 '15 20 P= R e izd ruck [g -m m ~ 2]

A bb. 6. A bhängigkeit des R eizerfolges vom Reizdruck pro m m 2 Fingertaetfläche. 
Sehr starke Streuung der P unkte um 'die K urve, w e il dais Lebensalter ni-cht b e 
rücksichtigt äst. Messungen von Range (1944). Der analytische A usdruck (10) — 
durch Regresisionsrechnung gew onnen — befriedigt die D ifferentialgleichung (9).

V ergleiche m it Abb. 7.
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mit der Annahme der Linearität nicht verträglich, so dass der 
Ansatz (9) gerechtfertigt erscheint. Das Gesetz ist einfach und plausi
bel: Wenn der Reizdruck erhöht wird, steigt auch der Reizerfolg. 
Die starke Streuung der Punkte um die Kurve ist darauf zurückzu
führen, dass die Messungen bei Versuchspersonen unterschiedlichen 
Alters angestellt worden sind. Betrachtet man nämlich den Reizerfolg 
E(%) in Abhängigkeit vom Lebensalter (t), dann gilt die Differential
gleichung

d4E . d3E . d2E . dE _
 r  s2  h  S i  h s0 —  =  ü
dt4 dt3 dt2 dt

mit dem allgemeinen Integral

E(t) =  G0e~ ^  +  G2e“ ^  +  G ,e~ ^

n i)

(12)

F = Reizerfolg [% ] 
m  I £(t)= 74,3724-548,8456e' 

' r  0,01176 t

~°'m025t+529,2175e

10Q t= Lebensalter

’[Jahre]

Abb. 7. A bhängigkeit des Reiz erfolg es iin Abhängigkeit vom Lebensalter gem äss 
Däfferentialgleichiung (II) und (deren Lösung (12) Berechnung des analytischen  
Ausdruckes durch Innere und anschliessende lineare Regression. D ie stark e  
Streuung der Punkte dst dadurch bedingt, dass hier der Reizdruck unbeachtet

bleibt. V ergleiche m it Abb. 6.
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Eiin für die Messwerte passendes partikuläres Integral ist in Abb. 7 
gezeichnet. Hier ist die Nichtlinearität sofort deutlich, ebenso aber 
die starke Streuung, die sich ohne weiters erklären lässt, weil hier 
der aufgewandte Reizdruck ausgeschaltet ist. Die vorstehenden Bemer
kungen machen bereits deutlich, dass es sinnwoll ist, anstelle der ge
trennten Differentialgleichungen (9) und (11) die Summe aus beiden 
zu verwenden, also die lineare partielle Differentialgleichung vom 
Pfaffschen Typ

(13)

(14)

34F , 33E , 32E , 3E , 34E , 33E , 32E , 3E _
—  C g  p  C i  p  c0 '■  r~ So — r~ S i   r- s« — U
0p4 3p3 Sp2 SP at4 at3 3t2 3t
deren allgemeines Integral

E (t,P) =  K0 +  K je -^  +  K2e - ^  +  K3e ~ ^  +
+  K4e -^ p - f  K5e—,LjP +  K6e“ ^p 

eine 'transzendente Fläche 4 Ordnung ist. Das die Messwerte befriedi
gende partikuläre Integral ist in Abb. 8 gezeigt, wo sich auch das 
logische Schema befindet. Die träge nichlineare Oscillation der Integral

er - Reizer folg [%J

v y r
E(t,P)=4052,8878-80,0584e ~ 0,136025t t  g5j d25e-  0,097984 t _

~30,4474-e~0,011760t -269,9429e~0,0a^ 06P-t2729,6624e0,021859P-  

-6498,0430e~°>m635P 

n=67 i>=54
&  = 0,9082 
t - 15,9430 

2oc<0,1-10'33

Abb. 8. A bhängigkeit des Reizerfolges vom  Reizdruck und vom  Lebensalter zu
g leich gem äss dem logischen Schema unten links. Sehr gute A npassung der 
Integralfläche (14) an d ie  M esspunkte, d ie  n icht eingezeichnet sind. Dies is t  aber 
daran zu erkennen, dass trotz Abnahm e der Freiheitsgrade (in Abb. 6 und 7 is t  
jew eils v =  53) der Korrelationskoeffizient («) und der Wert von t zugenomm en  

haben. D ie Integralfläche befriedigt die Pfaffsche D ifferentia lg leichung (13).

□  0
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fläche in t-Richtung ist besonders interessant, zeigt sie doch deutlich, 
dass Kinder überempffindlich sind, Erwachsene eiine relative Unter
empfindlichkeit aufweisen, während alte Menschen gegenüber akuten 
Reizen eine an Kinder erininerndte relative Hypersenstibilität erkennen 
lassen. Histologisch ist dieses merkwürdige Greisenverhalten erklärbar: 
Die Altersveränderungen der Haut bedingen eine leichte Deformier
barkeit, so dass ein Reiz nicht inur auf direkt betroffene Tastkörperchen 
wirkt, sondern auch auf solche in der weiteren Umgebung. Diese Tat
sache steht nicht im Widerspruch zu der klinisch lange bekannten* 
Greisenindolenz, die für chronisch wirkende Reize gilt: Die absolut
niedrige Zahl der sensiblen Organellen lässt alte Menschen ,,ab
stumpf en”.

Der vorerst letzte Schritt einer analytischen Betrachtung dieses 
Wechselspiels zwischen Wachstums- und Involutionsprozessen im Zu
sammenhang mit der Tastsännesfunktion w irft die Frage auf, ob die 
Abhängigkeiten vollständig in eine Theorie zu fassen sind. Abb. 9 zeigt 
das logische Schema und die Integralfläche, die bei Lösung der partiel
len Differentialgleichung

entsteht. Der 'bei Abb. 9 angeschriebene analytische Ausdruck für das 
passende partikuläre Integral ist vereinfacht, indem die 3 ersten Terme 
im Exponenten das Argument M enthalten. Nach den vorstehenden 
Ausführungen und dem logischen Schema (Ab'b. 9) ist aber deutlich, 
dass M wiederum als Funktion in  die Rechnung eingeht, d.h. der ana
lytische Ausdruck hat die S truk tur «.

(15)

—X, (Bo +  B ,e  ^  +  B 2e ^  +

+  J 6e -^ P (16a)

oder vollständig in abgekürzter Schreibweise

E (M, P) =  J„ +  C„ +  j j  Cie +  £  Ciexp —
3=1 l L \ 1=1 i=41=1 i=4

-  Xp | Bo +  j ;  Bke - Pkt II j]J  +  t  J ie“ ""P (16b)
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E = Reizerfolg [%]

E(Mt P) =3455,5210+5056,1715e '° ’6̂ m - 47,5704e ~°>030566M+

+528,1289e ~°’°°0679M _ 264,2153e~°’08M06P +

+2665,1776e ~ °’021853 P-  6353,4956e " °>006635 p

n -6 7  1=54

3ft = 0,9122 

t  = 16,3591 

2oc<0,1-10'35

^  a u f d er  M Achse entspriecht 
d er  Einwirkungszeit

M % = o )

Abb. 9. Abhängigkeit des Reizerfolges vom Reizdruck und von der relativen  
Anzahl der iMetiissnerschen Tastkörperchen zugleich. Der vereinfachte analytische  
Ausdruck hat die Struktur (16), er ist Lösung von (15). Den logischen Aufbau  
dem onstriert dais (rechts unten eingesetzte Schem a. Biologisch sin n voll dist nur 

der Flächenabschnitt, der vom Intervall 8 ^  M ^  75 begrenzt wird.

□  0

0 — H

Wie main siebt geht das Exponeintialfuhktionespoly>nam (8a) bzw. (8b) 
als Argument in die Exponenten der drei ersten variablen Terme des 
Integrals (1Gb) ein. Damit ist die Abhängigkeit des Reizerfolges

E(M/it, F/t), P)

strukturell und kausal nur auf Zeit- und Druckabhängigkeit reduziert. 
Prüft main die Gültigkeit der Differentialgleichung (1) auf andere Teile 
des Nervensystems, wobei die abhängige Variable M gegen die jeweils 
betrachtete auszutauschen wäre, dann lässt sich feststellen, dass (1) 
weite Gültigkeit hat. In Abb. 10 sind drei andere zeitabhängige Varia
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I

bien in Abhängigkeit vom Alter aufgetragen. Jede der 3 Intergralkur
ven befriedigt (1), d.h. die berechneten Funktionen sind Lösungen von 
(1). Es wäre reizvoll, auch diese Beziehungen näher nach dem gezeigten 
Schema zu analysieren, doch fehlen dafür vorerst noch verlässliche 
Messungen als Basis.

160

l+718,8098e~D'/,02159t+84,9002e [a]*
~lJQ20369t ,4i4 2 1 1 7 ^ 0 2 1 5 9 t+g2 jg^le" 04232791 r-nj

7,020369t. ~0,402159t+Q̂  g0Q2g
\  \  n(t)= 71,5734+54434,1685e

\  \  V0L(t)=67,3542+G32,9812e' -

\  \  \  z(t) = 75,1180 -f 4,7491e ■ ~ 0,0423279 t

A -  Blütstrommung des Gehirns 

B~ 02-Verbrauch des Gehirns 

C-Anzahl der Rindenneurones

100

t=Lebensalter [Jahre]

Abb. 10. Die D ifferentialgleichung (1) beschreibt aus andere altersabhängige  
Prozesse im Nervensystem , w enn man M als Ordinatenbezeichnung entsprechend  
auswechselt. Die drei hier gezeigten Kurven sind Lösungen der Gleichung (1)

Daitan aus Bourldere 1966.

