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METABOLIC CHARACTERISTICS OF ETHYLNITROSOUREA —
INDUCED BRAIN TUMOURS

Institute of Pharmacology and Neurosurgical Clinic, University of Milan, Italy

Sterols show the most remarkable characteristics among the lipid
components of brain tumours. Evidences were given that both human
(Azarnoff et al. 1958) and experimental brain tumours (Paoletti et al.

1966, Fumagalli et al. 1969) incorporate simple precursors into cholesterol
at a much faster rate than mormal adult brain of the same species.

Our group demonstrated that, very efficient sterol synthesis in brain
tumours is accompanied by a defect in the last step of cholesterol for-
mation; that is transformation of desmosterol to cholesterol. Desmosterol
differs from cholesterol only by the presence in the molecule of a double
bond in position 24—25 of the lateral chain, which is saturated to form
cholesterol by means of desmosterol reductase (Avigan, Steinberg 1961).
This enzyme activity is very high in the liver, since desmosterol is
saturated very quickly (Dempsey 1965), while it must be deficient in
immature brain and in brain tumours since both tissues accumulate
desmosterol (Fumagalli, Paoletti 1963, Fumagalli et al. 1964, Paoletti
et al. 1965).

In fact biosynthetic studies have shown that both in developing brain
(Grossi-Paoletti 1971) and brain tumours (Fumagalli et al. 1969) des-

mosterol formation is much faster than cholesterol synthesis. Desmo-
sterol has been detected in human gliomas (Fumagalli et al. 1964) in
spontaneous animal tumours (Fumagalli et al. 1966), and in experimental

ependymoblastomas (Fumagalli et al. 1966).
Very recently we have produced tumours of the nervous system in

mature rats treated with methylnitrosourea (Schiffer et al. 1970) or in
rats born from mothers treated with ethylnitrosourea during pregnancy
(Grossi-Paoletti et al. 1970) according to Druckrey et al. (1971). Desmo-
sterol concentration has been measured in these tumours and it has been
shown to be higher than in any_gther tumour type tested (Weiss et al.
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The present report deals with the chemical analysis of neurinomas
both. Gasserian and of the spinal cord induced in Long Evans rats by
administering ethylnitrosourea within 24 hrs. after birth either sub-
cutaneously or intracerebrally. The total sterols and desmosterol levels
have been measured. Protein and DNA concentration and H3-Thymidine
incorporation into DNA have also been evaluated in brain tumours as
well as in liver, and in mervous tissue of tumour bearing rats and of

non-treated controls.

EXPERIMENTAL DATA

Animals: Litters of Long Evans rats have been divided into three

groups at the day of birth:
Group I: control rats injected with saline at the day of birth.

Group II: newborn rats injected subcutaneously with 50 mg/Kg ENU
within 24 hrs after birth.

Group III: newborn rats injected intracerebrally (in parietal lobe)
with 50 mg/Kg ENU within 24 hrs after birth.

The experimental conditions referring to drug solution and animal
care have been reported previously (Grossi-Paoletti et al. 1970).

Thymidine incorporation into DNA: Control rats and
rats bearing a tumour of the central nervous system were injected sub-
cutaneously with 6-3H-Thymidine 50 wCi/Kg (specific activity:
10 wCi/wmole) after 4 hour fasting. The rats were sacrificed 4 hrs. after
the administration of the labelled compound and carefully dissected.
Aliquots of tissues were taken for chemical analysis and aliquots were
spared for histological examination performed by prof. Schiffer and
Fabiani of the Neurological Clinic, University of Turin.

The tissues were weighed and homogenized in distilled water (2 m1/100

mg wt.). Aliquots of the homogenate (0.4 ml) were transferred to discs
of filter paper and dried carefully with a fan. Afterwards they were

immersed in cold 10% trichloracetic acid (TCA) and allowed to stand
for 2 hours. After transferring into cold 5% TCA (1 hr), in ethanol: ether
75 :25 (30 min.) and in ethyl ether (30 min), the discs, completely dried,
were then dropped into counting vials and measured for radioactivity
with a Packard 3000 Scintillation counter. It was assumed that all the
radioactivity found was present as DNA (Bucher et al. 1964). The count-
ing efficiency was determined by redissolving some of the samples in
NCS (Nuclear Chicago) and counting.

Chemical determinations: Separate aliquots of the tissue
homogenates were precipitated with cold ‘TCA and the lipid material
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Nr 2 Ethylnitrosourea induced brain tumours 101

was extracted with ethanol and ether by repeated washings. DNA and
RNA were obtained from the residual precipitate by redissolving in
TCA and heating. DNA content was measured according to Burton (1956).
The residue, free of nucleic acids, was dissolved by heating in N NaOH
and the proteins were measured according to Lowry et al. (1951). The
total sterols, purified through saponification of the lipid material and
extraction with ether, were measured according to Abell et al. (1952).
After acetylation of an aliquot of the sterol fraction, desmosterol content
was evaluated by gas-liquid chromatography (Galli, Grossi-Paoletti 1967).

RESULTS AND DISCUSSION

The incidence of tumours of the nervous system was very high both
when ethylnitrosourea was injected subcutaneously as already observed
by Wechsler et al. (1969), and when the drug was injected directly into
the brain.

The results obtained using this last route of administration are in
contrast with those obtained by Kelley et al. (1968) using rats and mice.
These authors did not obtain brain tumours in both species after intra-
cerebral injection of MNU (methylnitrosourea) in mewborn animals,
which instead died of leukemia, lung or kidney tumours. The high inci-
dence of brain tumours in our rats may be explained by drug difference:
MNU is usually effective on mature rats, while ENU and other related
ethyl derivatives are very effective only when given to fetal or newborn
rats, as pointel out by Druckrey et al. (1971).

The tumour induction time and the tumour types obtained in the rats
treated at the day of birth are reported elsewhere (Grossi-Paoletti
et al. in publication). However, it should be noticed that more than 80%
of the treated rats of both Group II and III had tumours of the nervous
system and that the tumour types obtained were very similar to those
of the transplancentally treated rats (Grossi-Paoletti et al. 1970). Neuri-
nomas were the most frequent tumours and the most suitable for estima-
tion of total sterol and desmosterol content, DNA concentration and syn-
thesis.

The total sterol content was determined in tissues both from control
and tumour bearing rats (Fig. 1). The liver sterols averaging 2 mg per
gram tissue in control rats were higher only in Group III rats. In the
brain, the total sterol content of gray matter was slightly higher in tu-
mour-bearing rats than in control ones, while in the white matter signifi-
cantly lower amounts were present in tumour-bearing animals; there
was also a tendency in the spinal cord toward a decrease of the total
sterols.

http://rcin.org.pl
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As observed for other tumours of the nervous system (Brante 1949,
Gopal et al. 1963) the neurinomas both of the Gasser ganglion and of the
spinal cord have a low sterol content, ranging from 2 to 5.5 mg per
gram of wet tissue.

Desmosterol content has been determined. The liver and nervous
tissue of control rats did not show the presence of this sterol, while
in some of the samples of gray and white matter and of spinal cord
of treated rats appreciable amounts of desmosterol were detected (1—2%
of the total sterols). The desmosterol content of the examined neurinomas
(Fig. 2) was larger in Gasser tumours (7—7.5% of total sterols) than

TOTAL STEROLS
(mg/g wet tissue +S.E.)

D controls
14 0]
subcutaneous injection
12.0
intracerebral
10.C
80
6.0
4.0
2.0 Q
{ Is N
n*of cases § 9 1 Si9m ok L Lidvd B2 Vi
LIVER GRAY WHITE SPINAL GASSER  SPINAL
MATTER MATTER CORD NEURINOMAS

Fig. 1. Total sterol content measured in tissues of control rats (Group I) and of rats
injected at birth with ENU either subcutaneously (Group II) or intracerebrally
(Group IIT) and sacrificed when clear tumour symptoms occurred.

in spinal cord tumours (4.5—5.5%) of both group II and III rats. This
result agrees well with that found in neurinomas induced by ENU

transplacental administration, which have high desmosterol levels in
contrast with MNU induced neurinomas, in which desmosterol was not

detectable (Weiss et al. 1970).

The present data are in agreement also with the finding of desmosterol
in other brain tumours, that is in human (Fumagalli et al. 1964), animal
spontaneous (Fumagalli et al. 1966) and mice transplantable gliomas
(Paoletti et al. 1965). It should be noticed however that the Gasser
neurinomas induced by ENU administration have a desmosterol content
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DESMOSTEROL (3 OF TOTAL STEROLS + S.E)

l_ controls

D subcutaneous injection

intracerebral injection
10
795
5
25
n®of cases 52 3 AR 13
NERVOUS GASSER SPINAL
TISSUE NEURINOMAS NEURINOMAS

Fig. 2. Desmosterol content (as percent of the total sterols) in brain and tumours.
Rats grouped as in Fig. 1.

superior to any other tumour except for MNU or ENU-induced oligoden-
drogliomas (Weiss et al. 1970).

Protein content has been measured in all the above mentioned tissues
(Fig. 3). Liver proteins do not differ substantially in control and treated
rats and range between 160 and 180 mg per gram of wet tissue. The
protein content of gray and white matter is also similar in control and
treated rats (6580 mg per gram tissue). Spinal cord samples show
a slightly lower protein content as well as the neurinomas (60—70 mg
per gram tissue). Literature data on brain tumour proteins indicate an
increase of the soluble proteins in the tumours (Corridori et al. 1960,
Gerhardt et al. 1963), while in experimental neurinomas the total protein
content is lower than in mnormal brain tissue. A workup of the other
analytical data on a protein basis did not change considerably the results,
which for this reason are reported on a wet weight basis.

A remarkably high DNA content is present in neurinomas both of the
Gasser ganglion (4.5 mg/g tissue) and of the spinal cord (3—5 mg/g
tissue), with a large variation in some of the cases (Fig. 4) and a low"
DNA content in normal nervous tissue. The present data correspond well

http://rcin.org.pl
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PROTEINS (mg/g wet tissue *S.E.)

[:] controls

N subcutaneous injection

intracerebral injection
209 |
15()1
100
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n*of cases 5 8 10 &7 1 324 2 4 04 4 6 1.3
LIVER GRAY WHITE SPINAL GASSER SPINAL
MATTER MATTER CORD NEURINOMAS

Fig. 3. Protein content in liver, gray and white matter, spinal cord, Gasser and
spinal neurinomas. Rats grouped as in Fig. 1.

DNA (mg/g wet tissue +SE)

D controls
subcutaneous injection

6.0 intracerebral injection

5.0

3.0 : \ d

.

2.0 § §

\ \

X \

n® of cases 5 9 10 5 810 20436 R 1 4
LIVER GRAY WHITE SPINAL GASSER SPINAL
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Fig. 4. DNA content in liver, gray and white matter; spinal cord, Gasser and spinal
neurinomas. Rats grouped as in Fig. 1.
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with the data reported in the literature for other brain tumours (Heller,
Elliott 1955, Nayyar 1963, Yonemasu 1968).

The incorporation of thymidine into nucleic acids, which expresses DNA
synthesis, has been measured with the aim of establishing a parallelism
between tumour proliferation rate and desmosterol content. The results,
expressed as dpm per gram of tissue of 3H-thymidine incorporated into
DNA are reported (Fig. 5). It may be noticed that a very small amount

6-2H-THYMIDINE INCORPORATION INTO NUCLEIC ACIDS
(dpm/g wet tissue tS.E.)

?:DOT D controls
N LE. sc
L€ e
400
NS
300 §\§
E;E
200 §
‘ \
N\
\
100 §
\
N\
\
n® of cases 5 91 S9N 321 5 7 5 4 6 13
LIVER GRAY WHITE GASSER SPINAL SPINAL
MATTER MATTER NEURINOMA  CORD NEURINOMA

Fig. 5. Thymidine incorporation into nucleic acids (DNA) as dpm incorporated/g
wet tissue. Rats grouped as in Fig. 1.

of incorporation was detected in the liver of control rats; while a signifi-
cantly higher incorporation was present in the liver of Group II and
IIT rats. Gray and white matter as well as spinal cord, as expected,
did not incorporate thymidine into DNA to an appreciable extent, while
the same tissues of treated rats in some cases showed DNA synthesis.
A remarkable thymidine incorporation was detected in the tumours and
the Gasser neurinomas were particularly efficient in this respect.

It has been shown that a correlation can be made between growth
rate and thymidine incorporation into DNA of hepatomas (Lea et al. 1966)

http://rcin.org.pl
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and also into kidney tumours (Lea et al. 1968), and it has been observed
that brain tumours concentrate labelled thymidine presumably in DNA,
as shown by autoradiography (Johnson et al. 1960, Kissel et al. 1967,
Wechsler et al. 1969). The present data are indicative of a high DNA
synthesis in ENU induced neurinomas, which agrees very well with
the high proliferation rate and malignancy of these tumours (Grossi-
-Paoletti et al. 1970, Wechsler et al. 1969).

When comparing DNA synthesis and desmosterol content of tumours
(Fig. 6) it may be observed that within the examined groups of rats

DNA DESMOSTEROL
(*H-Thymidine incorporation)
dpm/g Ha/g

tissue tissue -

x10° D s.c. (newborn)
400

40 f:l 1 ¢ (newborn)

1

controls

300

200

100

a8 3

n*of cases 5 8 10 3.7 3 5 8 10 4 7 3
BRAIN GASSER  SPINAL BRAIN GASSER  SPINAL
NEURINOMAS NEURINOMAS

Fig. 6. Left side: DNA synthesis (as thymldme incorporated per g tissue).
Right side: Desmosterol content (ug/g tissue) in brain and tumours. Rats grouped
as in Fig. 1.

a larger incorporation of thymidine in Gasser neurinomas (dpm/g tissue)
is accompanied by a larger desmosterol content (ng/g tissue) in the same
tumours. It is therefore concluded that there may be a correlation bet-
ween these two parameters which represent respectively cell proliferation
and metabolic activity of the tumours.