Jedenfalls zeigen die vorstehenden Ausführungen dass die Anwen
dung der Analysis über die einfache statistische Auswertung hinaus 
durchaus zu brauchbaren und sinnvollen Modellen führt und damit 
erlaubt, den Versuch der Auf Stellung einer Theorie des Alterns ner
vöser Strukturen nicht mehr als von vornherein absurdes Unterfangen 
beiseite schieben zu müssen.
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J. H. Scharf

TEORIA PROCESU STARZENIA W UKŁADZIE NERWOWYM CZŁOWIEKA

S t r e s z c z e n i e

Gdy przyjm ie się za wzorzec ciałka M eissnera, w yłan ia  się m ożliwość przed
staw ien ia  m atem atycznej teardd procesu starzenia. Iniwolucja liczby w zględnej 
m eissm erowskich narządów  dotykow ych na jednostkę pow ierzchni tkanek  m iąż
szu palca n ie  jest w yrazem  czystego procesu starzenia się , lecz w ypadkow ą po
m iędzy  w zrostem  a starzeniem  się. Przedstaw ia s/ię dwa m odele m atem atyczne, 
rów n ież  dla w ykorzystania podrażnień,

r. niapcj)

K TEOPMM nPOD;ECCA CTAPEHMH B HEPBHOÜ CMCTEME HEJIOEEKA

C o f l e p * a H n e

Ha npHMepe 0CH3aTejibHbix Tejieij MenccHepa nbrraeTCH ycTaHOBUTb MaTeMaTunec- 
Kyio TeopMK) B03pacTa. Mhbojiiouhh OTHOCMTejibHoro HMCJia opraHejiJi MeiiccHepa no 
eflMHHije noBepxHOCTM kojkh He HBjineTCH HHCTbiM npoueccoM cTapeHMH, ho npefl-
C TQBJIHeT C 0 6 0 Ü  B 3aH M O fleM C T B H e M e J K f ly  POCTOM VL C T a p e H M e M . ^ J I H  M C n0J I b 30B a H H H  

pa3flpajKeHwa TaKHte npefljiaraioTCH MaTeMaTHHecKwe MOflejiw.
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EFFECT o f  p r e n a t a l  x -i r r a d i a t io n  o n  r e s p ir a t i o n

AND GLYCOLYSIS OF THE BRAIN IN ONTOGENIC 
DEVELOPMENT

Departm ent o f Neurology, M edical Academ y, Poznań, Poland

Among the factors disturbing the Tegular 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 theise changes 
were noticed during experiments made lately in our laboratory (Mula- 
rek, 1968; Wender, 1964; Wender et al., 1964; iWender, 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 ontogemic 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 the 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 
10  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 ithe development of ithe ner
vous system in rabbits were taken inlto account. According ito 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 ithe exitra- 
uterine life (1st day after delivery), period of appearance of mew 
functions i.e. the sight (9th — 10th day of life) and ithe 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 m atter and grey matter 
could be distinguished. In younger animals the tissue was taken from 
the sites, in which later the grey and white m atter 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 m ix
ture: 95% N2 +  5% C 02; 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 (Qc2; 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 variaincy 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 ix thick, were coloured according 
to the Spielmeyer’s method (Rorneis, 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 
m atter 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 on'togenic 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. la .  The normal rabbit. Age: 30 days.

Fig. lb .  The rabbit irradiated on the 18th day of foetal life  w ith  a dose 150 r.
Age: 30 days.

http://rcin.org.pl



346 M. Owsianowski

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. la, b).
In the further developmental periods — the 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, th a t 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 night — rabbit irradiated on the  18th 
day of foetal life w ith  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 difference of 
the mean 

values (%)

confidence
normal rabbits irradiated rabb its difference of 

the mean 
values (%)

confidence

mean values mean values
coefficient

mean values mean values
coefficient

20th day of 
foetal life 2-25± 0-36 2-20± 0-21 2 P >  0 05 0-33±003 0-27±0-04 18 P >  0 05

1 35-83± 2-64 34-30± 2-58 4 P >  0 05 l-06± 009 l-07±0-12 1 P >  0 05

U*
<D

3 5 8 0 0 ±  1-18 57-17± 7-20 2 P >  0 05 l-6 3 ± 0 0 6 1-61 ±0-07 1 P >  0 05

13
12 165-00± 20 163-00± 21 1 P >  0 05 2-91 ±0-20 2-59±0-23 11 P >  0 05

C/5
>>CŚ

Q

30 535-00± 24 431-00± 23 18 P < 0 001 6-08 ±0-06 5-11 ±0-79 16 P < 0 05

48 1253-00±180 614-00± 56 51 P < 0 001 6-43 0-40 5-00±0-64 22 P < o-ooi

120 1751-00±159 1306-00±114 25 P < 0 001 6-75+0-29 6-07±019 10 P < 0 001

M ean values were counted on the ba se of the weight of 6 r i imals of each group;
±  standard error

E
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ray 

irradiation 
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brain 
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the delivery and than the 12'th day. The greatest difference of the 
respira'fcion — in comparison wiith 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  whilte matter — the decrease of tissue respiration was 
seen the 1st and 'the 30th day after delivery (Tab. 2, Fig. 6). The great-

ß!02
Normal 
rabbits 
Greg matter 

White matter

Jrradiated
rabbits

  Grey matter

 White m atterH

Foeta/1 3 12 30 48 120 Adult
life Days after delivery animals

Fig. 3. Tissue respiration o f  the  grey and w h ite  m atter of the brain of irradiated  
and norm al rabbits — during different periods of ontogenic developm ent. The 
quantity iof jxl 0 2 correspo>nds to the mean values of Qo2 showin in Table 2.

Hi CO2
Normal
rabbits

Grey matter 
White matter

Jrradiated
rabbits

  Grey m atter
 White m atter

120 Adult30 48123Foetal 1
life Dags after delivery animals

Fig. 4. Anaerobic glycolysis of the grey and w hite  matter of the brain of irradiated  
and normal rabbits — during different periods of ontogenic developm ent. The  
qunatity of nl C 0 2 corresponds to the mean values of QmN2 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

G r e y  m a t t e r W h i t e  m a t t e r

Age normal rabbits irradiated rabitsb difference of 
the mean 

values (%)

confidence
normal rabbits irradiated rabbits difference of 

the mean 
values (%)

confidence

mean values mean values
coefficient

mean values mean values
coefficient

20th day of 
foetal life 4-64±0-14 4-58 ±0-29 1 P >  0 05 4-64±0-14 4-58±0-29 1 P >  0 05

, 5-69±0-15 5-31 ±0-29 7 P <  0 02 5-64±0-18 4-47±0-43 20 P <  0 001

>>Ut<D
3 5-29 ±0-14 4-9.6 ±0-41 6 P >  0 05 5-17±0-67 4-78±0-17 7 P >  0 05

13

<D
£

cd

C/3>*
cd

Q

12 5-96±0-ll 4-99 ±0-46 16 P <  0 001 5-55±0-28 5-31 ±0-24 4 P >  0 05

30 7-03 ±0-23 5-25 ±0-64 25 P <  0 001 4-06±0-18 3-60±0-30 11 P <  001

48 7-39 ±0-23 6-34±0-33 14 P <  0 001 3-23 ±0-22 3-02±0-25 6 P >  0 05

120 8-03 ±0-34 6-86±0-47 15 P <  0 001 308±0-17 2-74±0-37 11 P >  0 05

Mean values indicate the number of jjlI 0 2 /mg of dry weight of tissue/hour;
±  standard error

co►4̂
c o
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est decreases 'of the oxygen consumption, induced by ionizing radia
tion ” was seen — mainly in the brain cortex and partially also in the 
white matter — during these developmental periods, in  which it assu
mes 'the greatest rate in normal animals.
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a 06
QOz" Grey matter

rSJ 10.331■
10.97V-[Sjy
1

A % 
0

-25
Foetal i  
life

3  12 30 <8
Days after delivery

120

e
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Significant S
 Statistically 
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Fig. 5. D ifference b etw een  the oxygen  consumption o f th e  grey m atter of the 
brain of irradiated and norm al rabbits — during 'different periods of developm ent. 

The differences are indicated in % and in (il 0 2.
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Fig. 6. D ifferences betw een the  oxygen  consum ption of the w hite  m atter of the 
brain of irradiated and normal rabbits — during d ifferent periods of developm ent. 

The differences are indicated in °/o and |xl 0 2.

The anaerobic glycolysis in (the brain of the irradiated animals de
creases mainly in the grey matter, but in the next 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, Pig. 8); lin the other de
velopmental periods — the anaerobic 'glycolysis in the White m atter 
of the brain of irradiated animals and the control group is similar. 
Histological studies of myelina'tion of th e  nervous fibres of the brain 
of the irradiated animals showed no visible effect, except a slight 
retardation of this process.
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Table 3. The anaerobic glycolysis of the grey and white matter of the brain of irradiated and normal rabbits — during different

developmental periods

G r e y  m a t t e r W h i t e  m a t t e r

Age normal rabbits irradiated rabbits difference of 
the mean 

values (%)

confidence
normal rabbits irradiated rabbits difference of 

the mean 
values (%)

confidence

mean values mean values
coefficient

mean values mean values
coefficient

20th day of 
foetal life 4-66±0-23 4-63 ±0-37 1 P >  0 05 4-66±0-23 4-63 ±0-37 1 P >  0 05

1 5-22 ±0-07 5-07 ±0-24 3 P >  0 05 5-48 ±0-40 512±0-25 7 P >  0 05

8?
<L>

3 4-66±0-21 4-85 ±0-40 4 P >  0 05 4-80±0-21 504 ±0-24 5 P >  0 05

>

1-4

12 5-11 ±0-44 4-98±0-34 3 P >  0 05 507±0-31 4-89 ±0-49 3 P >  0 05

*c3
C/5 30 8-56±0-55 4-97±0-70 42 P <  0 001 5-38±0-57 3-68±0-84 32 P <  001

o
48 8-24±0-32 5-98 ±0*24 27 P <  0 001 3-83±0-24 3-63±0-30 5 P >  0 05

120 8-72±0-26 4-93 ±0-34 43 P <  0 001 3-40±010 3-21 ±0-50 6 P >  0 05

Mean values indicate the number of t̂.1 C02/mg of dry weight of tissue/hour;
±  standard error
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i

Qm ~ 6rey matter
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Fig. 7. D ifferences betw een the anaerobic glycolysis of the grey matter of the  
brain of 'irradiated and norm al rabbits — during different periods of development. 