The presence within the brain or the spinal cord of rats, sacrificed
either for a Gasser or spinal neurinoma, of areas showing thymidine
incorporation and desmosterol in detectable amounts, may be correlated
with the oligodendroglial foci which are observed in the brain of these
rats (Grossi-Paoletti et al. 1970). The fact that in the animals surviving

http://rcin.org.pl
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longer oligodendriogliomas, gliosarcomas and other tumours appear, to-
gether with the biochemical findings, entitles us to interpret these as pre-
tumoral areas (Schiffer et al. 1970, Grossi-Paoletti et al. in publication).

Acknowledgements: This research has been partially supported by the Italian
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E. Grossi-Paoletti, S. Pezzotta, P. Paoletti

METABOLICZNE WEASCIWOSCI GUZOW MOZGU WZBUDZONYCH
ETYLONITROZOMOCZNIKIEM

Streszczenie

Badano zawarto§é i strukture steroli w mnerwiakach zwoju Gassera i rdzenia
kregowego szczura, wzbudzonych jednorazowym, podskérmym Ilub domoézgowym
wstrzyknieciem etylonitrozomocznika w dniu urodzenia. W guzach tych stwierdzono
wysoki poziom desmosterolu.

Zawarto§é DNA w guzach byla wysoka w poréwnaniu z zawarto§cig w prawidto-
wej tkance, a jego synteza ze znakowanej tymidyny bardzo wydajna. Guzy wy-
kazujgce majwyzsze wigczanie tymidyny do DNA charakteryzowaly sie réwniez
najwiekszg zawarto$cia desmosterolu.

E. I'poccn-ITaonerrn, C. ITenmorra, II. ITaomertn

METABOJIMYECKUE CBOVICTBA OIIYXOJIEM MOS3TA, BBI3BBAHHBIX
STUIIHUTPO30MOYEBMHOM

Pe3dome

WUccnenoBanyu cojepxanue M CTPYKTYPY CTepclieit HeBpuHom I'accepoBa y3na m
CIIMHHOT'O MO3Ta KPBIChI, BbI3BAHHBIX OJHOKPAaTHOM, IIOAKOXKHOM MJIM BHYTPMMO3rOBOM
MHBEKLMEN 3TUIHUTPO30MOYEBMHBLI B JHe POXKAeHuA. B atux onyxonaax Obin obHa-
PY?KeH BBICOKMII YPOBEHb JeCMOCTCpPOJia.

Coxepxanne JHK B onyxonsax OBLIO BBICOKOE B CPaBHEHMM C COAeprxKaHuMeMm
E HOPMAJIbHOI TKaHM a €ro CuHTe3 M3 MEYEHHOro TMMMAMHA AaBaJ O4YeHb OOJIBLLION
BbIXOJ. Onyxoam oOHapymuBarmwlMe CaMyI0 BBICOKYIO CTelleHb BKJIOUCHMUA TUMM-
anmHa B JHK xapakrepyu3oBajuch TaKiKe CaMbIM BbICOKMM COJAEpIKaHMeM JecMo-
crepoJia.
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M. 1. Prockorova, S. Y. Tumanova, T. V. Tchaika

LIPID METABOLISM OF HUMAN BRAIN TUMOURS
Leningrad State University, Leningrad, USSR

A common feature of neoplastic degeneration of the cells is the altera-
tion of their membranes. An unitary membrane defect can be postulated
to account for the variability characteristic of tumour behaviour (Wallach
1968). It changes the structure of lipoprotein complex which forms a func-
tional unit of any membrane (Curtis 1967). Since lipids constitute more
than 50% of the whole mass of this complex, neoplastic degeneration of
the brain tissue could result directly in the change of lipid metabolism.
The phospholipids and glycolipids play a particular role in the membrane
structure. From the latter, especially the gangliosides are specific for
neuronal, dendritic and nervous endings membranes (Landolf et al. 1966,
Lapetina et al. 1967). The phospholipid composition of tumour tissue
has been extensively investigated and a detailed comparison of these
compounds with those occuring in the normal tissue has given much
information on the general metabolic behaviour of tumour tissue (Figard,
Greenberg 1962, Gopal et al. 1963, Gray 1963, Kawanami 1967, Snyder
et al. 1969, Djatlovizka et al., 1969a, 1969b, 1970, 1971, Wood, Healy 1970).
The glycolipids in tumour tissue have received very little attention
and the information about their metabolism in the human brain tumours
is very scanty (Seifert 1966, Brady et al. 1969, Kostic et al. 1970).

This paper presents our data concerning the total lipids of some
neuroectodermal and meningovascular tumours with particular emphasis
on the gangliosides and cerebrosides.

MATERIAL AND METHODS

All tumours specimens vere obtained from the surgical material from
Polenov’s Neurosurgical Clinic, Leningrad. In certain cases the adjacent
cortex was removed to serve as control material. The histological exami-
nation of the control portions of the brain revealed no pathological
changes. The histological diagnosis of neoplastic tissue was performed
in the Anatomopathological Department of Polenov’s Neurosurgical

http://rcin.org.pl



112 M. 1. Prockorova et al. Nr 2

Clinic. The following intracranial tumours were analysed: brain astro-
cytomas (typical, continued growth, dedifferentiated) neurinoma n. VIII,
malignant ependymoma; meningiomas (typical, dedifferentiated, mali-
gnant), angioreticuloma.

All neoplastic tissues as well as the adjacent normal brain tissue were
washed with an isotonic saline solution to remove traces of blood. The
homogenized tissue was extracted with 20 times the tissue weight of
chloroform-methanol (2 :1 wv/v). The total lipids of neoplastic tissues
were extracted and washed by the method of Folch et al. (1957). The
total lipids were fractionated on silica gel KCK. Approximately equal
amounts of total lipids were taken on each plate. The solvent system
used to develop the chromatograms was hexane-ether-acetic acid
(70 : 30 : 2 v/v). The chromatograms were developed with iodine vapour.
Components were identified by comparison with commercial standards
run on the same plate. Phospholipids remained at the origin. The- neu-
tral lipid content was analyzed by thin-layer chromatography in the
above system.

Gangliosides were extracted by the method of Svennerholm (1956) as
modified by Folch-Pi (1959). After dialysis and lyophilization, the gan-
gliosides were dissolved in chlorophorm-methanol (1 : 1 v/v) and analysed
for the total N-acetylneuraminic acid by the resorcinol method described
by Svennerholm (1957) and modified by Miettinen and Takki-Lunkkainen
(1959). The ganglioside mixture was separated by thin-layer chromato-
graphy on silica gel KCK in chloroform-methanol-water (60:35:8 v/v).
Gangliosides were localized by impregnation of the plates with the re-
sorcinol solution. The individual gangliosides were identified by compa-
rison with a standard mixture of brain gangliosides chromatographed
under the some conditions.

Cerebrosides were extracted by the method of Uzman (1953). The
content of cerebrosides was estimated by galactose using the orcin
method of Svennerholm (1955). After crystallization from acetone, chro-
matography of cerebrosides on silica gel KCK was done in chloroform-
-methanol-water (60 : 35:8 v/v). Cerebrosides were localized by expo-
sure of the plates to iodine vapours.

RESULTS AND DISCUSSION

All types of the examined tumours contained scanty amounts of lipids
(Table 1). The normal human brain tissue contains average 11.3% total
lipids per wet weight. Their level in the examined tumours was consi-
derably decreased. The lowest content of the total lipids was found in
the case of the meningioma III° (malignant meningioma) — 0.64%. At
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the same time dedifferentiated astrocytoma contained 6% of total lipids.
The total lipids of the angioreticuloma constituted 5.7% and in neuri-
noma — 1.7%. In the meningovascular tumours the decrease of total
lipids was manifested more sharply than in the neuroectodermal tumours.
If in the line of meningovascular tumours one could observe the decrease
of total lipids depending on the grade of anaplasia so in the line of neuro-
ectodermal tumours this relationship was evidently disturbed (typical
astrocytoma — 3.5%; continued growth astrocytoma — 3.0%; dedifffe-
rentiated astrocytoma — 6.0%; malignant ependymoma — 2.0%). At
present it is impossible to explain this phenomenon in a suitable way.

Table 1. Total lipids, gangliosides and cerebrosides of human brain tumours

Total lipids Gangliosides | Cerebrosides

Samples i % w.w. | pmNANA % W.w.

Controls 11.3 1.20 1.5
Neuroectodermal tumours |

typical astrocytoma | 3.5 0.37 j 0.40

cont. growth astrocytoma 3.0 ‘ 0.39 0.31

dedifferen. astrocytoma 6.0 0.11 0.25

malignant ependymoma ! 2.0 0.34 0.04
Neurinoma VIII 1.7 0.45 0.43
Meningovascular tumours !

typical meningioma ‘ 3.0 0.25 - 0.40

dedifferen. meningioma 2.4 0.25 0.43

malignant meningioma 0.6 ‘ 0.11 : 0.94

angioreticuloma ‘ 5.7 0.58 0.31

It had been shown before that the phospholipid compositions of the
tumour cells did not markedly differ from those of a normal brain tissue.
It was of some interest to define if there were any variations in compo-
sition of neutral lipids in human brain tumours. As may be concluded
from the results obtained by thin layer chromatography, numerous
fractions of neutral lipids are present in the neoplastic tissue but their
number is lower than that found in the control material. We succeded
in detecting the following fractions in normal tissue of human brain:
phospholipids which remained at the origin, cholesterol (Rf-0.23), mono-
glycerides (Rf-0.37), free fatty acids (RF-0.42), diglycerides (Rf-0.55),
triglycerides (Rf-0.62) a nonidentified fraction (Rf-0.73) and cholesterol
esters (Rf-0.81). On the chromatographic plates, almost all of the examin-
ed tumours showed the following distinct fractions: free fatty acids,
cholesterol esters, triglycerides and nonidentified fraction, which we like
to attributed to the fatty acid esters. The enhanced occurence of the
ester linkages in neoplasms is not due to an increased biosynthesis of
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ester bonds but could occur owing to the absence of enzymes that cleave
the ester bond (Snyder et al. 1969).

We have not succeeded in detecting cholesterol in the cases of dediffe-
rentiated astrocytoma, angioreticuloma, malignant ependymoma. In the
literature, the loss of feedback control in cholesterol biosynthesis in tu-
mours had already been reported (Siperstein et al. 1966).

A slowly moving fraction with Rf-0.09 appeared close to the phospho-
lipids in dedifferentiated astrocytoma and angioreticuloma.

The absence of the mono- and diglycerides was a common feature of
all the examined tumours with the exception of dedifferentiated astro-
cytoma, angioreticuloma and neurinoma where the diglycerides have
been detected (Table 2). Such a difference in a character of the neutral
lipids component may result from the break in the metabolism of diffe-
rent lipids in every specific case.

Table 2. Components of tota! lipids of human brain tumours
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The content of gangliosides in the tumours sharply decreased (Table 1).
The level of the gangliosides in dedifferentiated astrocytoma and me-
ningioma III° was ten times lower than that in the normal tissue.
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A recent quantitative investigation by Slagel et al. (1967) showed that
in some human glial brain tumours, particularly those with a high degree
of malignancy, a lower concentration of total ganglioside NANA was
also found. The concentration of gangliosides in the tumours with a low
degree of malignancy (astrocytoma, neurinoma, meningioma, angioreti-
culoma) was only two to three times less than that found in normal
surrounding brain tissue.

The distribution of different gangliosides in brain tumours was
changed (Figs. 1 and 2). In normal human brain, 9 individual fractions

r I l
| |
; \C:?
L
| BB R R i

Fig. 1. Ganglioside patterns of human brain tumours. N — control,_ 1 — typical
meningioma, 2 — dedifferentiated meningioma, 3 — malignant meningioma, 4 —

e angioreticuloma
(<mn
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R @ Sewsrse /e
D 2 f ey @
e, el
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% P e e e

i
N 5 6 7 8 9
Fig. 2. Ganglioside patterns of human brain tumours. N — control, 5 — typical

astrocytoma, 6 — continued growth astrocytoma, 7 — dedifferentiated astrocytoma,
8 — neurinoma VIII, 9 — malignant ependymoma

of gangliosides were detected. Every examined brain tumour exhibited
its own character of distribution of gangliosides; this considerably
differed from the control. The alterations were due to the general de-
crease in number of slowly moving fractions and increase in number
of the fast moving ones.
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The malignant meningioma had only three polar fractions of mono-
sialogangliosides and no di- and trisialogangliosides at all. In all examin-
ed tumours, the slowest two fractions of trisialogangliosides were absent.
These data differed somewhat from the results obtained by Koéstic et al.
(1970). These authors demonstrated that the amount of less polar ganglio-
sides was increased in malignant tumours while that of the more polar
gangliosides relatively decreased. Nevertheless, these authors showed
that astrocytoma had a lower di- and trisialogangliosides content than
normal human brain tissue. In five examined tumours (dedifferentiated
and malignant meningioma, angioreticuloma, neurinoma, dedifferentiated
astrocytoma), we observed a minor fraction which moved faster than
other monosialogangliosides. The composition of this fraction remains
to be determined. Similar data have been found by Koéstic et al. (1970)
in meningiomas. The authors also showed that the level of the minor
fraction increased in tumours with the increasing degree of malignancy.

Thus, the neoplastic degeneration concerned the heterogenity of mono-,
di- and trisialogangliosides. So far, it is very difficult to explain these
results. One may suppose that the special enzymes catalysing the bio-
synthesis of these compounds are deeply perturbed in different tumours.
Numerous enzymes are involved in the synthesis of gangliosides and
it is likely that the activities of certain enzymes participating in the
formation of a particular molecule are altered. The tumour cells may
be loosing the ability to control the various process which permit syn-
thesis of gangliosides at normal cellular and tissue level.

The concentrations of cerebrosides in the tumours were less than those
found in normal human brain (Table 1). However, we could not establish
any straight relationship between the contents of cerebrosides and the
degree of malignancy.