The differences are indicated in °/o and in (il 0 2.
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Fig. 8. D ifferences betw een the anaerobic glycolysis of the w hite  matter of the  
braiiin o f  irradiated and norm al Tab bits — during different periods of developm ent. 

The differences are indicated in % and |.il 0 2.

D IS C U S S IO N

Beside »the 'morphological consequences of ionizing 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 numerous works on changes of this kind an 
important place is given to experiments of the metabolism of nucleic 
aoids, 'the synthesis of which being joined with the mitotic process 
of brain development (Fitz-Niggli, 1955; Gärtner, 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 amiiino aoids differentiation in ithe brain proteins during 
m aturation of 'the central nervous 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 ionizing radiation on the organism, but the results of 
these experiments are often very diverse.

Florsdheim et al. (1952) did not inotice-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 Schrnid- 
Im-Meszaros (1954) have shown — any decrease of the activity of the 
enzymes of ithe citric acid cycle. Some authors noticed, th a t the de
crease of tissue respiration can be observed while examining the isolat
ed mitoohondries (Fritz-Niggli, 1955; Ryser e t al., 1954).

In contradiction to these observations there are some reports indicat
ing ithe increase of oxygen consumption in the tissue homogenaltes 
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 ra t {Crabtree, 1939) and 
in the spleen of the mouse (Hickman et al., 1953).

Very interesting investigations of the influence of lionizing radiation 
on the respiration of the retina were made by Cohen and Noel (1960). 
They found th a t irradiation with doses which do not 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.
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Knowing the close connection between tissue respiration and glyco
lysis with the 'maturation of the central nervous system (Flexmer et al., 
1941; Flexiner, 1955; Hiimwioh, 1939; Him wich 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 general radiobiological observations concerning the appeareince 
and the behaviour of the irradiated 'animals are all in accordance with 
the results of those of a lot of authors, indicating, th a t ionizing radia
tion acting on the organism in the final period of foetal life causes 
smaller and often more distant morphologioal consequences than those 
used tin 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 the myeiinaition process 
in the nerve 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 myeliination process on ionizing radiation acting in the last 
period of foetal development, in contradiction to the metabolic pheno
mena, the perturbations of which were presented in this work. The 
biochemical experiments showed, tha t ionizing irradiation acting d u r
ing foettal life — caused a metabolic error distinctly seen, at the time 
of the ontogenic brain development.

CONCLUSIONS

1. Irradiation of the rabbits 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 m atter. The greatest decrease of this process occurs during those 
developmental periods, in  which it assumes the greatest rate in normal 
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 perturbation caused by ionizing radiation.

4. The myeliination process of the nervous fibres of the brain of irra 
diated animals is only slightly retarded.
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M. O w sianowski

WPŁYW D ZIA ŁAN IA  PROMIENI X  W ŻYCIU PŁODOWYM NA  
ODDYCHANIE TKANKOWE I GLIKOLIZĘ MÓZGU W CZASIE ROZWOJU

ONTOGENETYCZNEGO

|S it r e s z c z e  n i e

U królików napromienionych w  18 dniu życia w ew nątrzm acicznego pojedynczą  
dawką 150 ir —  badano oddychanie tkankow e i  glikolizę bezitlenową w  mózgu  
w  różnych okresach rozwoju ontogenetycznego. Zużycie tlenu przez mózg i aktyw 
ność glikolityczną oznaczono m etodam i manom etr ycznyimi, posługując się  apa
ratem  Warburga.

Porównując w ynik i badań u królików naprom ienionych i u zwierząt praw id 
łow o rozw ijających się stwierdzono, że prom ieniow anie jonizujące, zastosowane  
w  końcow ym  okresie życia płodowego zaburza prawidłową dynamikę zmian roz
w ojow ych  oddychania tkankow ego i  glikolizy mózgu. N ajw iększe obniżenie zuży
cia tlenu  u zw ierząt sitwierdzono w  istocie szarej mózigu; w  m niejszym  stopniu  
w  istocie białej. Zjawisko to w ystępuje głów nie w  tych okresach rozwojowych, 
w  których u 'zwierząt norm alnych rozpoczyna isiię w zrost oddychania tkankow ego  

mózgu.
Glikoliza beztlenowa w  mózgu królików naprom ienionych ulega obniżeniu  

głów n ie  w  istocie  szarej; następuje to jednak w  późniejszych okresach dojrzew a
nia, k iedy  obserw uje s ię  w yw ołan e  'działaniem promieni jonizujących zmiainy 
w  w yglądzie  i zachowaniu się zwierząt oraz spadek w agi ich ciała i mózgu.

W p rzeciw ieństw ie do stwierdzanych zaburzeń metabolicznych, stanowiących  
następsitwo naprom ienienia królików  w  życiu płodow ym , n ie  obserwowano is to t
nego w pływ u  napromienienia na proces m ielinizacji w łókien nerw owych w  mózgu 

w  czasie jego dojrzewania.
W pracy om ów iono niektóre aspekty działania promieniowania jonizującego 

na ośrodkowy układ nerw ow y.

M. O b c h h o b c k m

BJIMHHME PEHTTEHOBblX JIYHEtf BO BHYTPEYTPOBHOM IIEPMOßE HA  
TKAHEBOE flbIXAHME M M 0 3 r 0 B 0 l ł  TJIMKOJIM3 BO BPEMH 

OHTOrEHETMHECKOrO PA3BMTMH

Cof l epsaHMe

y  K P O JIM K O B  O Ö J iy n e H H b lX  B 18 £ H e  B H y T p M y T p O Ó H O M  JK H3 H H  O flM H O H H O ft f lO -  

3 0 M 1 5 0  p .  —  B p a 3 J iM H H b ix  n e p w o ß a x  o H T o re H e T M H e c K o ro  p a 3 B H TM H  n c c jie f lO B a j iM  

TKaHeBoe £bixaHne m aHaspoÓHbiii rjiMKOJiw3 roJiOBHoro M03ra. noTpeßjieHMe M03r0M 
KMCJIOpO^a M rjIH K O J IH T M H e C K y iO  aK T M B H O C T b  O n p e ^ e jIH J IM  M a H O M e rp M H e C K M M M  M e T O -

flaMH npw n0M0iun annapaTa Bapóypra.
C p a B H M B  p e 3 y j i b T a T b i  s t m x  MCCJie^OBaHUM H a ß  o ó J iy n e H H b iM H  u  n p a B M jib H O  

pa3BMBaiOU;M MMCfl JKMBOTHblMM KOHCTaTHpOBaJIM HTO J łO H M 3 H p y iO ln e e  O Ó JiyneH M e H a -  

p y r n a e T  n p a B H J ib H y i o  ^ H H aM H K y B 0 3 p a c T H b i x  M3MeHeHHM T K a H e B o r o  ^ b ix a H M H  u  t jim -  

K 0JiM 3a B M 0 3 r e .  H a n 6 o j i b m e e  n a / j e H w e  n o T p e ö j ie H M H  K w c j i o p o f l a  y  o G j i y n e H H b i x  x n -

Neuropat. Pol. 3 10
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BOTHblX KOHCTaTUpOBajIH B CepOM, a HaCTMHHO M B SeJIOM M03T0B0M BeiljeCTBe. ilBJie- 
HMe sto Ha6jiK)fl;aeTCH rjiaBHbiM 06pa30M b Tex nepwo,zjax pa3BMTMH, Kor#a y  Hop- 
MajibHbix jKMBOTHbix naHMHaercH yBejiMHeHMe TKaHeBoro ßbixaHMH.

AHaspoÖHbiü rjiMKOJiM3 B M03re oSjiyneHHbix kpojimkob CHWJKaeTCH rjiaBHbm 
06pa30M B cepoM BeiqecTBe, oßHaKo b 6ojiee no3^Hbix nepiio^ax co3peBaHMH, Kor,a;a 
Haßjiio^aioTCH M3MeHeHMH B BbirjiH^e u noBe^eHHM jkmbothbix, cHM^ceHwe hx Beca 
Tejia M M 0 3 r a  Bbi3BaHHbie M0HH3npyi0iuMM oöJiyneHHeM. B npoTMBonojiojKHoera 
K KOHCTaTMpOBaHHbIM MeTaSojIHHeCKMM paCCTpoilCTBaM HBJIHIOmMMCH nOCJieffCTBMeM
o6jiyHeHMH kpojimkob bo BHyTpeyTpoÖHOM TiepMOfle fl030w 150 p., ^03a 3Ta npuMe- 
HeHHaH bo BpeMH co3peBaHMH M03ra He MMejia HMKaKoro bjimhhmh Ha npoijecc mm3jim- 
HM3aiJMM.

B p a ß o T e  o ß c y ? K # a J O T C H  HeKOTopbie acneKTbi b j i m h h m h  M O H M 3 M p y K > m e ro  oSjiyneroin 
Ha r^eHTpajibHyio HepBHyio CMCTeiwy.
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I N F O R M A C J A

|Wydziiał Nauk M edycznych PA N  ogłosił w  „Służbie Z drowia” 
z dn. 2.II.69 r.

( konkur s

na wykonainie prac badawczych z zakresu następujących problem ów:

1. PODSTAWOWE I KLINICZNE BADANIA REAKCJI USTROJO
WYCH I KOMÓRKOWYCH, ISTOTNYCH W ZWIĄZKU Z PRZE
SZCZEPIANIEM NARZĄDÓW, TKANEK I KOMÓREK.