The malignant ependymoma had 0.04% cerebrosides per wet weight
and the malignant meningioma — 0.94% w.w. Our data in that respect
are in agreement with those of other authors. It is possible that the
decrease in cerebroside content is connected with the cerebrosidase acti-
vity of tumour cells. Popova and Promyslova (1971) reported that astro-
cytomas and oligodendriomas possess such an activity. The increase in
level of cholesterol esters and the drop in level of cerebrosides may result
from the demyelination process occuring in brain tissue involved by the
tumour.

The heterogeneity of cerebrosides in tumours varied considerably
(Figs. 3 and 4), from one tumour to the other. Samples of normal human
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brain revealed five individual cerebroside fractions. The first two frac-
tions were sulphatides and the others were neutral ceramide hexosides.
Thus beside the number of fractions, their mobility was changed too. In
meningioma and angioreticuloma we detected 3 fractions, in astrocytoma
— 6 individual fractions, whereas in all other tumours only 4 fractions
were found. The alteration in the mobility of those fractions is a result
of the change in cerebroside structure of tumours. Perhaps it is related
to the variation of mono-, di-, tri- and tetrahexoside ceramides.

C=D
|25 S
N 1 2 3 4

Fig. 3. Cerebrosides of human brain tumours. N — control, I — typical meningioma,
2 — malignant meningioma, 3 — dedifferentiated meningioma, 4 — angioreticuloma

-
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e
3

|

N 5 6 7 8 9

Fig. 4. Cerebrosides of human brain tumours. N — control, 5 — astrocytoma, 6 —
continued growth astrocytoma, 7 — dedifferentiated astrocytoma, 8§ — malignant
ependymoma, 9 — neurinoma VIII

The lack of glycolipid standards as well as the lack of detailed analyses
of composition of those compounds does not allow to come to definite
conclusions. In the future, however, such an approach can provide useful
information concerning the relationships of different lipids in wvarious
types of brain tumours.
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M. 1. Prockorowa, S. J. Tumanowa, T. W. Czajka

METABOLIZM LIPIDOW W GUZACH MOZGU

Streszczenie

Przedmiotem badan autor6w byl metabolizm lipidéw w wybranych guzach
moézgu pochodzenia neuroektodermalnego i oponowo-naczyniowego. Zawarto$§¢ i cha-
rakter thuszczé6w obojetnych, gangliozydéw i cerebrozydéw okre§lano przy pomocy
chromatografii cienkowarstwowej.

Stwierdzono, ze zawarto§¢ badanych lipidéw wybitnie obnizata sie w tkance
nowotworowej w por6wnaniu z niezmieniong tkankg nerwowg. We wszystkich guzach
wystepowaly estry cholesterolu, brak '}bybo natomiast mono- i dwuglicerydéw. Zmie-
nialo sie réwniez spektrum gangliozydéw w guzach. Zmiany dotyczyly zaré6wno
frakcji wolnoprzemieszczajgcych jak i polarnych. W szeregu guzéw pojawiala sie
frakcja dodatkowa. Zmieniala sie méwniez ilo§¢ frakcji cerebrozydéw oraz ich
ruchliwos$é.

M. . IIpoxopoBa, C 10. TymanoBa, T. B. Yaiika

OBMEH JfMHMlIOB B OIIYXOJAX MO3ITA

Pe3moMme

HenTpaibHble JMONABI, TAHIIAMO3UALI M Lepebpos3uzbl pAza HEMPOIKTOAepPMallb-
HBIX M MEHMHIOBAaCKYJAPHBIX ONYyXOJeil MCCIeHOBAMNCh MEeTOXOM TOHKOCJIOMHOIT
xpomarorpadumn. CozepzKaHme MCCIEAOBAHHLIX JMIIMAOB PE3K0O CHMIKAJIOChL B OIy-
xXonax. Bo Bcex omyxonax ObuiM npeacraBiieHbl 3OMPbI XoJIeCTEpMHA M, KakK IIpa-
BMJIO, OTCYTCTBOBAJIM MOHO- ¥ AUIJIMALIEPUIBI.

VI3meHANCA XapaKTep TIeTepPOreHHOCTM TaHIJIMO3UAOB OITyXOJeil, M3MEHeHus Ka-
cajmuch Kak MeJJIeHHO ABMKYIUMXcA pakumil, TakKk U IOJAPHbIX dpakumii. B paae
OIyXOJieit MOABJIANAaCh MMHOPHANA (hDparuus.

YMeHbIIAJIOCH uMcao (Opakumii 11epedpo3ua0oB, M3MEHAJNAcCh IOABUIKHOCTE 9TUX
dpaxumit.
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DNA ESTIMATIONS IN CEREBRAL TUMOURS OF MAN

Institute of Pathology, University of Cologne, GFR

In the course of the last 20 years the DNA amount in cerebral tumours
was investigated with biochemical analyses (Heller, Elliot 1954, Broun
et al. 1962, Lutsenko, Promyslova 1962) and with microscopical methods
without (Gros et al. 1955, Roth, Gyergyay 1962, Schiffer et al. 1964) and
with cytophotometric evaluation (Lapham 1959, Scarlato, Miiller 1959,
Pevzner et al. 1964, Kortmann 1968, Patzer 1969). The up to now cyto-
photometric investigations were performed on sections of specimens
embedded in paraffin. Therefore we can suppose, that with regard to the
complicated calculation from the slice to a whole nucleus, especially in
the cases of polymorphic forms like in the glioblastomas, these "plug” —
methods give no correct values.

We report on cytophotometric scanning measurements of DNA amounts
in complete nuclei of gliomas (9 oligodendrogliomas, 3 astrocytomas,
5 glioblastomas, 8 medulloblastomas). The gliomas were classified accor-
ding to a modified grading-system of Ringertz (Miiller, Schroder 1968)
into three grades. The measurements were performed with a Barr and
Stroud Integrating Microdensitometer of the type described by Deeley
(1955). Air dried smear preparations of fresh operated tumour tissue were
fixed in ice-cold formalin- ethanol and stained by a standardized Feulgen
procedure. Monochromatic light at wave lenght 500 um was used to de-
termine the light absorption. For every nucleus, three absorption measu-
rements were made, and the averages, expressed in arbitrary units,
were used for pooling the results. As a rule corresponding to the statisti-
cal distribution for every tumour 50 or 100 nuclei were measured. In our
figures the ordinate represents the number, on the abscissa are indicated
the steps of ploidy. The arbitrary units and the ploidy steps were cal-
culated on a logarithmic basis. The symbol N notifies the total of mea-
sured cells.

The diploid level was obtained by measurements of a great collection
of segmented granulocytes of normal blood of healthy persons. In accor-
dance with numerous investigations (Lit. s. Miller, Sandritter 1961)
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based on cytophotometric and chemical techniques the values of granu-
locytes appear as a useful reference for the standardization of the diploi-
dy. In the tumour preparations as a control granulocytes likewise were
checked.

2n 4n 8n 16n

ZU

~a

i i
-

Fig. 1 Oligodendroglioma I (No. 11727-22y’s-male) N = 100

In the oligodendroglioma-group we find in the grade I DNA amounts
assembled with peaks between the 2n and 4n line or as for instance in
the first figure with a maximum between the diploid and tetraploid range
and a second maximum between the tetra- and octoploid step (Fig. 1).

2n 4n &n 16n
30 —
20 —
10—
| (b rh :

Fig. 2. Oligodendroglioma II (No. 13069-40y’s-female) N = 50

With increased malignity as in the Fig. 2 a distribution of the values
with shifting of the maximum to the 4n line appears, or we can find
(Fig. 3) a peak in the hyperdiploid level and a second hypertetraploid
maximum. If we take into consideration the stem-line concept, we can
regard this case as an oligodendroglioma with a hypertetraploid stem-line.
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Figure 4 shows the data obtained in an astrocytoma of grade I with

a very large distribution of the Feulgen values up to the hypooctoploid
area without development of a definite peak. The second example of

2n 4n 8n 6n

20— T ;

10—

Fig. 3. O]xiglpden-dvogliorﬁa II (No. 13237-33y’s-male) N = 50

2n 4n 8n 6n

L

Fig. 4. Astrocytoma I (No. 11670-23y’s-male) N = 50

sl

astrocytoma (Fig. 5) is a more maliénant tumour with a very expanded
distribution of the values and without distinct maxima or ploidy steps.

2n 4n 8n 60

20—11

10—

e

Fig. 5. Astrocytoma II (Nr. 13175-44y’s-male) N = 50

The following two diagrams (Figs. 6 and 7) concern the group of
gliomas grade III or glioblastomas. Both of them exhibit a very large
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distribution of the Feulgen values and the latter shows two definite
maxima exactly in the tetraploid and octoploid range, with the stem
line in the 4n step.

2n 4n 8n 6n
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40—
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—
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Fig. 6. Glioblastoma (No. 13318-46y’s-male) N = 100
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Fig. 7. Glioblastoma (No. 13060-38y’s-male) N = 100
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In regard to the relatively small number of cases, these examples of
this part of the glioma group seem to allow us to drow the following

conclusions:

1) with increasing malignity the amount of DNA in the single nuclei
increases, so that the spectrum of the values becomes wider than in nor-

mal diploid cells;

50—

40—
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16n

Fig. 8. Medulloblastoma (No. 12802-33y’s-female) N = 100
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Fig. 9. Medulloblastoma (No. 12022-8y’s-male) N = 100
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ey 2n 4n 8n 6n
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Fig. 10a. Medulloblastomas, pooled of 4 cases (No. 11802, 12847, 13150, 13053) N
Fig. 10b. Medulloblastomas, pooled of 4 cases (No. 12022, 13190, 13311, 13374) N

225
250

2) the tumours can contain stem-line cells in different and significant
ploidy steps;

3) the different oncotypes in regard to the distribution of the DNA
are not in correlation with sex or age of the patients.

The first point of these conclusions is in good agreement with the
results of other investigators. In regard to the DNA amount the gliomas
obviously represent the same behaviour like tumours in other organs.

The second group of brain tumours, to which we refer now, are the
medulloblastomas. As a well-known and characteristic quality we notice
their high malignity, which is morphologically characterized by the large
number of mitoses and density of cells. Therefore we could expect the
distribution of the Feulgen values in the same or at least similar manner
as in the glioblastomas. But we notice, like Pevzner et al. (1964) not
a great distribution without distinct peaks of the measured values, rather
we find distributions with a slight tendency to the great values and
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a remarkable concentration of the most values at a definite maximum.
The peaks of the maxima are either in the area between the 2n and 4n
(Fig. 8) or the 4n and 8n (Fig. 9) line. Compiling the values of these two
types of maxima of the explored medulloblastomas we get two
well defined kinds of hypo-respectively hypertetraploidic tumours (Fig.
10).

We think that both of these oncotypes possibly are correlated with the
small or large cell medulloblastomas. This conception is in good agree-
ment with the results of Stolpmann (1968), who detected that with increa-
sing the number of the great nuclei in medulloblastomas the amount of
DNA rises like-wise.

With reference of the conception that the enzyme-equipment of a cell
is genetically determined, the observed variety of the different distri-
bution-patterns of the Feulgen values in the investigated gliomas altoge-
ther and the lack of well defined ploidy levels in the particular kinds of
these tumours seems to be one possible reason for the nonuniforme
enzyme-spectrum in the same kinds of gliomas and therefore explains the
discrepancies in the informations of several investigators referring to this.

W. Miiller
OZNACZANIE DNA W GUZACH MOZGU U LUDZI
Streszczenie

Autorzy oznaczali DNA w glejakach ludzkich metodg Feulgena. Badania prze-
prowadzono na skrawkach materialu operacyjnego przy uzyciu mikrodensytometru
integrujacego. Stwierdzono, ze gwiazdziaki oraz skapodrzewiaki charakteryzujg sie
rozmieszczeniem DNA, odchylajacym sie od warto§ci diploidalnych, przy wyksztal-
ceniu sie linii rodzajowych.

Glejaki wielopostaciowe wykazujg rozdzialy warto$ci odczynu Feulgena charak-
terystyczne dla guzéw zlo§liwych, z szerokim rozrzutem i poliploidalnym maksimum.

Wséréd rdzeniakéw stwierdzono dwie grupy — ze szczytami gesto$ci odpowiednio
w zakresach hipo- i hipertetraploidalnym.

B. Mroaaep

OIIPEJEJEHME JHK B OIIYXOJSIX MO3TA ¥V JIOJIEN
Pe3mowMme
ABTOpPBI onpejenAany B dejoBedecKux rauomax JHK wmerogom <Poitarena. Me--

clenoBaEMA IPOBOAMIMCHL Ha Cpe3aX OMepaLOHHOrO MaTepyaja TP MCIOoJIb30Ba-
HMM MHTEIPUPYIOLIEr0 MUKPOACH3UTOMETPA.
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Bbuio 00Hapy3XeHO, YTO ACTPOLATOMBI M OJIMTOAEHAPOLMTOMBI XapaKTepPU3yKTC:
pacnpenenenvem JHK, OTKJIAHAKIMMCH OT AMIUIOWAHBIX BeJIMYMH Npu Gopmupo-
BaHMM BUAOBBIX JIMHMIL.

ITonumopdHble IMIMOMbI O0HAPYXKMBAIOT pasfenabl peakumuyn PoiyireHa Xapak-
TepHbIe MJIA 3JI0KAYECTBEHHBIX OIMyXOJei ¢ LUMPOKMM Pa3dpoCOM ¥ IOJIMILIOMIHBIM
MaKCUMYMOM.

Cpean meaynjobsacToM OblIM OOHAPY?KeHb! 2 TPYMIbl — C MaKCMMyMamyu COOT-
BETCTBEHHO IJIOTHOCTM B I'MIIO- M I'MIIePTETPAIJIOMAHOM Auaras3oHax.

REFERENCES

1. Broun R. G., Goncharova W. P., Chaika T. V.: cit. bei Pevzner 1964.

2. Deeley E. M.: An integrating microdensitometer for biological cells. J. sci.
Instrum., 1955, 32, 263—267.

3. Gros C., Pages P., Turchini J., Turchini J. P., Vlaovitch B.: Profil histonucléique
de tumeurs cérébrales. C. r. Soc. Biol., 1955, 149, 1613—1615.

4. Heller J. H., Elliot K. A.: Desoxyribonucleic acid content and cell density in
brain and human brain tumors. Canad. J. Biochem., 1954, 32, 584—592.

5. Kortman G.: Cytophotometrische Untersuchungen iiber den DNS-Gehalt in den
Zellkernen des Glioblastoms. Inaug. Diss. Univ. Koln 1969.

6. Lapham L. W.: Subdivision of glioblastoma multiforme on a cytologic and
cytochemical basis. J. Neuropath. exp. Neurol.,, 1959, 18, 244—262.

7. Lutsenko W. K., Promyslova M.: cit. Pevaner 1964.

8. Miiller D., Sandritter W.: Methoden und Ergebnisse der quantitativen Histo-
chemie in der Hamatologie. 1961, Blut 7, 457—471.

9. Miiller W., Schroder R.: Zur Diagnostik der Gliome. Neurochirurgia, 1968, 11,
30—36.

10. Patzer P.: Uber den DNS-Gehalt lin den Zellkernen des menschlichen Medullo-
blastoms. Inaug. Diss. Univ. Koln 1969.

11. Pevzner L. Z., Tomina E. D., Chaika T. V.: Cytospectrophotometric study of
DNA content in the cells of human brain tumours. Vopr. Med. Khim., 1964,
10, 379—386.

12. Roth G. H., Gyergyay E.: Cercetari histochemice in tumorile cerebrale. Stud.
Neurol. Acad. Republ. Pop. Romine 1962, 7, 193—210.

13. Scarlato G., Miiller W.: Quantitative histochemische Untersuchungen des Deso-
xyribonukleinsdure — Gehaltes in Hirntumoren. Zbl. Neurochirurgie, 1959, 19,
179—185.

14. Schiffer D., Fabiani A., Gabella G., Monticone G. F.: Studio istochimico degli
acidi nucleici nei tumori cerebrali con techniche di fluorocromizzazione. XVI.
Congr. Ital. di Neurochirurgia, Genova 1964.

15. Stolpmann R.: Zytophotometrische DNS-Messungen an isolierten Zellkernen des
Medulloblastoms. Inaug. Diss. Univ. Koln 1968.

Author’s address: Pathologisches Institut der Universitat Koln, D-5000 Koln 41,
Lindenburg, GFR.

http://rcin.org.pl



NEUROPAT. POL. 1972, X, 2

G. Viale, H. Kroh

TRANSFER AND RIBOSOMAL RIBONUCLEIC ACIDS IN HUMAN
GLIOMAS
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Modifications in the molecular structure and in biological activity
of t-RNA occur during differentiation and neoplastic processes (Baliga et
al. 1965, Srinivasan, Borek 1966).

The changes are mainly related to the absolute increase of methylated
nucleosides (Bergquist, Matthews 1959, 1962). In all types of brain tu-
mours methylated nucleosides occur in the t-RNA in greater amount
than in normal brain tissue (Table 1). It seems that the increase of
methylated nucleosides in particular types of gliomas is proportional
to the degree of malignancy (Viale et al. 1968).

Table 1. Methylated nucleosides in t-RNA from human brain and brain tumours (expres
sed in M9,M)

Normal brain (frontal lobe) 2.08
Medulloblastoma 3.86
Spongioblastoma 5.40
Astrocytoma I 4.76
Astrocytoma IT—III 7.17
Oligodendroglioma I 4.54
Oligodendroglioma I—III 5.23
Glioblastoma 10.36
Neurinoma : 3.84
Sarcoma (fibrocellular) 3.46

The nucleoside composition of tumoral t-RNA differs in various tu-
mours mainly as concerns the degree of methylation of particular bases
(Viale et al. 1967). The increase of 2-o-methylated riboses is observed in
all types of gliomas (Table 2).

Neuropatologia Polska — 2
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Table 2. Nucleoside composition of t-RNAs from human brain-and undifferentiated human gliomas
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|

|

|
3 Normal Medullo- Spongio- Astrocy- | Astrocyto- | Oligoden- Oligo.den-
Nualeosides (M9:M) brain blastoma blr;stgma toma ji ma II—ZIII drogglioma, L d;CI)gh;)IrrIxa -
]
Cytidine 29.48 29.44 28.92 29.44 29.20 30.12 29.06
5-Methyleytidine 0.12 0.26 0.72 0.24 0.64 0.33 0.30
2’-0-Methyleytidine 0.12 0.26 0.20 0.14 0.48 0.18 0.37
Adenosine | 19.36 17.86 17.64 19.38 17.65 17.87 18.15
Né.Methyladenosine | 0.18 0.45 0.54 0.54 0.86 0.38 0.62
N6-Dimethyladenosine 0.12 0.36 0.32 0.32 0.56 0.32 0.45
2’-0-Methyladenosine 0.04 0.06 0.08 0.08 0.35 0.12 0.16
Guanosine 30.26 29.14 28.48 28.25 27.41 29.16 29.22
1-Methylguanosine 0.02 0.46 0.88 0.48 0.84 0.57 0.52
N2-Methylguanosine 0.32 0.74 0.72 0.90 0.62 0.72 0.64
' N2.Dimethylguanosine | 0.54 | 052 1.04- 0.76 0.98 0.66 0.73
2’-0-Methylguanosine 025 |“ 080 /7 88 0.26 0.84 0.44 0.60
Uridine 1356 | 1518 | 16.22 14.44 15.24 14.52 15.18
W-Uridine 5.05 4.16 [ 3.84 3.75 3.60 3.84 3.12
5-Methyluridine {049 0.08  -| 088 0.64 0.42 0.51 0.36
2’-0-Uridine ; 0.03 1 0.05 0.12 0.04 0.40 0.16 0.32
Inosine Do | e 0.22 0.36 0.14 0.24 0.12
1-Methylinosine gl SO R 0.04 0.36 0.18 0.15 0.16

Glioblas-

toma

27.03
0.72
0.58

17.96
1.14
0.68
0.42

25.84
1.58
1.88
1.13
0.90

14.42
3.86
0.62
0.46
0.32
0.27
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The rate of methylated purines to methylated pyrimidines differs
markedly in tumours of various types (Viale et al. 1967). Accordingly,
t-RNA methylase activity *) is increased (Viale et al. 1970). The pheno-
menon is demonstrated by Figures 1, 2, 3, where: methylases from mali-

AuM-T4CHz 1-RNA from: astrocytoma 1= °
mgf-/?NA ——— 2z e
mg p/;ofe/'ns R b s
100 So e 428
L Ecoliiz =e
901
1
BOjr
70 r
60-
20.> / / /0
10 E_ / / .
! o_/‘o ST L sl
Ui e iac Uy i USSR T G Lty NN )
2’ 45! A2 454 12" 45" 12 45’
Glioblastoma 1  Glioblastoma?2 Glioblastoma3 Glioblasfoma4
Proteins Smg/m/  4mg/ml 7mg/ml 4mg/ml

Fig. 1. The activity of the methylases originating from glioblastomas (1, 2, 3, 4)
acting on the t-RNA (2.5 mg/ml) from different astrocytomas (1, 2, 3, 4) and on
t-RNA from methyl-deficient E. coli K 12, in condition of rate.

HMI—14cHs
mg t-RNA
mg proteins
20 1-RNA from: astrocytoma = o
EcoliK12 = e
)
10 + /
/ 5
V' Ao S bl e s e [ AT R B i L S
12 45! 42! g5 2 45"
Astrocytoma 1 Astrocytoma 2 Astrocytoma 3
Proteins 10mg/ml! 6 mg/ml 17 mg/ml

Fig. 2. The t-RNA methylase activities of various astrocytomas ( 1, 2, 3) acting
on the substrate (2.5 mg/ml t-RNA) from other astrocytoma and on t-RNA from
methyl-deficient E. coli K-12, in condition of rate.

*) t-RNA methylase activity (rate) means a measure of the number of methylase
molecules present.
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gnant tumours methylate t-RNAs derived from E. coli and t-RNAs from

less malignant tumours from various individuals (Fig. 1); methylases from

relatively bening tumour from different individual act upon t-RNA from

E. coli and t-RNA from similar tumour (Fig. 2); methylases from diffe-

rent types of tumours of different malignancy act on the t-RNA from

E. coli and t-RNA from relatively benign single tumour (Fig. 3).

: un M-TCH3
T8 prateins
40

t-RNA from: astrocytoma = o
l E.coliK1Z2=e

b o
4

10 +

/ i a0

0% — e ——
2’ 455 12 AR 45"
Sarcoma 0Uligodendroglioma Carcinoma 9
Proteins 6mg/ml 2mg/m 4mg/ml

Fig. 3. The t-RNA methylase activities of different brain tumours (sarcoma, oligo-
dendroglioma, carcinoma) acting on astrocytoma t-RNA (2.5 mg/ml), and on t-RNA
from methyl-deficient E. coli K12, in condition of rate.

One can conclude that tumoral methylases behave abberantly and
their tissue methylating specificity is lost in tumours of all types.

The average specific methylase activity of various types of tumours
is always higher than that of brain tissue (Table 3).

Table 3. The determination of average activity of t-RNA methylases from human
brain tumours

| uuM14CH,/mg / t-RNA/mg | Proteins/45’

Normal brain (frontal lobe) A 4+0.5 (8)
Astrocytoma 16.3 +3.5 (12)
Oligodendroglioma | 22.7 +1.2 (13)
Malignant oligodendroglioma I 13.2 + 1.9 (14)
Glioblastoma | 18.7 +2.4 (24)
Meningioma : 11.5 +2.0 (8)
Sarcoma 29.2 +6.4 (10)
Carcinoma (brain metastasis) i 10.6 +3.5 (13)

Average values + standard deviation (number of determinations)
2.5 mg/ml E. coli K 12 t-RNA; 3—7 mg proteins/ml;
30 muM/ml 14CH;-S-adenosyl-methionine
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In accord to increased methylase activity also the methylation capa-
city *) of t-RNA is increased.

Observed phenomena point out, that tumour enzymes, in conditions
of extent of methylation, methylate t-RNA extracted from tumours of
the same or different type (Figs. 4, 5, 6, 7).

Transfer RNA can be still methylated more by sequential methylation
in conditions of capacity measurments (Figs. 8, 9). Sequential methylation
points again to the increased t-RNA capacity and lost tissue specificity.

No marked modifications have been found in the composition of clas-
sical nucleosides and their reciprocal ratios in both 18 S and 28 S
fractions of the r-RNAs from tumours, when compared with normal
brain (Table 4).

OPM
30000"
a o o
20000
Methylase from: astrocytoma = o
20000} meningioma = e
A V! and J
as 1 3

mg proteins/m/

Fig. 4. The methylation capacity of brain tumours. t-RNA from astrocytoma 1
(0.1 mg/ml) methylated by methylase from astrocytoma 2 and meningioma, in
condition of excess amount of proteins. Incubation time 45 min.

DPM
15 000(
o o
10000
5000} Methylase from: glioblasfoma 1= o
—_—w——2ze
1 2 1 1 J
05 1 0

3 . 5
mg proteins/ml

Fig. 5. The methylation capacity of brain tumours. t-RNA from oligodendroglioma
(0.1 mg/ml) is acted upon by methylases from two different glioblastomas, in con-
dition of excess amount of proteins. Incubation time 45 min.

*) The capacity means the measure of the total number of sites on t-RNA which
a given group of t-RNA methylases can recognize. The capacity, called also the
extent reflects qualitative differences between t-RNA methylases.
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DPM
15000
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5000+ i
Methylase fran:gl/oblgsh:ma ; : :
B 1 ' i

3
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Fig. 6. The methylation capacity of brain tumours. t-RNA derived from meningioma
(0.1 mg/ml) is methylated by methylases from two different glioblastomas, in con-
dition of excess amount of proteins. Incubation time 45 min.

30000 DPM

20000

10000 - Methylase from: glioblastoma ; °
n—— 2=

1 1 1 1 4

05 1 3 5 10

mg proteins /m/

Fig. 7. The methylation capacity of brain tumours. t-RNA from astrocytoma
(0.1 mg/ml) is methylated by two different glioblastomas, in conditions of excess
amount of proteins. Incubation time 45 min.
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Time
Fig. 8. The effect of sequential incubations in a system in which t-RNA (0.1 mg/ml)
from an astrocytoma (Tumour A) is first incubated with extracts (10 mg/ml proteins)
from another astrocytoma (Tumour B). Aliquots corresponding to 0,01 mg t-RNA
were taken at selected intervals. At the point of saturation of the system, the
incubation mixture was divided in two parts and extracts (10 mg/ml proteins) from
tumour B and from a glioblastoma (Tumour C) were added separately. Glioblastoma
extracts still methylated the already hypermethylated substrate.
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Table 4. Methylated nucleosides in the ribosomal RNAs from human brain tumours

Human Medullo- Spongio- Astro- Astro- Oligoden- OligO}lleh- Glioblasto-
brain blastoma blastoma cytoma cytoma droglioma | droglioma ma
| I IT—IIT it IT—IIT
185|285 /188|288 | 185|288 | 185|285 185|285 /188|285 188|285 185] 288
¥ —_1 1‘ —I
Methyleytidine (N4-?) | 0.15 — E 0.22/<<0.05 0.10 —- 0.26/ 0.05 | 0.18 ' 0.12| 0.15 — 015 1-0:07 1:0.10' |"0.12
N6.-Methyladenosine — — (<0.05| 0.08) — — |<0.05 0.14 | 0.09 0.14f — 0.08 | 0.12 | 0.10 | 0.15 | 0.08
N6.Dimethyladeno- E |
sine 0.16 | 0.12 0.15| 0.10, 0.24 [<0.05| 0.20] — 0.23 |<0.05| 0.16 | 0.20 | 0.22 | 0.08 | 0.26 | 0.14
N2-Dimethylguano- ‘
sine 0.28 | 0.08 | 0.44/ 0.15 0.25 | 0.18/ 0.36 0.12 | 0.42 | 0.16 0.22 | 0.14 | 0.41 | 0.22 | 0.32 | 0.10
2’.0-Methylnucleo- ‘
sides 0.32 | 0.24 | 0.45 0.22] 0.33 0.28) 0.15| 0.22 | 0.35 0.26/ 0.24 | 0.12 | 0.36 | 0.24 | 0.38 | 0.13
Total (MO%M) | 001|044 | 1.31] 060 092 | 051] 1.02] 053 | 1.27 | 0.73| 0.77 | 0.54 | 1.26 | 0.71 | 1.21 | 0.57
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DPM
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Extracts from: glioblastoma B
astrocytoma C

]
.