2. BADANU A Z DZIEDZINY GENETYKI CZŁOWIEKA.
3. BADANIA NAD NOWYMI LEKAMI, A W SZCZEGÓLNOŚCI P S Y 

CHOTROPOWYMI, PRZECIWNOWOTWOROWYMI I PRZECIW- 
WIRUSOWYMI.

4. KONSTRUKCJA I ZASTOSOWANIE NOWOCZESNYCH PROTEZ  
I URZĄDZEŃ REJESTRUJĄCYCH, WZMACNIAJĄCYCH LUB  
ZASTĘPUJĄCYCH FUNKCJĘ NARZĄDÓW,

5. OCENA JAKOŚCI ŻYW IENIA I WYŻYWIENIA ZE SZCZEGÓL
NYM UWZGLĘDNIENIEM BADANIA ST A N U  ODŻYWIENIA  
I WARTOŚCI ODŻYWCZYCH PRODUKTÓW SPOŻYWCZYCH.

Szczegółowe w arunki konkursu zostały podane w  komunikacie  
w  „Służbie Zdrowia”.
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A. R AD O M lNSK A-PY REK , T. CHOJNACKI, T. KORZYBSKI

ON THE BIOSYNTHESIS OF PHOSPHOLIPIDS AND OTHER 
PHOSPHODIESTERS VIA CYTIDINE MECHANISM

Institute o f  B iochem istry and B iophysics Polish  Academ y o f  Sciences, Poland

The 'pathways of Ithe '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 formatio'n 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- 
ph a tidy 1 ethanola min e Ithe 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 cyttidylyltransferases involved in  the formation of 
lecithin and cephalin, are widely distributed in  nature. The one 
responsible for phosphorylcholine activation 'is easily separable from 
the other. This can be 'achieved by gel filtration of cytidylyltramsferases 
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, Radomińska-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. '(Radomińska-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 ethanol a mine phospholipids 
cytidine diphosphate ethainolaimine 'is (involved in the 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 itype 
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 tin the formation of some phospholipids.

The specificity of 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, Birmingham, (Chojnacki, Ansell, 1967). From 
these studies a general conclusion was drawn, that oinly cytidine 
diphosphate dholine aind cytidine diphosphate ethanolamine1 could be 
farmed 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 involving cytidine intermediates. The experiments were made 
in co-operation with Dr Allen of the Medical School in Canberra. 
(Table 1). It clearly showed tha t the analogues of cytidine diphosphate

Table 1. Incorporation of 32P from CMP-32P-bases into phosphodiesters and phospholipids

in the chicken gut microsomes

Substrate used

Water soluble phosphodiesters Phospholipids

counts/min. mjj. moles 
mg/prot/hr

counts/min. m|imoles
mg/prot/hr

CMP — 32PE 8-650 2-62 11 092 3-32
CMP — 32PGE 36 001 17-515 3-6
CMP — 32P-APr 160 0-06 1-044 0-40
CMP — 32PAiPr 690 0-24 4-280 1-31

ethanolamine are well acceptable in the phospholipid synthetizing 
system. While the yield from cytidine diphosphate ethanolamine was 
3 23 m^moles 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 — T31 mixmoles. The same analogues of 
cytidine diphosphate ethanolamine did not function in the synthesis of 
water soluble diesters. While the transfer of phosphorylethanolamine 
was 2'62 m^moles 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 amiiinoalcohols 
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 32P4abelled 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-l-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. Radom ińska-Pyrek, T. Chojnacki, T. Konzybski

BA D A N IA  -NAD BIOSYNTEZĄ FOSFOLIPIDÓW  
I INNYCH FOSFODWUESTRÓW DROGĄ MECHANIZMU CYTYDYNOWEGO

S t r e s z c z e n i e

Uprzednie badania nad swoistością m echanizm u cytydynow ego w  tworzeniu  
głów nych fosfolip idów  tkankow ych w ykazały  jego bardzo miiski stopień  dyskry
minacji dla szeregu analogów cytydynodw ufosfocholiny oraz cytydynodw ufosfo-  
etanolaminy. Jedynym  analogiem tego typu, nie będącym źródłem estrów fosfo
ranowych była cytydynodwufosfoglikoza. Czynność analogów koenzym ów  cytydy-  
nowych w  tworzeniu dwuestrów  fosforanowych porównano w  system ie syntetyzu
jącym fosfolipidy i L -serynoetanoloam inofosforany w  mikrosomach jelita kurczę
cia. System  syntetyzujący L-serynoetanoloam inofosforany uważam y za bardziej 
swoisty.
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A. PaAOMMHbCKa-IIt.ipeK, T. XoÜHaijKM, T. K op>km6ckm

BMOCMHTE3 IJMTMßMHOBbIM MEXAHM3MOM cDOCcDOJIMnMAOB 
M ^PyrMX ^OCcJ>q^M3CTPOB

Cof l epxaHHe

IIpeHCHPie wccjieAOBaHM H H a ß  cneuM c£>M HHocTbio LjHTM,zjMHOBoro M ex a H H 3 M a  b  c h h -  

T e 3 e  r j i a B H b ix  T K a H e B b ix  cJiaccJJOJiMnMflOB n o K a 3 a j i n  HM 3Kyio c r e n e H b  ^M C K pnM M H ai^nii 

3 T O rO  M e x a H M 3 M a  B  OTHOIIieHMM K  H eK O T O p b IM  a H a J I O r a M  IJMTM,ZJMH-£HdDOC4)OXOJIMHa 

M 3TaHOJIOaMMHa.
E^MHCTBeHHbiM aHajioroM 3Toro rana He hbhbuimmch flOHopoM cjDoccboflMscTOB 6biji 

I^MTMAMH-flMCł)OC(i)OrJIIOK03. PoJIb aHajIOrOB l^MTMAMHOBblX KO(J)epMeHTOB B CMHTe3e 
flMSCTpoB c£>occ£>aTOB npoBe,zjeHa Ha cwcTeMe cnH Te3npyioiueM  c£>ocd?ojiHnMflbi 

M. L-CepHH-3THJIOaMHHOCt)OC4)aTbI B MHKpOCOMaX KMUieHHMKa LJbmjieHKa. CHCTeiVia 
CMHTe3npyiomaH L-cepnH-3TaH)0JiaMHH0cJ)0c<t)aTbi Haw^eHa aBTopBMM ßojiee cneijJi-
CjDMHHOM.
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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 U niversity and Institute of Physiology, 
Academ y of Sciences. USSR Mińsk

As a result of research carried out liin 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 hypotbal'amo-hypophyseo-adrenal 
system.

In our previous 'investigations it was shown tha t the  levels of free 
and bound GA, AA and GABA in bomogenates 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 einzymes 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 ipoint (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 undertook (investigations on the dependence of the 
metabolism of the above mentioned amino acids and the activity of

* E xceptionally  in  this paper the references are quoted in the num erical 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 centrifugaition we obtained a subfraotion of mitochoindria, 
containing myelin and a supernatant 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 aind adrenalectomized raits 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 aind 
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 ia dose of 40 R.

MkMjg

t.ti
15
1,0
D.5

A *71 %
*

A

*

EM
Fig. 1. Content o f  free  (empty column) and bound (striped column) GA (A), 
AA <B) and GAB A (C) in the grey matter; 1 — intact, 2 — false adrenalectomy, 
3 — adrenalectomy, 4 — adrenalectom y +  glucocorticoid, 5 — adrenalectom y +  

+  adrenalin, 6 — X -ray irradiation, — statistically proved.
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The results obtained in studying the changes in the content of free 
and bound GA, AA, lainid GABA in the grey and White matter 
expressed as MkM/g of tissue are presented in Figs 1, 2. As seen the

A  MkMjg
3.0 - fn

2.5 - *
2.0
1.5
1,0
0.5

-

I If!
*

i
B 2,0 

1,5 
1,0 

0.5

*

a
2.0
1.5
1.0
0J5

1 [M
Fig. 2. Content o f free and bound GA, AA, GABA in the w hite  matter.

Legend as in  Fig. 1.

amounts of free and bound glutamic and aspartic acids, and GABA 
are 'practically unchanged iin 'the 'grey and white matter din oases 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 m atter of 'the brain, at 
the same time the glutamic acid level and that of GABA -is altered. 
There is an increase of free and bound GABA in  ithe white and grey 
matter, anid 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 m atter and has no effect on the AA anć 
GABA content in the white matter.

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

Fig. 3. AIT (7) and AsT (77) 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 +  adrenalin, 5 — adrenalectomy +  glucocorticoid +  adrenalin 
6 — adrenalectomy +  X-ray irradiation, 7 — X-ray irradiation, — statisticallj

proved.

Fig. 4. AIT and AsT activity in mitochondria of grey and white matter of brair 
as percentage of the control values. Legend as in Fig. 3.
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of a more convenient comparison of ithe results of different series, 
the data in this figure are given as percentage of the control values.

The activity of AIT and AsT is considerably changed under 'the given 
experimental conditions. In homogenates from (the grey m atter of 
adrenaleatomized 'animals (Fig. !3) there is a statistically proved 
increase in AIT activity, whereas in  mitochondria (Pig. 4) and super
natan t (Fig. 6) these changes are not supported statistically. Introduc
tion of cortisol into adrenalectomized animals compensates the resulting 
changes, a t 'the same time administration of adrenalin with cortisol

%

1 2  3 4 5 6 7

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.