1 1 NSRS Y. ¥ SORTTEIEVN el S |
158 30" 45" 60" 75¢ 90’
Time

Fig. 9. The effect of sequential incubations in a system in which t-RNA (0.1 mg/ml)
from an astrocytoma (Tumour A) is first incubated with extracts (10 mg/ml pro-
teins) from glioblastoma (Tumour B). Aliquots corresponding to 0.01 mg t-RNA
welre taken at selected intervals. At the point of saturation of the system, the
incubation mixture was divided in two parts and extracts (10 mg/ml proteins)
from tumour B and from another astrocytoma (Tumour C) were added separately.
Astrocytoma extracts still methylated the already hypermethylated substrate.

The increase of methylated nucleosides is more marked in 18 S frac-
tion than the 28 S fraction. The degree of methylation of both fractions
from tumours is higher than that from normal brain.

Presented findings demonstrate following:

Transfer RNA of the brain tumour tissues exhibits increased rate of
methylation. °

The pattern of base specific methylation is different in various brain
tumours.

Transfer RNA methylase activity and t-RNA capacity in brain tumours
are increased; the tissue specifity of t-RNA methylases is lost in all
types of tumours.

The increase of methylated nucleosides of r-RNA is more discrete
than in t-RNA.

G. Viale, H. Kroh

KWAS RYBONUKLEINOWY PRZENOSZACY I RYBOSOMALNY W GLEJAKACH
LUDZKICH

Streszczenie
Badania przeprowadzone na materiale glejakéw ludzkich wykazaly wzrost za-

warto$§ci metylowanych nukleozydéw w poréwnaniu z niezmieniong tkanka mézgu.
Wzrost ten jest zalezny od stopnia zlo§liwo$ci nowotworu.
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Obserwowano wzrost aktywnoéci metylaz kwasu rybonukleinowego przenoszgcego-
(t-RNA methylases). Na podstawie przeprowadzonych badan stwierdzono ufrate
wlasciwoéci specyficznych tego enzymu w odniesieniu do wszystkich typéw guzow.

Wzmozonej aktywno$ci metylaz towarzyszy wzrost pojemmnosci metylacyjnej kwa-
su rybonukleinowego przenoszgcego (t-RNA capacity), ktéra réwniez zmienia sie
niespecyficznie.

Kilkakrotnie powtarzana metylacja réwniez wskazuje na zwiekszenie pojemnosci
metylacyjnej t-RNA i utrate wlasnosci specyficznych.

Zmiany w skladzie nukleozydéw we frakcjach 18 S i 28 S kwasu rybonukleino-
wego rybozomowego nie sa tak wybitnie zaznaczone, aczkolwiek stopienn metylacji
obu frakecji w guzach moézgu jest znacznie wyzszy niz w prawidlowym moézgu.

T. Buane, T. Kpox

TPAHCP®EP-PUBOHYKJIEMHOBASA KMCJIOTA M PUBOCOMEI
B YEJIOBEYECKUX TJIMOMAX

Pe3wwMme

Mccnenosanus, NPOBEAEHHbIE Ha YeJOBEYECKMUX IJIMOMaX, OOHAPYRUIM yBelIn-
YyeHMe METMIIMPOBAHHBIX HYKJEOTHMJOB 10 CPAaBHEHMIO C HEU3MEHEHHOI MO3roBO
TKaHbl0. DTO yBEJUYEHME 3aBUCUT OT CTENEHM 3JI0KaYeCTBEHHOCT! OILYXOJN.

HabOamoyaercAa Takke POCT aKTMBHOCTM MeTuida3 TpaHcdep-puboHyKIENHOBOM
kucaorbl (t-RNA methylase). IIpoBeaeHHbIe wuccleaoBaHMA OOHAPYRUIM IIOTEPY
cneuqu@dUYECKMX CBOMCTB 9TOTO 9H3MMA II0 OTHOUIEHMIO K BCEM THIIAM OITyXOJIeN.

BmecTe ¢ yCMJIEHHOII aKTMBHOCTBIO MeTujia3 HabJuiozaercda yBeJIuMYeHue MeTuJIs-
LVOHHOM eMKOCTH TpaHcdep-pudoHyKaenHoBoit Kucaorbl (t-RNA capacity), koro-
pad TakKe M3MeHAeTcA HecneumduyecKu.

Heckonbko pa3 mnoOBTOpaeMas MeTUJALMs YKas3blBaeT TakKKe Ha YBelIUYeHUe
MeTuaAuMoHHOM eMKoct™ T-PHK m morepy cnemmduyeckmii CBOWCTB.

VIaMeHeHMs B COCTaBe HYKJEOTHIOB BO (hpakuuax 18 S u 28 S pubozomuoit pubo-
HYKJEUMHOBOM KMCJIOTHI BBIENAIOTCA HE TaK 3aMeTHO, XOTA CTeneHb MeTWUJIALUMU
obenx (pparumii B OIMYyXOJAX MO3ra 3HAYMTEJNbHO BbILIe YeM B HOPMAaJlbHOM MO3ry.
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Extensive histochemical investigations by Hyden (1962) suggest a di-
rect involvement of RNA in the function of the central nervous system.
The biochemical studies provided evidence for the incorporation of RNA
precursors into RNA of anatomically and functionally different brain re-
gions (Borkowski 1962).

Nevertheless the entire interpretation of the biochemical studies is
complicated by considerable morphological heterogeneity of cerebrum.
In the cortex itself, where various types of neuronal cells are responsible
for creation and transmission of impulses, numerous neuroglial cells exist
which are not directly involved in the specific function of the central
nervous system. '

Attempts have been made for several years (Rose 1967) to obtain
a morphologically homogenous material from cerebral tissue by separa-
ting the neuronal and the glial cells by means of differential centrifu-
gation.

Neoplastic cerebral tumours of glial origin undoubtedly show certain
morphological homogenity, they exhibit the ability of division and neopla-
stic growth, in contrast to neuronal cells. On the basis of material gathe-
red from the Neurosurgical Clinic, and fully aware of the basic biological
differences between normal and neoplastic glial cells, we have undertaken
the studies to determine the RNA and DNA content in glial tumour
tissue as well as in normal cerebrum and to characterize comparatively
the nucleic acids extracted from neoplastic and normal tissue.

MATERIAL AND METHODS

The experiments were carried out on different regions of the human
brain and various types of human brain tumours. Quantitative determina-
tions of total RNA and DNA were carried out on the fresh tissue by
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means of the methods described previously (Borkowski et al. 1967). The
quantities of RNA and DNA were expressed as ug of P per 1 g of fresh
tissue.

Extraction of nucleic acids: The tissues were homogenized in a Potter-
Elvehjem type homogenizer in 0.14 M NaCl in 0.01 M tris-HCI buffer pH
7.2 at 0°. After homogenization, SDS in substantia at 2% was added and
extraction was carried out with 1 vol of neutral phenol for 1 hr at 0°,
with constant stirring. Aqueous phase obtained by centrifugation was
separated and the remaining phenol phase and interphase were re-
suspended in 0.5 M NaCl in the same buffer containing 0.5% SDS
and extracted for 30 min. in room temperature. After centrifugation,
the aqueous phase was separated and both the phenol phase and
the interphase were resuspended in 0.14 M NaCl in the same buffer
and reextracted for 10 min at 65°. After centrifugation, 1 vol of 95%
ethanol was added to the combined aqueous phases. The fibres formed
were collected from the solution with a glass rod. The fibres constituted
fraction I of nucleic acids. To the remain another volume of ethanol
was added. The obtained sediment constituted fraction II. The phenol
phase and the interphase were precipitated with 2 vol of ethanol and
the nucleic acids determined quantitatively were regarded as fraction III.

Fractionation of nucleic acids was carried out on methylated albumin
kieselguhr column- MAK-column (Mandell, Hershey 1960). Enzymatic
hydrolysis of RNA was performed according to Marmur (1961) using
crystalline pancreatic ribonuclease in citrate buffer. The ribonuclease
was purified before use by heating at 80° for 10 min (Marmur 1961).
Nucleotide composition of RNA and DNA was determined according to
the method described previously by Borkowski et al. (1969, 1970).

RESULTS

The concentrations of both nucleic acids in various anatomical regions
of normal human brain are presented in Table 1.

Table 1. Concentration of nucleic acids in various regions of normal human brain tissue

Anatomical i ngP/1 g of fresh tissue | RNA
region of brain i RNA ; DNA ' DNA
| | |

Region parietal ‘ 45.44+9.2 " 30.64-5.1 ‘ 1.47
Region occipital : 445474 \ 30.8+3.0 [ 1.44
Region temporal 1 39.1+17.0 ‘ 28.5417.0 1.37
Region frontal 64.6-+5.2 : 38.44-3.0 I 1.68
White matter, parietal region | 38.7-+4.2 14.54-4.5 2.66
Gray matter, parietal region I 38.0+7.4 82.5-+3.0 0.46
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Both the RNA and the DNA content are equal in the parietal, occipital
and temporal regions. Higher concentrations of both RNA and DNA were
found in frontal region. The RNA concentrations in the white and gray
matter were similar, whereas the DNA concentration in the gray matter
was five times higher than that in the white matter.

The nucleic acid content in tumours depended on their cytological
structure. The concentrations of RNA and DNA determined in various
types of tumours are presented in Table 2.

Table 2. Concentration of nucleic acids in various types of human brain tumours

. \ ugP/1 g of fresh tissue \ RNA

Type of tumour vy T | —

‘ RNA | DNA | DNA
Ependymoblastoma 119.04+7.8 103.34+6.3 1 | %)
Astrocytoma 720451 | 109145 1.1
Meningioma ‘ 96.0-+4.1 i 87.0+5.1 el
‘Oligodendroglioma 96.51- 3.2 [ 72.4+3.0 3

Neurinoma 54.243.7 124.04+-6.3 0.44

Astrocytoma in glioblastoma

vertens 26.7+6.2 94.5+3.7 0.3

In ependymoblastoma, astrocytoma and meningioma the concentration
of RNA was only slightly higher than that of DNA, that means the RNA
/DNA ratio was 1.1. In oligodendroglioma, the RNA/DNA ratio was 1.3
respectively, which points to the higher RNA content. In neurinoma and
astrocytoma in glioblastoma vertens, the DNA concentration was higher
and the RNA/DNA ratio amounted to 0.3 and 0.44 respectively.

Three-fold phenol extraction in tris-HCl buffer with different NaCl
and SDS concentration and carried out at different temperatures gave
different recoveries of nucleic acids, depending on the tissue type.

Table 3. Repartition of nucleic acids between aqueous and phenol phases

 Per cent of nucleic acids
Tissue in combined " in phenol phase
aqueous phase | and interphase

Normal brain 82.04-5.0 ; 18.04-4.5
Oligodendroglioma 89.0 : 11.0
Ependymoblastoma 98.5 1.5
Glioma 91.0 9.0
Astrocytoma in glioblastoma
vertens 86.0 ‘ 14.0
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Under these conditions, the amount of the unextracted nucleic acids
in the neoplastic tissue made 1.5 — 15% of the total nucleic acid con-
tent, whereas the value found for the normal tissue was about 18%.

The fibres of DNA (fraction I) were contaminated by RNA. The concen-
tration of RNA in this fraction depended on the type of tissue, the DNA
level being always higher. After digestion with crystalline pancreatic
ribonuclease the fibres of DNA were purified on a MAK-column. Under
these conditions, the RNA degradation products were eluted at a low
NaCl concentration, whereas one peak of pure DNA was obtained at
0.6 M NaCl. Clear franctions of DNA were precipitated with 1 vol of
ethanol and the concentration of ribonuclease-resistant RNA was de-
termined (Borkowski et al. 1967, Mandel, Borkowska 1964). For the neo-
plastic tissue it appeared to be 2.8 — 4.6% of the total DNA in fraction I,
whereas for the normal tissue it was only 2.0%.

Table 4. Concentration of RNA-ribonuclease-resistent in DNA fractions obtained from
normal brain tissue and various types of tumours

[ ugP-RNA | Per cent of RNA
Type of tissue : ngP-DNA | ribonuclease- ribonuclease-
‘ -resistent, -resistent

Normal brain region oceci- | |

pital ‘ 131.0 2.75 2.06
Oligodendroglioma ‘ 42.4 § 1.25 2.86
Ependymoblastoma | 75.5 3.06 3.90
Astrocytoma “ 40.3 1.25 3.10
Glioma y 27.1 1.07 3.80
Astrocytoma in glioblastoma |
vertens } 60.2 2.90 4.59

For the closer characterization of the types of RNA in fraction II the
nucleic acids were separated on a MAK-column. Elution was carried out
with a continous NaCl gradient and finally with 1.5 M NaCl in 0.2 M
NH,OH (Mahler et al. 1966). We have found five peaks of absorption
at 260 nm peak I at 0.2 M, peak II at 0.4 M, peak III at 0.6 M, peak
IV af 0.7 — 0.8 M and peak V at 1.5 M NaCl in ammonia solution.
According to Mandell and Hershey (1960) peak I was formed by degra-
dation products of nucleic acids, peak II corresponds to soluble RNA
(s-RNA), peak III to DNA, peak IV to ribosomal RNA (r-RNA), whereas
peak V consists of both types of nucleic acids. The first peak was always
higher in the normal than in the meoplastic tissue. The r-RNA con-
centration was much higher in the neoplastic tissue than in the normal
ones.
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Fig. 1. Chromatogram of nucleic acids (fraction II) extracted from the normal
human brain on a MAK (methylated albuminekieselguhr) column. From 100 — 150
OD of nucleic acids were loaded on the column in 0.01 M Tris-HC1 buffer, pH 7.1
in 0.14 M NaCl. Elution was carried out with a linear gradient from 0.14 M to
1.5 M NaCl in Tris buffer and finally with 1.5 M NaCl in 0.2 M NH,OH.
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Fig. 2. Chromatogram of nucleic acids (fraction II) extracted from neoplastic human

brain tissue on a MAK column. From 100 — 150 OD of nucleic acids were loaded

on the column in 0.01 M Tris-HCl buffer, pH 7.1 in 0.14 M NaCl. Elution was

carried out with a linear gradient from 0.14 M to 1.5 M NaCl in Tris buffer and
finally with 1.5 M NacCl in 0.2 M NH,OH.

This phenomenon may be explained by a higher activity of ribonucle-
ase in the normal brain tissue than in the neoplastic one (Roth 1959).
The s-RNA, DNA and r-RNA fractions were precipitated with 95% etha-
nol and their base composition was determined.

The GMP content in s-RNA of the neoplastic tissue was higher, and
UMP content lower in comparison with s-RNA from the normal tissue.
DNA base composition in both tissues was identical. Nucleotide compo-
sition of r-RNA in both tissues was very similar, as established on the
basis of the G+C/A+U and purine/pyrimidine ratio. It is interesting
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Table 5. Nucleotide composition of s-RNA, r-RNA and DNA from normal and tumours

human brain tissue

] e
2 I Pf“ractior} i l‘e /9 | G+ C P
issue o m.lclelc U(T)’ G } P P A‘—————_!_ ) ?w

acids !

Normal brain s-RNA 19.1 | 32.5 | 17.2 1 31.3 1.76 0.99
tissue DNA 28.4 1 :21.6 | 31.1 | 19.0 0.68 d 99
Region occipital r-RNA 17.1 1367 1187 ] 276 1.79 1.24
Neoplastic s-RNA 17.1 | 36.3 | 16.8 | 29.8 1.95 1.14
tissue DNA 29.8 | 19.7 | 30.8 ’ 19.6 0.65 1.02
r-RNA 16.4 | 36.4 | 19.2 | 28.1 | 1.82 1.25

The results are means values 8 experiments.

that the G+C/A+U ratio in s-RNA obtained from both tissues is very
high. The nucleotide composition of nucleic acids obtained from various
types of tumours was similar.

CONCLUSIONS

The results of our investigation may be concluded as following:

1. The concentration of both nucleic acids in the normal brain tissue
depended on the region of the central nervous system and on the content
of white and gray matter in the analysed material. RNA and DNA con-
centration in the meoplastic tissue depends on the type of tumour.

2. In the neoplastic tissue, the concentration of ribonuclease-resistent
RNA in the DNA fractions was higher than that in the normal tissue.

3. The chromatographic analysis of fraction II revealed higher concen-
tration of r-RNA in neoplastic tissue, which may suggest that the ribo-
nuclease activity was lower in the analysed tumour tissues.

4. The nucleotide composition of analysed nucleic acids obtained from
various types of neoplastic tissue was similar.

S. Kulesza, T. Borkowski

CHARAKTERYSTYKA KWASOW NUKLEINOWYCH IZOLOWANYCH
Z GUZOW MOZGU U LUDZI

Streszczenie

W réznych obszarach o$rodkowego ukladu mnerwowego czlowieka oraz kilku
typach nowotworéw moézgu przeprowadzono ilo§ciowe oznaczenia stezenia RNA
i DNA.
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Stezenie RNA i DNA zalezne bylo od struktury morfologicznej badanej tkanki
Opracowano schemat ekstrakcji, zapewniajacy maksymalne wydobycie kwasbéw
nukleinowych z obu typéw badanych tkanek. Otrzymane preparatywnie kwasy
nukleinowe z tkanki nowotworowej i prawidlowej rozdzielono ma dwie frakcje:
frakcje T — bogata w DNA i frakcje 11 — zawierajacg gléwnie RNA. Po trawieniu
rybonukleazg frakcji I i oczyszczeniu na kolumnie MAK oznaczono zawarto§¢ RNA
zwigzanego z DNA. Iloé¢ RNA rybonukleazoopornego zwigzanego z DNA byla wyz-
sza w tkance nowotworowej. Frakcje II poddano chromatografii na kolumnie MAK
i w otrzymanych t-RNA i r-RNA oznaczano skilady nukleotydowe, a w DNA skiad
zasad.

C. Kynewma, T. BopKOBCKM

XAPAKTEPUCTUKA HYKJIEMHOBBIX KMCJIOT WM3OJMPOBAHHBIX
U3 ONYXOJEN YEJOBEYECKOI'O MOS3rA

Pe3somMme

ITpoBefieHbl KOJMMYecTBeHHbIe omnpexpesnennsa koHueHtpauyyu PHK u JHK B pas-
HBIX paloHax LEHTPAJbHO! HEPBHOW CHUCTEeMbl 4YeJIoOBeKa M B HECKOJBKMX THUIIaX
OmyXoJiel 4YeJloBeYeCcKOoro Mo3ra.

Konnenrpauna PHK m JHK 3aBucesa or MOpPMOJIOTMYEcKoi CTPYKTYPhI yccie-
noBaHHOM TKaHW. Pa3paforaHa cxemMa SKCTPAarMpoBaHMA HYKJEMHOBBIX KMUCJIOT M3
0DOUX TUIIOB MCCJEAOBAHHBIX TKaHeil. IlosiydyeHHble TIpenapaTMBHBLIM IIyTeM HyKJe-
MHOBBIE KMCJOTbI M3 OMYXOJEBOM M HOPMAaJIbHOM TKaHM Pas3feNAiauch Ha aBe dpax-
mym: dpakmio 1 — oGoraryro JHK, m dpakmmo II — copepzkallyio TIJIaBHBIM
obpazom PHK. Ilocine mepesapuBanma dpakuumn I puboHyKIea3oil ¥ O4YMCTKE Ha
gojnoHKe MAK omnpegensanock copepxanme PHK, cBaszannoit ¢ JHK. Koamgectso
pubonykneasopesmucrentHoyt PHK, cBaszanHoe ¢ JHK Obwio BbIlIe B ONyXOJeBOIT
TRkaHu. Ppakima II noxaesepranacs xpomarorpacdum Ha KojgoHke MAK u B mosyueH-
Heix T-PHK n p-PHK omnpepensanca HykJeoTMaHbli coctaB a B JHK — cocras
OCHOBaHMIA.
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A. V. ARCHANGELSKAYA, \ VAT GERSHENOVICHI, A. A. KRYCHEWSKAYA

BRAIN NITROGEN METABOLISM IN RATS WITH INOCULATED
EXTRACEREBRAL SARCOMAS

Department of Biochemistry, State University, Rostov-on-Don, USSR

The interaction between the organism and a tumour arises from early
stages of development of the latter. It is manifested in a modification
of the metabolism in organs and tissues distant from the tumour.

The nervous system reaction to the development of the tumour is of
phasic character. At the initial stages of the process, excitation of the
nervous system is observed; this is considered to be a compensatory and
protective reaction. Inhibition and exhaustion of the mervous system
follows (Latmanizova 1956, Samundgan 1956, Ukoleva et al. 1966). It is
known, that the influence of functional deviation and exhaustion of the
nervous system or impairment of connections between the damaged
organ and the nervous system create favourable conditions for the growth
of a tumour.

The changes of the functional state of the central nervous system are
accompanied by modification of brain metabolism. However, this aspect
of tumour biochemistry has been unsufficiently investigated sofar. It is
very important to find the connection between the level and trend of
brain metabolism and the properties of the tumour activity.

The special features of protein and nucleic acid metabolism of tumours
result in mobilisation of all energetic and plastic resources of the orga-
nism. One of the most important research directions should be the study
of protein synthesis regulation and of the state of nitrogen metabolism
in the brain of animals. Regulation of protein synthesis becomes of
utmost importance in tissue regeneration, embryogenesis and tumour
growth. The intensity of synthesis of ribosomes is known to depend on
a number of factors. One of them is the concentration of potassium and
ammonium ions. They cannot be substituted by other cations. Ammonium
ions have some advantages as compared with those of potassium (Schoffe-
niels 1969).
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Ammonia concentration in the brain increases upon excitation, under
the action of extreme factors, in the first stages of postembryonal deve-
lopment, regeneration and in other states causing intensification of pro-
tein synthesis.

The stimulation of protein symnthesis with ammonium ions has been
demonstrated in normal liver tissue cells and in the cells of ascites hepa-
toma of Novikoff (Griffin et al. 1968). In the model system it was shown
that the protein synthesis can be stimulated by increasing the ammonium
concentration from 1 mM to 10 mM (Maden, Monro 1968).

The ammonia level in the brain is maintained by the systems of its
binding and liberation. The most active system is that of glutamic acid-
-glutamine. Glutamine synthetase and glutaminase take part in trans-
formation within the system. The role of amino acids and urea in brain
metabolism is important and specific (Gershenovich et al. 1970). One of
the specific properties of brain proteins is their ability to form com-
plexes with low-molecular-weight ligands. It is suggested that such
complexes have some specific functions or may play an accumulative
role in relation to the reserves of low molecular compounds. In this
connection the necessity arose to characterize the state of nitrogen brain
metabolism in the development of extracerebral tumours.

MATERIALS AND METHODS

The investigations were carried out on white rats with inoculated
sarcomas (C — 45, M — 1, novocaine-synestrol sarcoma) (Konoplev 1960,
Ukolova 1960). The inoculation was done hypodermically with 50 per
cent tumour cells suspension in physiological saline; 1 ml of suspended
matter was injected.

Inoculated sarcomas develop during 28 — 30 days and by that time
they reach a weight of 30 — 40 g. The biochemical studies were carried
out on the 7th, 14th, 21th, 30th day after transplantation.

Ammonia and glutamine were determined by Selingthon’s method
(1951) in Silakova’s modification (1968). Amino acids determination was
carried out by descending paper chromatography (Paschina 1961) in com-
bination with electrophoresis after Dose (1951). Urea was determined
by the urease method with ammonium.

In the brain of animals with sarcoma C-45, besides the above mentio-
ned parameters, the activity of enzymes of synthesis and degradation
of glutamine was studied. These were: glutamine synthetase, determined
according to Elliot (1964), glutaminase I according to Krebs (1935), glu-
tamic-acidic aminotransferase according to Richterich (1958), in Fry’s
(1945) and Speck’s (1955) modification.
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Protein and nonprotein nitrogen was determined according to the
micromethod of Kjeldal. Brain protein binding with urea and amino-
-acids was also studied (Elliot 1964). To characterize brain protein pro-
perties, the degree of their amidation was determined (Gershenovich
et al. 1960) as well as the content of guanidine radicals. The latter was
determined after protein hydrolysis in 2N HCl and 85% formic acid for
11 hours at 100°. The amount of arginine was determined after Saka-
guchi (1925).

Ammonia, glutamic acid and glutamine in the brain of rats with tumours

Ammonia content in the brain of control rats is 0.34 = 0.04, of gluta-
mine- 3,4+ 0.24, of glutamic acid- 10.1+1.0 wmoles per 1 g of tissue.

The growth of inoculated extracerebral sarcomas is accompanied by
changes in ammonia content in the brain. During the first week of sar-
coma C-45 growth, the amount of ammonia in the brain decreases. From
the beginning of the second up to the fourth week of its growth, the
amount of ammonia increases (Table 1).

It should be noted that the content of ammonia in the brain during
sarcoma growth does not correspond, to our knowledge, with the correla-
tion of excitation and inhibition of the nervous system and ammonia level.
Brain ammonia increases at the stages of maximal development of the
tumour growth process (3 — 4 weeks of growth) in conditions of obser-
vable exhaustion of the nervous system (Latmanizova 1956). It may be
considered that brain ammonia concentration is correlated with the level
of metabolic activity more than with the functional state of- tissue.

Glutamine concentration in the brain decreases in the first two weeks
of sarcoma C-45 growth, while during the third and fourth week it
increases considerably.

A similar picture of ammonia and glutamine dynamics in the brain
is observed in the growth of inoculated sarcoma M-1. In our experiments
this tumour grew for three weeks and in the periods of its maximal
growth (second and third weeks) the amounts of ammonia and glutamine
increased simultaneously.

The dynamics of ammonia and glutamine in the rat brain manifests
less definitely in the growth of inoculated novocaine-synestrol sarcoma.
The first weeks of growth were accompanied by a considerable increase
of the ammonia content in the brain. The peak of ammonia concentration
fell to the third week of growth of the sarcoma. The amount of glutamine
decreased in the third week. Towards the end of tumour growth the
glutamine content increases. In the development of novocaine-symnestrol
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L'able 1. Brain ammonia-glutamine system in the process of growth of inoculated extracerebral sarcomas (in pmoles per 1 g of
tissue M 4 m)

Sarcoma — 45

Sarcoma M-1

Novocaine-synestrol sarcoma

In parantheses — number of animals examined.
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Period of
tumour p : glutamic : : glutamic : ; glutamic
growth ammonia | glutamine solll ammonia | glutamine anid ammonia | glutamine Soid
1 week 0.24+0.03 3.264+0.32 9.084-0.7 | 0.414-0.1 4.7740.5 9.241.0 0.47+0.05 | 5.740.46 12.04-0.8
(10) (10) (10)
2 weeks 0.840.14 | 2.494+0.3 9.440.2 0.43+0.27 | 5.6 +0.47 | 10.340.75 | 0.4 +0.08 | 3.6+0.44 3.44-0.3
(10) (10) (10)
* 3 weeks 0.740.04¢ | 5.7 4-0.5 11.841.0 0.8 40.06 ;| 6.1 4-0.6 8.94-0.8 0.7740.06 | 3.04-0.3 11.841.4
(10) (13) ' (10)
4 weeks 0.940.07 | 4.4 4+0.3 10.3+0.5 - — — 0.4840.08 | 4.64-0.3 10.940.3
(11) (10)
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sarcoma, the decrease of glutamic acid concentration takes place only
during the second week of growth. In other periods the amount of glu-
tamic acid in the ammonia-glutamic system of the brain differed only
slightly from normal. In certain periods of the growth of sarcoma C-45
and M-1 the tendency to a decrease of the amount of glutamic acid in
the brain was observed.