*■

/a/ x/ y a //v x / \  i i  i i i i  i
1 2  3 4 5 6 7 1 2 3 4 5 6 7

Fig. 6. AIT and AsT activity in supernatant (hyaloplasma +  microsomes) of 
grey and white maitter of brain as percentage of the control values. Legends ąs

in Fig. 3.
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does not bring normalisation and there is a sharp decrease of AY. 
activity in the homogenates from the grey matter. On investigate  
of the activity of this enzyme in mitochondria and supernatant w 
found no such effects. The AIT activity An homogenates and mito 
chondria from the white m atter is unstable, but statistically supportei 
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 AIT 
Adrenalectomy results in a decrease of AsT activity in the homogenate 
from the grey matter, in supernatant and in mitochondria exposed t 
ddgitoinin as detergent (Fig. 5). Introduction of cortisol alone o 
adrenalin alone does not 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 iiin the outflowing adrenal blood without change of th 
AsT activity, whereas in adrenalectomized 'animals exposed to X-ray 
this effect can be demonstrated for the mitochondria and supernatani 
Iin the white m atter changes in the AsT activity of the homogenate 
and subcellular fractions closely similar to those in the grey matte 
should be noted.

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

• ’ i
L. S. Czerkasova et al.

METABOLIZM KWASU GLUTAMINOWEGO W ISTOCIE SZAREJ MÓZG 
W WARUNKACH PRAWIDŁOWYCH I POD WPŁYWEM NIEKTÓRYCH

CZYNNIKÓW

S t r e s z c z e n i e

Przedstawia isdę w yniki badań nad zmianą aawairtościi wolnego i związaneg 
kwasu glutaminowego, asparaginowego d gamma-aminomaisłowego w  szarej d hic 
łej istocie mózgu oraz nad aktywnością aminotransferaz alaminy i asparagin 
w  IhomogenatacH i  strukturach sufakomórkowych białej i szarej istoty mózg 

"U białych szczurów.
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Badano zwierzęta poddane chirurgicznej adrenalektomii, którym oid drugiego 
dnia po zabiegu w  iciiągu 4 dni podawano kortizon (2 m g /l00 g wagi ciała), adre
nalinę (2 mikrogramy/100 g wagi ciała) oraz adrenalinę i kort i zon równocześnie, 
następnie w  celu wykrycia wpływu czynników stresowych badano zwierzęta 
poddane adrenalektomii w  24 godzimy po napromienieniu rentgenowskim dawką 
40 r oraiz poddane pseudo-adrenalektomii i'nieoperowame.

Na 6 dzień po adrenalektomii 'następuje istotny .spadek zawartości wspomnia
nych aminokwasów w  szarej i  białej istocie mózgu (rye. 1, 2). Kompensacyjne 
podanie kortizomu zwierzętom po adrenalektamii przywraca poziom wolnego
i związanego ikwasu asparaginowego. Rentgenowskie napromienienie oieoperowa- 
nych zwierząt (prowadzi' do nagromadzenia w  istocie szarej mózgu form związa- 
nych wszystkich trzech aminokwasów, przy ich niezmienionym poziomie w  isto
cie białej. Napromienienie zwierząt poddanych adrenalektomii prowadzi do zmian
o innym charakterze. W homogenatach istoty szarej mózgu izwierząjt poddanych 
adrenalektomii wzrasta aktywność amino-transferazy alaninowej oraz spada 
aktywność amino-transferazy asparaginowej. Spadek aktywności amino-fcransfe- 
razy asparaginowej spotrzegamy w  nadsączu i w  mitochondriach (ryc. 3, 4, 6).

Podanie kortizomu lub adrenaliny inie prowadżi do normalizacji aktywności 
enzymów w  homogenacie istoty szarej mózgu i  tylko równoczesne podanie obu 
hormonów przywraca w yjściowy poziom aktywności amino-ttransferazy asparagi
nowej w  homogenacie i poszczególnych frakcjach isubkomórkowych (ryc. 3, 4,5, 6).

Zmiana aktywności amino-transferaz alaninowej i asparaginowej następuje 
zawsze po napromienieniu zwierząt nieoperowanych jak i adrenalektomizowanych.

Przytoczone dane świadczą o zależności metabolizmu kwasu glutaminowego, 
asparaginowego oraz gamma-amino masło w eg o w  szarej i  białej istocie mózgu, 
a także aktywności amino-transferaz alaninowej i asparaginowej od poziomu korty- 
kosterydów w  organizmie, a przez to i od stanu układu przysadkowo-nadnerczo- 
wego, co znajduje bezwzględnie swój wyraz na poziomie aktywności czynnościo
wej centralnego układu nerwowego*

JI. C. HepicacoBa, A. T. IlbiKyjieB, M. M. JJoBrajieBMH, JI. C. HKySoBUH

OBMEH rJIYTAMMHOBOJl KMCJIOTBI B BEJIOM M CEPOM BEIIJECTBE
r o j i o B H o r o  M 0 3 r A  i i p m  h o p m a j i b h b i x  ycJ iO B M H x M b o s ä e u c t b m j i

HEKOTOPBIX c&AKTOPOB 

CoflepjKaHHe

IlpMBOflHTCH pe3yjibTaTbi MCCJieAOBaHMÜ n o  M3yHeHmo M3MeHeHMÜ coflepxtatmH  

CBo6o/i;Hbix H CBH3aHHbix rjiiOTaMMHOBOM (FK), acnaparwHOBOM (AK) M raMMa-aMMHO- 
MacjiHHHoii KMCJioTbi (rAMK) B cepoM M öejiOM BemecTBe rojioBHoro M03ra M bktmb- 
hoctm ajiaHMH M acnapTaT-aMMHOTpaHcd?epa3 (AJIT; 2.6.1.2. K<i>) b roMoreHaTax 
u cyÖKjieTOHHbix opraHeJiJiax 6ejioro u ceporo BemecTBa M03ra 6ejib ix  Kpbic noA- 

Bepm yTbix XMpyprMHecKOfi a^peHajiOKTOMMM, aApeHaji3KT0Mnp0BaHHbix Kpbic, koto- 
pbiM co BToporo £hh nocjie onepaijHM b TeneHMM 4 -x  flHeił bbo^mjim koptm30ji 
(2 Mr/100 r Beca), a^peHajiHH (2 MKr/100 r) m a^peHajinH u koptm3oji o^HOBpeMeHHO, 
M flJiH BbiHBJieHMH B03^eMCTBMH cTpeccopHbix cpaKTopoB y  jKMBOTHbix noABeprayTbix  

JIOJKHOM a^peHaJISKTOMMM, HHTaKTHbIX M aflpeHaJI3KTOMMpOBaHHbIX JKMBOTHbIX Hepe3

cyTKM nocjie pemreHOBCKoro oójiyneHMH b  fl03e 40 p.
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Ha 6 cyTKM nocjie a^peHajiSKTOMMM HacTynaeT cymecTBeHHoe CHMJKeHne co^ep- 
jKaHMH yKaaaHHbix aMMHOKMCJiOT B cepoM m ßejioM BemecTBe M03ra (puc. 1, 2) 
KoMneHcaTopHoe BBe^eHMe K0pTM30Jia aflpeHaji3KT0Mnp0BaHHbiM jkmbothbim BOCTa- 
HaBJiMBaeT ypoßeHb cbo6o,hhoh m cBH3aHHoił AK.

PeHTreHOBoe oöjiyneHMe mrraKTHbix j k m b o t h b i x  npuBO^MT k HaKoruieHmo b  cepoj- 
B e m e c T B e  M 0 3 r a  c B H 3 a H H b i x  c£>opM B c e x  T p e x  k m c j i o t ,  npM H eM 3M eH H O M  y p o B H e  m> 

B ß e j io M .  O ß j i y H e H w e  a ß p e H a j i s K T O M M p o B a H H b i x  j k m b o t h b i x  B b i 3 b i B a e T  w h o m  x a p a K T e j  

M3MeHeHMM.

B roMoreHaTax ceporo BemecTBa M03ra a;jpeHaji3KT0MMp0BaHHbix jkmbothbix VBe- 
JIMHMBaeTCH aKTMBHOCTb AJIT M CH M JK aeTCH  aKTMBHOCTb ACT, aK TM BH OCTb ACT CHM
JKaeTCH B Hâ OCa^OHHOM JKMßKOCTM M MMTOXOHßpMHX (pMC. 3, 4, 6).

B B e ^ e H n e  K 0 p T M 3 0 J ia  m jim  a ^ p e H a j i M H a  H e  n pM B O flM T  k  H o p M a jiM 3 a L ę n M  aKTMBHOCTp: 

cfciepMeHTOB B r o M o r e H a x e  ceporo BemecTBa M 0 3 r a  m t o j i b k o  OAHOBpeMemioe BBe^eroie 
flßyx ropMOHOB BocTaHaBJiMBaeT Mcxo/jHbiM ypoßeHb aKTMBHOCTM ACT B roMoreHaT€ 
m OTßejibHbix cyßKJieTOHHbix cbpaKLjMHx (puc. 3, 4, 5, 6). 3aK0H0MepH0e M3MeHeHiie 
aKTMBHocTH AJIT m ACT HacTynaeT nocjie oßjiyneHMH MHTaKTHbix m a^peHajiSKTO-
M M p O B aH H b lX  JKMBOTHbIX.

yKa3aHHoe CBM/jeTejibCTByeT o 3aBMCMMOCTM oöMeHa TK m CBH3aHHbix c Hen AK 
m TAMK B cepßOM u 6ejioM BemecTBe M03ra, a TaKJKe aKTMBHOCTM AJIT m ACT ot

ypOBHH KOpTMKOCTepOMflOB B OpraHM3Me a CJieflOBaTejIbHO, M COCTOHHMH rnnoiJ»M3- 
-aflpeHajiOBOM CMCTeMbi, hto 6e3ycjioßHo Haxo^MT CBoe OTpasteHMe Ha ypoBHe 
(JjyHKÎ MOHajIbHOM aKTMBHOCTM IjeHTpajIbHOM HepBHOM CMCTeMbi.
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I. A. SY T IN SK Y

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

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

The discovery tha t GABA has an (inhibitory effect on the nervous 
system of mammals has given rise to numerous experiments aiming 
at determination of its functional role. It is assumed that GABA is 
an inhibitory transm itter affecting the activity of nervous and synaptic 
transmission (Krnjevic, Schwartz 1967, Oba'ta 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 m atter and brain tumours are insufficient (Awapara et al. 1950, 
O'kumura et al. 1958, Fukai 1959, lunoue 1959, Hirosuke 1960. Waks- 
man, Faienza 1960, Jinnai, Mori 1960, Muller, Langeman 1962, Wolle- 
manin, 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 
tum ours 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 mix. GAD and GABA-T activity were determined according to 
the amount of the final products of enzymatic reaction. Samples were 
incubated in closed tubes for 30 min. at 37° in anaerobic conditions (N2) 
(Sytinsky, Priyatkina 1966). A part of each tumour or each sample of

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

RESULTS AND DISCUSSION

The daita of the components of ithe GABA system in the human 
brain 'are shown in Table 1. It was found earlier that postmortem 
changes in 'the brain tissue are followed by an increase of GABA 
content (Aveindrova e t al. 1966) only during 'the first 2—3 minutes.

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

GABA 
mg/100 g fresh wt

GAD activity 
M GABA/g/hr

GABA-T activity 
M GA/g/hr

Cortex: 
Frontal white 7-3±0-4 2-0±0-9 8-3 ±2-4
Frontal grey 19-5±l-2 6-1 ±2-8 25-0±3-0
Temporal white 3-2±0-2 l-7±0-6 7-5±l*5
Temporal grey 20-0±0-75 5-7±l-7 24-1 ±2-7
Occipital white 7-0±l-0 2-4±0-6 10-2±0-9
Occipital grey 12-3±0-7 8-8±3-0 26-0±l-7
Pons 1 0 0 ± l-8 0-9±0-4 —
Corpus callosum 7-0±0-7 — 6-8±l-3
Dura matter 2-2±0-l — —
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 m atter 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 lin the pia of the human brain should be 
stressed. Analysis of ithe data of the GABA system components in 
tumour tissue of human brain shows tha t /their content is very low 
(Table 2). It is possible, however, tha t the GABA level aind the 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 mot found in malignant tumour samples.
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Table 2. Gamma-aminobutyric acid system of human brain tumours.

GABA 
mg/100 g 
fresh wt

GAD activity 
M GABA/g/hr

GABA-T activity 
M GA/g/hr

Arachnoendothelioma (non-ma- traces —2-0 0-1—0-25 0-2—0-42

lignant tumors) (10) (10) (7)
Arachnoendotheliosarcoma traces no detectable traces —0-3

(7) activity (5)
(5)

Glioma-astrocytoma (non-ma- traces — 4’2 0-1—0-4 1-7—2-9
lignant tumors) (8) (8) (6)

Glioma-astrocytoma (malignant- traces no detectable traces —0-4
-tumors) (5) activity (4)

(6)

Number of investigations in parenthesis

The GABA-T activity in 'the tissue of multiform spongiofo 1 astoma 
however, was approximately 3 mMGA  per g per hour. The anaplasia 
and differentiation process influence no 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 
Ruseak et al. (1967) the drop of GABA level dm ra t brain cortex during 
necrobiotic processes in neurons and thedr substitution with reactive 
astroglia was observed. The morphological variety of glial cells 
corresponds to their neurochemical character.

The protoplasmatic actrocytes poor dm 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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I .  Sytinsky

SYSTEM KWASU GAMMA-AMINO-MASŁOWEGO (GABA) ISTOTY BIAŁEJ 
MÓZGU I GUZÓW MÓZGOWYCH

S t r e s z c z e n i e

Niniejsze badania podjęto w  celu określenia zawartości składników systemu  
GABA w  istocie białej mózgu człowieka, jak również glejaków składających się 
wyłącznie z komórek glejowych oraz w  innych guzach mózgu człowieka.

GABA badano ilościowo za pomocą metody chromatografii bibułowej. Aktyw
ności dekarfooksylazy glutaminowej oraz trans amin a zy a lfake togi utaro w e j GABA 
określono w  odniesieniu do produktu końcowego reakcji enzymatycznej.

H. Cmtmhckmm

CMCTEMA TAMMA - AMHHOMACJIHHHOn KMCJIOTBI (rABA) BEJIOrO 
BEIIJECTBA rOJIOBHOrO M03TA M M 03r0B B IX  OIiyXOJIEJl

C o f l e p x a H n e

H acT O H u ^ M e MCCJieflOBaHMH n p e ,z jn p n H H T b i  ijejibio o n p e f l e j i e H n H  c o c T a B a  K 0 M n 0 H e H -  

TOB c u c T e M b i  TABA B öejiO M  M 0 3 r 0 B 0 M  B e u ; e c T B e  n e j iO B e ic a  K aK  m t j im o m  c o c t o h l u h x  

MCKJiiOHMTejibHO M3 T J iM a jib H b ix  KJieTOK M B # p y r a x  o n y x o j i f l x  rOJIOBHOrO M 0 3 r a .

TABA onpeflejiejiflJiM KOJiMHecTBeHHO npw noMomw MeTo^a xpowaTorpacbuM na 
cjpmibTpoBajibHOM öyMare. Aktmbhoctm dpepMeHTOB: rjnoTaMaT-fleKap6oKcnjia3bi
ii ajib(Jia-KeT0rjiK)Tap0B0M TpaHcaMMHa3bi TABA onpe#ejiHjin b OTHomeHHH k okoh- 
'laTejibHOMy npoflyKTy eH3HMaTMHecKofł peaKijMH.
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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 lionizing radiation of active mitotic and sensitive tissues 
results in degradation of DNA not 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.

Ionizing 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 la ter than 10 min. after irradiation.

Splitting of DNA by means of acid DNA-ase was followed isipectro- 
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.

v
^  0.7 

0.6 

II«
0.4
•

•ss  02
C'S' 
$£ 0.1

15* 20 ' .  25‘
Incubation period

Fig. 1. Splitting of the brain DNA with the brain acid DNA-ase. 1 — DNA of the 
control animal, 2 — DNA of the irradiated animal. Each point represents the 

mean value of a seir'iets of experiments.

The curves of enzymatic .splitting of DNA collectted 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 inot be demomstraited because 'brain DNAnse as 
known from literature, is active only against single-stranded DNA 
(Marmur J., Rownd R., Sdhild K raut C., 1963), therefore we performed 
experiments in which against brain DNA much more active DNA-ase 
from the spieeen was used.

15' 20'
Incubation period

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 a/nimal. 
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-aise runs faster in the initial (phase of ithe 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 there1 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 in its cellular 
structure. Glial elements iare for instance 10 times more common in 
it than neurons. While capillary vessels are more frequent in grey 
m atter than (in white matter; the glia As distributed rather pro
portionally in both substances.

The study of relative radiosensitivity of such cells, as neuron, 
several types of glial cells, the endothelium of c a p illa r y  vessels within 
organs of the animal organism is extremely difficult. iWe 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 m atter 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 ithe oligodendroglia (is the place 
of myelin formation. Astrocytes are involved in maintaining ion con
centration and osmotic pressure in the CNS and especially (in ithe active 
transport of potassium and sodium lions.

In investigations on heat denaturation of DNA and DNP of white 
and grey m atter of the brain it was shown that besides the splitting 
of phosphoester bonds in DNA, taken from th e  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 denaturaitdon of DNP 10 minutes after total drradiia/tion ait the 
dose of 1150 R. 1 — DN|P o f grey matter, 2 — DNP of white matter, 3 — DNA 

of the control anlimal, 4 —DN(P 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 m atter are not significant, however the 
changes in the melting profile of DNP are much more distinct — DNP 
of grey m atter suffers more from radiation as compared with that of 
white matter.

This may (perhaps be explained by the fact 'that ithe density of cells 
and thus DNA concentration is higher in grey than in white matter. 
The higher degree of damage of DNP in grey m atter 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 amd glial satellites.

The well known fact of relative nadiior esis tanoe of brain tissue may 
be also explained by the special conditions favouring rapid postradia
tion recovery of cells from damage. lit is 'known tha t in yeast suspens
ions through which oxygen is passed recovery from postradiation 
damage is very rapiid, 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.

f / f 0 260 mß

25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 W0 
Temperature

Fig. 4. Thermal denatuiration of ithe brain DNA of rabbit during the 'irradiation 
of head at the dose of 9000 R. 1 — 10 miiinutes after the lirradliaitdon, 2 — 3 hours 
after the irradiation, 3 — 24 hours after the irradiation, 4 — T5 hours after the 
irradiation, 5 — 3 hours after the irradiation, 6 — 5 hours after the irradiation,

7 — DNA of the control animal.

E)E0 260 mß

25 30 35 40 45 50 55 60 65 70 75 80 85 SO 95 / 00
Temperature

Fig. 5. Thermal denaturation of DNP and DNA 14 days after the total irradiation 
at the dose of 150 R. 1 — DNP of white matter, 2 — DNP of grey matter, 3 — 

DNA of fwhii'te matter, 4 — DNA of grey matter.
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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 mated.

In wholebody irradiation even with small doses we did not observe 
complete reparation, only weak recovery after longer time intervals 
was observed in mosit cases. In whole-body irradiation, reparation of 
the macromolecular structure of DNA is perhaps inhibited by the 
action of hypophyseo-adrenail 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 m atter is also supported 
by the fact that cell division, is less intensive there, this giving more 
tim e for reparation.