The ammonia level in the brain is maintained in a very complex way
and manifested by the glutamine level and by the activity of enzymes
taking part in its binding and liberation. Evidently, the process of gluta-
mine synthesis, not decomposition, predominates in the brain when
a tumour is growing. It was necessary to confirm this supposition ex-
perimentally; therefore we studied the activity of glutaminase I and II
and glutamine-synthetase.

Glutamine-metabolizing enzymes activity (Table 2)

Table 2. Activity of glutamine metabolizing enzymes in the brain of rats with
tumours M + m

Glutamine synthe-
Period Glutaminase 1 (in Glutaminase 2 (in tase (in mg of glu-
of growth umoles of nitrogen) | pmoles of nitrogen) tamylhydroxamic
acid)
Control 22.841.2 10.04-0.8 21.340.8
(11) (7) (10)
1 week 24.34+1.36 11.141.4 20.44-1.3
(12) (8) (10)
2 weeks 25.64-1.9 11.14+1.25 23.441.1
(7) (8) (10)
3 weeks 25.84-1.2 12.14+0.9 25.140.9
' (14) (10) (10)
4 weeks | 27.442.38 18.1+2.9 26.6-40.9
| (12) (9) ®)

In parantheses — number of animals examined

Tumour development does not lead to a noticeable activation of glu-
taminase I (P<<0.5), what suggests, that the role of this enzyme in
ammonia formation during the tumour growth is quite insignificant. Glu-
taminase II activity in the brain increases with the growth of sarcoma
reaching its maximum by the fourth week (36% increase).

Glutamine-synthetase activity in rat brain during the growth of sar-
coma C-45 increases, and by the fourth week reaches 22%.
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Thus, the peculiar pathogenetic participation of the enzymes under
investigation in the brain metabolism of rats with tumours has been
established. Their activity in the brain concerns ammonia binding, which
may explain theé relatively low level of ammonia and the higher level
of glutamine in the brain of rats with tumours.

Protein and non-protein brain nitrogen in rats with sarcoma C-45

Starting from the suggestion that ammonia may play a regulatory
role in the process of protein biosynthesis, we studied the characteristics
of protein metabolism in the brain of an organism with an extracerebral
malignant tumour. For this reason protein and nonprotein nitrogen and
acid proteinase activity were investigated (Table 3).

Table 3. Protein nitrogen and non-protein nitrogen and acid proteinase activity in the
brain of rats with tumours M 4 m

Period Protein nitrogen (in ! Nonprotein nitrogen | Proteolytic activity
of tumour mg of nitrogen/100 | (in mg of nitrogen/ t (in pg of tyrosine/
growth mg wet tissue) 100 mg wet tissue) ! 100 mg wet tissue)
Control 1300119 187776 | 2.254-0.04
(15) (15) ' (15)
1 week | 900+ 77 70.54+ 3.4 1.184-0.11
' (12) (12) (13)
2 weeks ; 813+ 68 197+ 4.6 1.2440.1
; (15) (15) ‘ (15)
3 weeks 1 8804108 238+ 6 2.2540.16
“ (14) (14) (14)
4 weeks 1 8374+ 39 259-+413.6 2.9 4£0.2

(7) (7) , (9)

In parantheses — number of animals examined

When the inoculated sarcoma develops in an organism, the amount
of protein nitrogen in the brain decreases progressively.

Within the first week of tumour growth the amount of non-protein
nitrogen decreases sharply. However, its amount increases during further
development.

The data obtained reveal dlscoordlnatlon of the processes of protein
synthesis and degradation in the brain of rats with tumours.

The intensity of proteolysis in the brain is a marker of ‘the trend
of the process. In the brain of normal animals the intensity is 2.25 mg
of tyrosine per 100 grams of wet tissue. Although, initially tumour growth
in an organism depresses the proteolytic activity in the brain, in the
further course of tumour growth the proteolytic activity increases. Pro-
ducts of degradation amount to 2.9 png of tyrosine per 100 mg wet tissue.
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When investigating the liver and spleen proteinases activity, intensi-
fication of proteolysis was also revealed (Shvedova, Firsova 1967).

Activation of proteinases may cause this intensification. Our data con-
cerning the increase of brain cystine concentration serve as base for
such an assertion (Table 6). An increase of substrate accessibility, i.e. the
change of brain proteins properties, is also possible.

We have determined some functional groups which may provide infor-
mation about the state of brain proteins of rats with tumours.

Amide and guanidine groups of brain proteins in rats with inoculated
extracerebral sarcomas (Table 4)

Table 4. Amide groups in brain proteins of rats with tumours (p moles nitrogen/g dry
protein M -+ m)

Beckinta l l___ Amide groups e
of tumour | Total | easily hydroly- | strongly bound
growth ‘ l fast-bound ‘ zable | hydrolyzable
Control | 1141.94+30.0 | 593.0+23.9 | 548.8--20.1 0.93
1 week | 978.0+-16.5 ‘ 52124144 | 4569+ 8.0 | 0.88
2 weeks | 860.0+17.4 | 55424223 | 31194161 | 0.56
3 weeks ’ 725.5422.8 | 47054200 | 254.9+11.9 0.54
4 weeks 953.14+11.5 | 671.3413.8 | 286.8+ 9.0 0.43

Growth of sarcoma in the rat organism causes changes in the correla-
tion of labile and strongly bound amide groups in brain proteins. The
number of total amide groups in proteins becomes less. At the same time
the number of fast-bound amide groups increases while the number
of easily hydrolyzable amide groups decreases.

Changes in amidation are caused either by deamidation of proteins
or by modification of their amino acid content. The latter is shown by
the increase of the arginine amount in proteins (Table 5).

Table 5. Arginine level in rat brain proteins during the period of tumour growth
P J

| Arginine in water ' Arginine in total
Period of growth ‘ soluble proteins i protein
|w (mg/g protein, M -+ m) ; (mg/g protein, M -+ m

|
Control ' 62.3--0.99 ‘ 68.3+-1.96
1 week E 67.11+1.6 ‘ 71.44-2.3
2 weeks ' 72.242.0 l 75.5+4+1.2
3 weeks | 77.34 24 } 78,2411
4 weeks 81.3+3.0 | 79.54-4.8

http://rcin.org.pl



154

A. V. Archangelskaya et al.

Nr 2

The changes in the properties and in amino-acid content of brain
proteins are followed by changes of the degree of binding of proteins
with urea and amino acids.

Free and bound amino acids and urea in the brain in the process
of sarcoma C-45 growth

Among the amino acids under investigation, the levei of glutamic acid,
aspertic acid and of gamma aminobutyric acid appeared to undergo the
most evident changes (Table 6).

Table 6. Free amino acids and urea in brains of rats with tumours M 4+ m

Periods of tumour growth

Indexes Control 1 week 2 weeks 3 weeks 4 weeks
R (16) (21) (10) (10)

Glutamic acid 8.1 +0.15 | 6.4 +0.4 | 6.0 +-0.15 | 6.1 4+-0.6 | 7.2 4+0.2
Aspartic acid 83 09 ]:33 014} 34 L0155 ] 2902 | 25 1015
GABA 2.1 4+0.06 | 2.1 +0.08 | 1.054-0.04 | 1.2 40.06 | 1.3 +0.09
Basic amino acids 0.214+0.02 | 0.16+0.01 | 0.144+-0.01 | 0.1340.01 | 0.1440.02
Glutamine 4.0 +0.2 | 47 403 | 52 40.06 | 5.8 +0.17 | 6.1 40.2
Cystine + cysteine 0.814+0.07 | 0.9540.07 | 0.914+0.08 | 0.9 +0.09 | 1.06--0.05
Serine 1.8640.1 | 2.5 401 | 1.784-0.1 | 2.1 40.17 | 1.7740.16
Glycine 223402 | 26 +0.14 | 2.5 +02 | 1.9 402 | 2.0 40.09
Methionine + valine | 0.134-0.01 | 0.134-0.01 | 0.144-0.01 | 0.154-0.01 | 0.134-0.04
Leucine + isoleucine | 0.14+0.01 | 0.144-0.01 | 0.134-0.02 | 0.1540.01 | 0.0940.01
Urea 4.98+0.29 | 5.7 +0.25 | 5.1 +0.39 | 6.034+0.3 | 6.7 +0.4

In parantheses — number of animals examined

Already at the initial stages of tumour growth in rat brain the
amount of glutamic acid becomes less. This low level remains low during
the whole period of sarcoma growth. Glutamic acid is involved in gluta-
mine synthesis and owing to this it takes part in the partial removal of
ammonia. On the other hand, it is possible that glutamic acid subjected
to oxidative deamination (Cometiani 1954, Takagaki et al. 1957) is the
source of ammonia in the conditions of tumour growth and is involved
in energetic cycles in the brain. Active periods of tumour growth in an
organism are accompanied by a decrease of aspertic acid, GABA, as well
as of glycine and basic amino acids in the brain.

The dynamics of the investigated amino acids in the brain of rats with
tumours suggest their very complicated and deep disturbances and modi-
fications, which influence the functional brain activity in the pathological
state.

We have ascertained that the concentration of free urea in the brain
increases with tumour growth.
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The depth of brain proteins damage can be determined by the degree
of complexation of amino acids and urea with brain proteins. The amount
of brain bound urea and amino acids decreases as the tumour progresses
(Table 7).

Table 7. Bound amino acids and urea in the brain of rats with tumours (in mg/g, M + m

Periods of growth
Index Control
g i 1 week ‘ 2 weeks 3 weeks ’ 4 weeks
[

Glutamic acid 1.6 4+0.27 | 1.4 40.15 ! 1.5 40.14 | 1.2 +0.1 1 1.2 40.09
Aspartic acid 0.5740.07 | 0.624+0.06 | 0.6 +0.03 | 0.444-0.07 | 0.394-0.06
GABA 0.46+0.03 | 0.4440.04 | 0.664-0.07 | 0.344-0.04 | 0.32+0.04
Urea 0.5840.06 | 0.624-0.04 | 0.634-0.06 | 0.464-0.02 | 0.434-0.04

Tumour growth in an organism influences the functional brain activity
by modifing the protein structure and properties.

Thus, the development of inoculated sarcoma leads to deep distur-
bances of the most important aspects of brain metabolism. The data
suggest, that in this case the brain develops a complex of protective and
accomodative reactions with considerable signs of damage.

The low molecular weight metabolites of nitrogen metabolism seem
to act in the direction of the protection of brain functional activity, this
being manifested in particular by the intensification of ammonia-binding
processes.

The state of the protein structure of animals with tumours, the total
decrease of energetic processes show the prevalence of catabolic processes
in the nerve tissue and damage of the brain protein structure, which
correspond to exhaustion of brain functional activity in terminal periods
of tumour growth in the organism.

The discovered impairment of nitrogen metabolism and changes in
the functional structure of brain proteins and their biological properties
are pathogenetic mechanisms of brain participation in the development
of tumour processes in the organism.

A. V. Archangelskaya, ["’zf'sf_deEFenEi‘cF l , A. Krychevskaya

METABOLIZM AZOTOWY W MOZGACH SZCZUROW Z WSZCZEPIONYMI
MIESAKAMI POZAMOZGOWYMI

Streszczenie
W moézgach szczuréw z podskérnymi miesakami C-45, M-1, wzglednie miesakami
indukowanymi mowokaino-synestrolem, oznaczano poziom azotu bialkowego i nie-

bialkowego oraz niektérych zwigzkéw azotowych, a ponadto aktywno§é miekt6érych
enzyméw biorgcych udzial w syntezie i degradacji glutaminy.
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We wszystkich przypadkach stwierdzano znaczne zmiany w poziomie amoniaku,
glutaminy i kwasu glutaminowego, kt6rym towarzyszyl staly spadek zawarto$ci
azotu bialkowego i grup amidowych w biatkach oraz wzrost aktywnos$ci glutami-
nazy II, syntetazy glutaminowej oraz enzyméw proteolitycznych. Powyzsze wyniki
$wiadczg o0 ogbélnym zaburzeniu metabolizmu biatkowego moézgu szczuréw z nowo-
tworami pozamoézgowymi.

A. B. ApxaHreabckasd, (B G TepiienoBud. | A. Kpbruesckas

A3O0THBIMI METABOJM3M B MO3rAX KPBIC C TPAHCIINIAHTMPOBAH-
HBIMY BHEMO3TOBBIMU CAPKOMAMU

Pe3woMe

B Mosrax KppIC C NOAKOXKHbIMM capromamyu C-45, M-I uam capkoMa WMHAYLMPO-
BaHHOI HOBOKaNH-CMHECTPOJIOM, OIPEAeNAJcAd YPOBeHb OEeJKOBOro M He-0eJIKOBOTrO
a30Ta M HEKOTOPbIX COEAMHEHMI1I a30Ta, M KPOME TOr0 HEKOTOPbIX SH3MMOB, y4aB-
CTBYIOLLMX B CHMHTE3€ JM Pa3JjIOXKEHMM IJIoTaMuMHa. Bo Bcex caydaax Obum obHapy-
JKeHbl 3Ha4YuTeJbHble M3MEHEeHMdA B YPOBHE aMMMaka, IVIIOTaMMHA M TJIIOTaMMHOBOM
KUCJIOTBI, KOTOPbIE€ CONPOBOXKAAJMUCH IOCTOAHHBIM CHVIZKEHMEM cojepxKaHua 6earko-
BOrO a30Ta M aMMAHBIX rpynmn B OeJkKax M yBeJIuMYeHMeM aKTUBHOCTM IJIOTaMMHAa3bl
II, raoTaMMHOBOM CMHTE3BI M IIPOTOJMTHMYECKMX SH3MMOB. Bhlllle yKa3aHHbIE pe-
3yJbTAThl CBUAETENBLCTBYIOT 00 oOliem HapyuieHuyu OeakKoBoro Mmerabonm3mMa y KpbIC
C BHEMO3TrOBbLIMM ONYXOJAMM MO3ra.
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R. SCHRODER

EXPERIMENTAL STUDIES ON THE TIME COURSE
OF NECROBIOSIS IN HUMAN GLIOMAS

Instytute of Pathology and of Neurosurgery, University of Cologne, GFR

As well known, the ischemia tolerance time differs from one organ

to the other. In relation thereto, the malignant tumours are able to
survive for a very long time under full lack of oxygen and of externally

introduced feeding substances (Warburg et al. 1958).