In the grey m atter of the brain the volume of the capillary network 
is 3—4 that in the white matter. Accordingly the grey m atter 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 myelimation. According to the state
ment of Galambos (1965) i)t 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

ZM IANA STRUKTURY M AKROMOLEKULARNEJ DNA W MÓZGU  
NAPROM IENIOW ANEGO ZWIERZĘCIA

S t r e s z c z e n i e

Praca przedstawia wyniki badań nad makromolekularną strukturą DNA 
mózgu zwierząt napromieniowanych promieniami Roentgena. Enzymatyczna hy-
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droliza DNA z mózgu zwierzęcia .napromieniowanego prowadzona kwaśną DNA-zą 
ze śledziony przebiega szybciej w  początkowym etapie reakcji w  porównaniu 
z DNA z nienapromdenLawanego mózgu zwierzęcia. Fakt ten jest prawdopodobnie 
uwarunkowany sumowaniem uszkodzeń fosfoestrowych połączeń wywołanych na
promieniowaniem i działaniem enzymu.

Poza rozerwaniem połączeń fosfoestrowych w  DNA ekstrahowanym z mózgu 
napromienionych zwierząt, izmienioiny jest także wykres topliwości molekularnej. 
Topnienie to rozpoczyna się od 45—50°C, zamiast 77°C w  (kontroli. Bardziej po
glądowo zmiany te są wyrażone w wykresie topnienia DNP. DNP istoty szarej 
mózgu są silniej uszkadzane promieniowaniem jonizującym niiż DNP istoty 
białej.

Popromienna regeneracja uszkodzeń następuje w odwrotnej kolejności: Lepiej 
regenerują DNA i DNP istoty szarej niż białej. W popromiennej regeneracji 
komórki zasadnicze znaczenie ma zużycie tlenu i  jest ono promienioodporne. 
W naszych doświadczeniach obserwowaliśmy regenerację w zakresie dawek 150— 
9000 r. Procesy regeneracyjne są wyraźniejsze przy lokalnym napromienlieniu 
głowy. Po napromienieniu ogólnym .procesowi regeneracji makromolekularnej 
DNA prawdopodobnie przeszkadza podwyższenie aktywności układu przysadko
wo - nadnerczowego.

Zmianę budowy DNA .istoty białej należy odnieść prawdopodobnie do elemen
tów glejiowych w  szczególności oligodendrogleju. Ponieważ reakcja gleju na 
rozliczne czynniki szkodliwe jest jednakowa, otrzymane dane mogą przyczynić 
się do zrozumienia procesów demieliiinizacjii ii mieliLniizacji.

M. E. KaKyjiMH, I\ C. Baijafl3e

H3MEHEHME MAKPOMOJIEKyJIHPHOtf CTPyKTYPBI ßH K  
rOJIOBHOrO M 0 3 r A  OBJI^HEHHOrO X M B OTHOrO

C o f l e p x a H H e

B paóoTe MCCJieAOBajiacb MaKpoMOJieKyjinpHaa CTpyKTypa AHK rOJIOBHOrO M03ra 
npn oÓJiyneHHH jKHBOTHoro j iy n a M n  P eH T reH a . <E>epMeHTaTWBHbiü rn,ąpojiM 3 f lH K  r o -  

jiOBHoro M 03ra  oÓ JiyneH H oro »H B O TH oro kmcjiom  ^ H K - a 3 o ü  cejie3eH K H  n o  cpaBHeHMto 

c ^ H K  rOJIOBHOrO M 03ra  H eoóJ iy n eH H o ro  jKMBOTHoro, b  H anajibH O H  CTaflMM p e a K u w i  

npoiicxoflMT GbicTpee. 3 t o t  <£>aKT noBM̂MMOMy oóycjiOBjieH cyMMMpoBaHMeM noBpejK- 
fleHMił (ł>0ccj30pH03CTepHŁ.ix cBH3efł, Bbi3BaHHbix oSjiynemieM H fleficTBMeM (J)epMeHTa.

KpoMe p a 3 p b m a  <i>0c<t>0pH03CTepHbix CBH3ew y  .ZJHK, n 3 B JieH eH H O ü H3 M 0 3 ra  

o ó J i y ^ e H o r o  JKMBOTHoro M 3MeHeH npocfciMJib M O J ie K y jin p H o ro  ru iaB JieH M H . I I j ia B J ie H H e  

HaHMHaeTCH c 45—50° C, b m c c t o  77° C b  K O H T pojie . Bojiee H arjiH flH O  B b ip a r a e H b i  H 3 -  

MeHeHMH B npocj?njie njiaBjieHMH «ZJHII: flHII ceporo BemecTBa Öojibme noBpejK/jaeTCH 
M0HH3npyioii;eM pa^MauMeił, neM J^HII óejioro BemecTBa, a nocTpa/jwauMOHHoe b o c -  

CTaHOBJieHwe n o B pejK ^eH M M  npoHcxoflWT b  oóparaoM nopa/nce: j i y n u i e  BO CcTaH aBJiw - 

BaeTCH ßH K  h AHII c e p o r o  B e u je c T B a ,  neM  öejioro. B nocTpaflM auM O H H O M  B O ccT a - 

HOBJieHMM KjieTKW 0C H 0BH 0e 3 H a n e H n e  MMeeT n o T p e S j i e H u e  KMCJiopo,zi,a, a  o h o  p a ^ M O - 

p e 3 MCTeHTMo. B H a n iH X  o n b i T a x  b  ^ n a n a 3 0 H e  ^ 0 3  o t  150 ,ąo 9000 p H a ó j n o ^ a j i o c b  

BOCCTaHOBJieHMe.

r ipoueccb i BOCCTaHOBJieHMH jiynm e BbipaaceHbi np n  JiOKaJibHOM oSjiyneHHM tojiobbi. 
I lp n  oömeM oöJiyneHMM BOccraHOBjieHHio MaKpoMOjieKyjinpHOü cTpyKTypbi .ZJHK, Ha#o 

nojiaraTb, npenHTCTByeT noBbimeHne aKTHBHoem rwn0<i>H3apH0-aflpeHaji0B0M cwcTeMbi.
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Ü3MeHeHMe CTpyKTypbi ßHK 6ejioro BemecTBa, noBM̂ wMOMy, cjie^yeT oTHecT 
3na cneT rjiMajibHbix sjieMeHTOB, b  nacTHOCTM, oJiMroßeHßporjiHH. Tan KaK peaKijn 
rjiMM Ha pa3JiMHHbie Bpe,n,0H0CHbie areHTbi oßHHaKOBa, nojiyneHHbie ^aHHbie Morj 
6 b r T b  n p M B J i e n e H b i  k  n o m i M a H m o  npoueccoB a e M W 3 J i M H H 3 a i j M M  m  M H 3 j i M H H 3 a i j m
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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, 
Moldavian Academy of Sciences, Kishinev, U1SSR.

The 'biochemistry of the nervous system both theoretically and prac
tically is one of 'the most complicated >aind at itihe isame 'time extremely 
difficult fields in human and animal biochemistry owing to a  number 
of morphological and functional peculiarities of ithe nervous system. 
First of all the extreme morphological complication of texture, and the 
multiplicity and high lability of physiological functions and metabolism 
o'f 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 neurans-neur o g lia. Until recently main attention was devoted to 
exammätioin of the neurons. But the results of recent morphological 
(De Robertis, Gersohenfeld, 1961; Luse, 1962; Nakai, 1963; Hagaborn 
et al., 1963; Alex and rovsk a j a e't. all., 1965) and electraphysiological in 
vestigations (Galambos, 1961; Roitbak, 1963; Svaetichin et al., 1965) 
show th a t neuroglia take part in the -specific function of neurons. The 
confrontation of the results of separate studies on the changes in the 
metabolism of neurons and of neuroglial cells during changes in the 
functional state of the nervous system was of great interest.

Recent data show tha t these changes concern mainly nucleic 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 a t present intensively studied (Hyden and Pigon, 1960; 
Egyhäzi and Hyden, 1961; De Robertis and Gerschenfeld, 1961; Galam
bos, 1961; Hyden, 1961 a, b; Gomirato, 1963; Giacobini, 1964; Svaeti-
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ch'iin et al., 1965; Pevzner, 1965, 1966; Hyden and Lainge, 1966; Pevzner, 
Haidarliu, 1967).

It is now evident that RNA is present in nerve fibers (Edström, Eich- 
ner and Edström, 1962; Eidström, 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 various structures of the nervous 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 cytospeetrophotometry — to determine the 
nucleic acid content in the (individual nerve and surrounding glial cell 
satellites and tried to 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 th e  results obtained by spectrophotometric 
determination of the RNA content in individual nerve and glial cells 
and those of chemical analysis of small samples from the same tissue 
region during Changes in the functional state of the nervous system.

METHODS

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

The skin of ra t ipaws 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 ani
mals most pronounced during the first 5—10 min. of stimulation. After 
55—60 mim. '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 nxn.

A fter 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 Vhich 
(2—4 mg. of gray matter from the anterior horns of the spinal cord)
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was used for chemical analysis to determ ine the nucleic acid content 
tin the whole tissue by ithe modified (Hairdarliu, 1967) method of 
Tsanev a<md Markov (1960), another part was fixed in cold Brodsky 
solution: formalin-ethanol-acetic acid ( 3 : 1 :  0*3, by vol.) (Brodsky, 1960, 
Pevzner, 1965), embedded in paraffin and cut into 5—7 m- 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 (Hydeen, 1955, Pevzner, 1960, 1965) allowed to 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

Analysis of the 'homogenate of the anterior horns of ra t  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-miin. stimulation, there was no difference as compared with the 
control values.

Cytospectrophotomeitric analysis revealed more significant changes 
(Fig. 1, B). Five minutes after the beginning of stimulation the RNA 
content increased in the perikaryons of motor neurons and simulta
neously significantly decreased in the surrounding satellite glial cells. 
In the next 5 min. the RNA content decreased also in the cytoplasm 
of motor neurons. But 20 min. after the beginning of stimulation the 
nucleic acid content Increased both in nerve and glial cells and practi
cally did not differ from control values. Only prolonged stimulation 
in the course of 60 min. resulted in a significant decrease of nucleic 
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 atfter 
a 1-hr period of rest 'and was completed in 4 hrs tin 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 dm rat spinal oocrd during electric 
stimulation of skin (percentage to oowtrol value).

A  — RNA iin homogenates of the spinal cord gray matter of anterior hoTins; 
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 nucleic acid content in rat spinal cord during the 
period of rest after cessation of 60-minute stimulation. Legend as in Fiß. 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.

The1 determination of the RNA content in the cells of excited and 
intensively mov/ing animals can reveal an increase of the RNA content 
in the cytoplasm of motor 'neurons dn the anterior horns of the spinal 
cord anid a simultaneous decrease of nucleic acid content in the sur
rounding satellite glial cells. (In glial cells the total of the RNA and 
DNA was determined. iWe believed the changes of 'nucleic acid amount 
in glial cells occurring iin such short 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 neuron-meuroglia 
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 (Hyden, 1962) and on the 
cells of the superior cervical 'sympathetic ganglion of cat (Pevzner, 
1965, 1966).

iWe 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 nucleic acid content in  these two compo
nents of the neuron-meuroglia system as the result of 10-minute stim u
lation. Taking 'into account the simultaneous decrease of motor activity 
of the animals i't 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. Biit ä prolonged stimulation, pro
bably, results ultimately in a new 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 nucleic acid content iin nerve and glial 
cells revealed An exhausted animals and during the period of restitution 
corresponded on the whole to previously received data characterizing 
the metabolism of nucleic adds 'in the neuron-meuroglia system (Hyden, 
1962, Pevzner, 1965).

The decrease of the RNA content revealed iin 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 cytosp ee br oph o to metric analysis were revealed 
by examination of exhausted animals which had been electrically 
stimulated for 60 mdn. In ithe cytoplasm of neurons and the surrounding 
satellite glial cells 'there occurred a decrease of nucleic acid content, 
whereas homogenate analysis did not reveal any significant changes. 
In this case the RNA amount An 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 
braiiin homogenates and sections could also lead 'to the differences in 
composition of the RNA fractions and changes iin 'its physical and che
mical properties, which could be reflected iin 'the results of quantitative 
RNA determination.

Thus, the results of cybospectrophotometric analysis allowed to 
characterize the changes in RNA metabolism in the bodies of nerve 
and glial cells. But 'these changes did not 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 th e  same regions of the nervous system »afforded indirect data 
on RNA metabolisim as a whole in the processes of nerve and glial 
cells, i.e. in the ’’process component”.

These findings seem to indicate that with pronounced changes in the 
functional state of the 'nervous sys>tem, there also occur definite chan
ges in the RNA content in the processes of nerve and glial cells, which 
can influence ithe 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 into account.

I iam very grateful to Dr. Leonid Pevzmer for his interest and help
ful comments.

S. Ch. Haidarliu

/CZYNNOŚCIOWE ZMIANY ZAWARTOŚCI RNA W ELEMENTACH 
KOMÓRKOWYCH RDZENIA KRĘGOWEGO 

[ S t r e s z c z e n i e

Heterogenic znoś ć morfologiczna tkanki nerwowej jest przyczyną istotnych 
trudności w  ocenie zmlian zawartości RNA w  różnych strukturach tej 'tkanki.
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W niniejszej pracy przy pomocy metody c y to spek tr of otometraii iw ultrafiolecie
0 dwóch długościach fali określono zawartość RNA w  komórkach nerwowych
1 o t a c z a j ą c y c h  j e  g l e j o w y c h  k o m ó r k a c h  s a t e l i t a r n y c h ,  a  t a k ż e  z b a d a n o  z a l e ż n o ś ć  

m i ę d z y  p o z i o m e m  z a w a r t o ś c i  k w a s ó w  n u k l e i n o w y c h  w  t y c h  k o m ó r k a c h  i s t a n e m  

c z y n n o ś c i o w y m  u k ł a d u  n e r w o w e g o .  O p r ó c z  t e g o  p o d j ę t o  p r ó b ę  o k r e ś l e n i a  d r o g ą  

p o ś r e d n i ą  z m i a n  z a w a r t o ś c i  R N A  w  „ k o m p o n e n c i e  w y p u s t k o w e j ” ( n e u r y t y ,  i  d e n -  

d r y t y  k o m ó r e k  n e r w o w y c h ,  w y p u s t k i  k o m ó r e k  g l e j o w y c h )  i s t o t y  s z a r e j  r d z e n i a  

n a  p o d s t a w i e  p o r ó w n a n i a  d a n y c h  o t r z y m a n y c h  p o  s p e k t r o f o t o m e t r y c z n e j  a n a l i z i e  

R N A  w  p o j e d y n c z y c h  k o m ó r k a c h  n e r w o w y c h  i  g l e j o w y c h  z  c h e m i c z n ą  a n a l i z ą  

m a ł y c h  n a w a ż e k  t y c h  s a m y c h  o k o l i c  r d z e n i a  p o  z m i a n i e  s t a n u  c z y n n o ś c i o w e g o  

u k ł a d u  n e r w o w e g o .

W warunkach elektrycznego drażnienia skóry, zastosowanego przez nas do 
niniejszych doświadczeń, zmiany zawartości R N A  w  ciałach komórek nerwowych
i glejowych nie wykazały decydującego wpływu na wyniki analizy całkowitej 
(pełnej) tkanki, prawdopodobnie na skutek stosunkowo niewielkiej objętości oiał 
tych komórek w  ogólnej masie tkanki nerwowej. Otrzymane wyniki poziwalają 
przypuszczać, że przy gwałtownych zmianach stanu czynnościowego układu ner
wowego zachodzi również określona zmiana zawartości R N A  w  wypustkach ko
mórek nerwowych i glejowych, mogąca wpływać na wyniki analizy pełnej tkanki.

C. X. XaM#apjiny

3 > y H K U M O H A J I b H b I E  M 3 M E H E H M H  C O f l E P X A H M H  P H K  B  K J I E T O H H b I X  

K O M n O H E H T A X  C IT M H H O r O  M 03rA

C o f l e p j K a H w e

M o p c j p o j io r H H e c K a H  r e T e p o r e H H O C T b  H e p B H o f i  TKaHH npMBOflMT k 3H aH M T ejibH biM  

TpyflHOCTHM n p M  ou;eHKe M3MeHeHHM c o f lep jK aH M H  P H K  b  p a 3 J iH H H b ix  e e  C T p y K -  

r y p a x .

B  H acT O H m eił p a 6 o T e  MeTOßOM ßByxBOJiHOBOü y<5>-ijM T0cneKTp0cjD0T0M eTpm i o b ij io  

o n p e^ e J ieH O  KOJiMHecTBO P H K  b H ep B H b ix  u  o K p y jK a io m w x  h x  r jm a j ib H b ix  K J ie x K a x -  

-caT ejiJ iM T ax, a  TaKJKe H 3 y n e H a  3 aB n cn M ocT b  MeJKßy yp oB H eM  coflep>KaHMH H y K J ie n -  

HOBblX KMCJIOT B  3TMX KJieTKaX M CjpyHKIJM OHaJIbHblM  COCTOHHWeM HepBHOfł CM CTeM bl. 

K p o M e  T oro , ö b i j ia  n p e ^ n p u H a T a  n o n b iT K a  KocBeHHbiM n yT eM  onp e^ eJiM T b M3MeHeHHii 

co^epjKaHM H P H K  b „ o t p o c t k o b o m  KOMnoHeHTe’’ ( a x c o H b i  m ßeH flpw T b i H e p B H b ix  

KJieTOK, OTpocTKM TJiwajibH bix KJieTOK) c e p o r o  B em e c T B a  cnM HHoro M 03ra  Ha ocHOBe 
cpaBHeHMH ^ a H H b ix , n o j iy n e H H b ix  n p w  cneKTpo(J)OTOMeTpMHecKOM o n p e f f e j i e m m  P H K  

B OTfleJIbHblX HepBHbIX M TJIMajIbHblX K Jie T K a X  H  XHMHHeCKOM aHaJIM3e M ajIblX H a -  

B e c o K  T e x  JKe ynacTKOB M 0 3 r a  n p w  n 3 M e H e H n n  ( h y H K U M O H a j i b H o r o  c o c t o h h m h  H e p B H O i i  

CMCTeMbl.

B  yCJIOBIlHX 3JieKTpOKOJKHOrO pa3flpa?KeHMH, KOTOpbie Mbl npMMeHMJIM B H aniH X  

3 K c n e p n M e H T a x . M3MeHeHHH KOJiprnecTBa P H K  b T eJ iax  H e p B H b ix  m r j iw a j ib H b ix  KJie- 

TOK He 0K a3ajiH  p e m a i o m e r o  bjim hhm h Ha p e 3yjib T aT b i a H a j in 3 a  u e j ib H o w  t k 3 h m ,  

no-BHflMMOMy, rjiaBHbiM 0 6 p a 3 0 M  BCJie^CTBne cpaB H irrejibH O  H e ö o J ib iu o r o  o ö b e M a  TeJi 

KJieTOK B o ó m e w  M a cce  HepBHOfł t k 3 h h .  n o j iy n e H H b ie  a a H H b ie  n03B0JiH i0T A yM arb ,  

HTO n p w  p e 3 K M X  M 3M eH eH M H X  CpyH K U M O H aJIbH O rO  COCTOHHMH H epB H O M  CHCTCMbl TaKJKe 

n p o H cx o ^ H T  o n p e ^ e j ie H H b ie  n3MeHeHHH coßepjK aH H H  P H K  b O T pocT K ax H e p B H b ix  

u  r j iw a jib H b ix  KJieTOK, KOTOpbie M oryT BJiHHTb Ha p e 3 y j ib T a r b i  aH ajiM 3a ijejibH O ii  

TKaHM.
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