In a series of publications Maker et al. (1967) and especially Kirsch
(1965, 1967), Kirsch and Leitner (1967a, 1967b) and Kirsch et al. (1967,
1969) have reported upon results of their studies on normal brain and
glial tumours under ischemic conditions. It was shown with microchemi-
cal methods that while the brain is reacting with an extraordinarily
strong anaerobic glycolysis, leading within 30 minutes to the exhaustion
of all energy-rich metabolites, the tumours show a moderate production
of lactate at 37° continuing for at least 4 hours. In this respect, the expe-
rimental and human gliomas exhibit no essential differences.

On this basis the possibility of the successful in vitro cultivation of
fresh autopsy materials of several human brain tumours (Manuelidis
1965) is finding its explanation. Moreover it is intelligible, that the histo-
chemically demonstrable activity of some dehydrogenase enzymes and
diaphorases does not show differences between biopsy and fresh autopsy
material (Chason et al. 1963). Of course, this may be essentially influ-
enced by the outer temperature.

While the metabolism of gliomas under ,,warm” ischemia is already
well examined up to 4 hours, data on the moment of the exhaustion of
the energy supplying processes are absent. The aim of the following
study was to define this moment more approximately, using the enzyme-
histochemical methods. As to the selection of the enzymes to be tested,
it is to consider, that in several experimental models of infarction, among
these also in that of the brain, the loss of activity of cytochrome oxidase,
of different dehydrogenases, or diaphorases and of P-glucuronidase in
general occurs a long time before that of the phosphate-splitting enzymes
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and of esterases (Gossner 1955, Wachstein, Meisel 1957, Rudolph, Scholl
1958, MacDonald, Spector 1963, Seifert 1967 and others). Therefore
it seems more reasonable to favour those enzymes, which loose their acti-
vity very quickly. We decided for lactate dehydrogenase (LDH method
after Hess et al. 1958), which is present in gliomas in high concentration
in connection with the intensive lactate formation (Viale 1969). The other
enzymes chosen were: mitochondrium-bound succinic dehydrogenase
(SDH method after Nachlass et al. 1957), the B-glucuronidase (B-GU)
which is localized preferentially at the lysosomes (method after Seligman
et al. 1954) and the acid phosphatase (method after Barka and Anderson
1962).

We proceeded in the following manner: From fresh biopsy material *)
of 4 astrocytomas and 4 glioblastomas, solid tissue pieces weighing about
250 mg were taken with sterile instruments and placed in a prewarmed
medium. For each time interwal, 2 samples were deposited: one for
kryostat-sections to accomplish the enzyme-histochemical reactions, and
one for paraffin-embedding, so that there were up to 14 tissue blocks
per case. In addition to that, another sample was immediately frozen
in carbon dioxide. Two tissue pieces were incubated in 20 ml of medium
at 37° in closed 100 ml-Erlenmeyer-flasks for different time intervals
up to 8 days. The medium applied was that which has been used for
tissue culture**) (lactalbumin and yeast containing Hanks-solution with
30% heat inactivated cow serum and 10% cow amnion; pH — indicator
phenol-red; addition of penicillin and streptomycin). Since Erlenmeyer-
flasks were not moved up to the end of the experiment, tissue samples
did not suffer from perfusion. In addition, samples of tumors for routine
diagnosis were taken.

The application of a feeding medium gives a more thorough moistening,
better sterilization and preservation of shape as compared with the
,moist chamber”. Moreover, this gives the adventage, that a peripheral
zone of the tissue block is held under approximately the same conditions
as in tissue culture. So in addition we receive data on the vitality and
width of this border zone, which is important for autoradiographic stu-
dies in vitro, and those of a beneath arising extended necrosis and a gra-
dual decrease in supply of nutritive substances under these unfavourable
conditions. Moreover, we see the advantage to compare the expected loss
of enzymes in the centre with that in the periphery, which facilitates the
judgment of the sections.

*) We are very grateful to Prof. Dr R. A. Frowein (Neurochirurgische Universi-
tatsklinik Koln) for making biopsy tissue available to us.

**) We thank Dr. H. J. Sehrbundt (at present Hals-Nasen-Ohren-Klinik der Uni-
versitdt Koln) for his kindness, that we are alowed to make use of the laboratory
of tissue culture.
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In the first figure we see an example. On the left side after an incu-
bation time of 2.5 hours, we find an activity of LDH spread over the
whole section. On the right side the reaction after 20 hours is shown.
A marrow edge of about 500 n thickness shows nearly the same enzyme
activity as the fresh tumour. Abruptly it passes over into an area with
entire loss of the enzyme. Here only a few deeply lying vessels are
discernable by their still clear enzymic activity.

Fig. 1. Lactate dehydrogenase reaction after 2.5 (left) and 20 hours (right) of
incubation.

In an attempt to arrange the respective enzyme activity in a half quan-
titative scheme (Fig. 2) the following time course may be established for
the LDH. On the abscissa there is a logarithmic time scale, the ordinate
gives the valuation. In the periphery (the filled symbols) the enzyme
activity is preserved for a long time and is markedly diminished not
earlier than at a time, at which it changes also in the tissue culture not
fed with a fresh medium for a long time. As this enzyme is water soluble
(Gahan, Kalina 1965, Kalina, Gahan 1965, Osske, Jinisch 1967) and
passes over into the culture medium already in the first day (Gahl,
Hartmann 1967), one must assume, that in this case protein synthesis
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takes place, which stationarily replaces this enzyme. In the centre of
the autolysing block (the open symbols) the first loss of activity occurs
already after 5 hours. After 20 hours we can not demonstrate the enzyme
activity any more. The behaviour of astrocytomas and glioblastomas
is identical.
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in the centre in the border zone

Fig. 2. Lactate dehydrogenase, activity in relation to the incubation time in the
peripheral and central parts of the tissue block.
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Iig. 3. Succinic dehydrogenase activity in relation to the incubation time in the
pheripheral and central parts of the tissue block. Symbole as in Fig. 2.
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Also the SDH (Fig. 3) shows a similarly decreasing activity in the
central parts. But its reaction in the border zone diminishes quicker
than that of the LDH. This may indicate, that in this case, the energy
requirements are satisfied more by anaerobic performances of the meta-
bolism — in contrast to the situation in tissue culture, where the decrease
of SDH is observed for the first time after a long cultivation (Zimmer-
mann et al. 1965, Kreutzberg et al. 1966).

ENZYME ACTIVITY
£ ~

Lanadh

+++

p-GU

b ¢
25 5 hours 1 2 3 4 days

Fig. 4. B-glucuronidase activity in relation to the incubation time in the peripheral
and cenftral parts of the tissue block. The same symbols for these two zones, because
they show equal density of the reaction product. Symbols as in Fig. 2.

By contrast, the p-glucuronidase (Fig. 4) offers no distinct reactions
in the peripheral and central parts. Its activity becomes declined consi-
derably after 5 hours of incubation. The likewise prevailing lysosomal
acid phosphatase remains unchanged for 8 days of incubation.

Further it is to mention that after 2 days, a storage of neutral lipids
(by colouring with Sudan black B) is appearing in the deep layers at the
border zone. The depth of this still preserved zone diminished from 500
to 300 n after 4 days. Of course we can not find pseudopalisading of the
tumour cells. Also the increased activity of the dehydrogenases, hydrola-
ses and acid phosphatase (Gluszcz 1963, Hanefeld 1965, 1967, Schiffer et
al. 1965, 1969: Iwanowski 1967, and others), which is very characteristic of
a linear necrosis of fresh tumour material in the solid tumour tissue,
is absent. Probably for the rise of this typical tissue formation, a better
oxygen supply is needed.

The first morphological signs of autolysis in the centre of the pieces
were discernable after 4 days in the form of increased frequency of pyc-
notic pictures of nuclei.

Neuropatologia Polska — 2 5
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Under ischemic conditions, LDH and SDH show after 5 hours a small
and P-glucuronidase an even stronger decrease of their effect, whereas
after 20 hours an almost complete loss of activity of all three enzymes
was noted. So we had to search in this time interval for the end of the
arranged function of these tumour cells.

As we do not know exactly for how long time the single enzyme may
be active after the stop of the regulated- cell metabolism — when the
adequate substrate is offered — other methods are needed for confir-

mation.
i 3 4 5

Fig. 5. Colour change of the pH indicator in the neighbourhood of the tumour
pieces (tubes 2 and 3) in comparison with its absence in the tubes 4 and 5 with
necrotic tumour material. Tube 1 as a control.

2

The lactate, which is produced in large quantities in the growing
tissue under ischemic conditions, causes in the surrounding medium
(Fig. 5), which contains phenol-red as pH-indicator, in tubes 2 and 3 at
pH of 6.8 a colour change from red to yellow with a well defined boun-
dary layer, providing that the tubes are not moved.

The first tube, where mo tumour tissue is present, serves for the
colour comparison. The tubes 4 and 5 contain necrotic material from the
same case of a glioblastoma. It exhibits no lactate production (see also
Kirsch et al. 1967). In the tumour-containing tubes, the colour change
layer becomes higher gradually. The sharpness of this layer is preserved,
which means that the concentration gradient remains equal. Therefore
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this displacement may not exclusively be reduced to a simple equal
distribution by diffusion of a definite quantity of acid valences, but may
express their continuous production by the tumour piece.

X

mm A
Fiey T Ny
15 /
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1 23456 2 2% 36  48hours

Fig. 6. The diffusion length of the acid valences, marked by the colour change
boundary of phenol-red, in relation to the square root of incubation time.

Figure 6 presents dependence of the height of this colour change boun-
dary (the ordinate) or the diffusion length on the time, which is plotted
as square root value corresponding to the diffusion laws. So by this
representation we could expect a rectilinear relationship. This figure
is an example for a number of experiments;, all passing the same
way without difference for astrocytomas and glioblastomas. A quick
rise in the first 6 hours is relieved by a small or sometimes absent
progress after a certain period of time. Thereby it is striking, that
now the colour change takes place in a wider growing zone. We
like to assume, that in this phase the lactate production is succumbed.
The cut of the 2 lines in the figure yields for the time at nearly 12 hours.

As here a certain time delay may play a role we can estimate the
duration of ischemia at 37°, which leads to the decay of the function in
these glioma cells and to the beginning of the autolysis, by 5—10 hours.
The drop in activity of LDH, SDH and f-glucuronidase may reflect the
early changes in a good temporary agreement, whereby especially the
LDH facilitates the judgment of the functional situation because of the
high initial intensity.

We wish to thank especially Miss Renate Kott and Miss Marianne Lehnen for
their accurate technical assistance.
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R. Schroder

BADANIA DOSWIADCZALNE NAD CZASOWYM PRZEBIEGIEM NEKROBIOZY
W GLEJAKACH U LUDZI

Streszczenie

Wycinki tkankowe z materialu operacyjnego guzéw mézgu inkubowano w plyn-
nej pozywce w 37°C i poddawano testom histochemicznym w réznym czasie od
rozpoczecia inkubacji.

Aktywnoéé dehydrogenazy mleczanowej okazata sie¢ dobrym wskaznikiem in-
tensywno$ci przemiany energii w przezywajacych komérkach nowotworowych, wy-
kazujgc nieznaczne obnizenie w warunkach ischemicznych w $rodkowej czeSci
wycinkéw dopiero po 5 godzinach, a prawie catkowity zanik po 20 godzinach
inkubacji. Gwiazdziaki oraz glejaki wielopostaciowe wykazuja podobny przebieg
zaniku aktywnoéci w czasie. W lepiej odzywiionej strefie brzeznej wycinkéw do
glebokos$ci 500 p istotne obnizenie aktywnosci stwierdzano dopiero po 4—8 dniach.

P. Lpexnep

OKCIIEPYMEHTAJIBHBIE MCCIEJOBAHMA BPEMEHHOTO ITPOTEKAHWMA
HEKPOEBMO3A B I'NIMOMAX ¥ JIIOJEN

Pe3wome

TKaHeBble Cpe3bl M3 OIEePaLMOHHOIO MaTrepyajia WHKyOMpOBaIM HA IKUIKOIT
cpene B 37°I u moasepranM IMCTOXMMMYECKMM TECTOM B Pa3HOe BpeMsA Tmocje Ha-
yaja MHKyOammm.

ARKTMBHOCTb JIaKTaTAEIMAPOTeHa3bl OKa3ajlach XOPOIUMM II0OKa3aTeJieM WHTeH-
cuBHOCTM OOMeHa 9SHeprMm B HATUMBHBIX OIIYXOJIEBBIX KJeTKax, oOOHapyXuBas
HE3HAYNTEJbHOEe CHMIKEHME B MCXEeMUYEeCKMX YCJIOBUMAX B CPEeAHEeN YacTu Cpe30B
TOJBKO CIIyCTA 5 HacOB M IIOYTM IIOJHOE MCYe3HOBeHme mocyie 20 YacoB MHKYyOMpO-
BaHUA. ACTPOLMTOMBI ¥ NOJMMOPMHBIC TJIAMOMBI OOHAPYKMBAIOT AHAJOTMYHBIA XOX
MCYE3HOBEHMA AKTMBHOCTM BO BPEeMEHM. B Jyd4lle IIMTAaeMOil KpaeBoil 30HE Cpe3on
Ha rayomHe ao 500 MK CYIIECTBEHHOE CHMXKEHMe aKTMBHOCTV OOHapy»KmBaloCh
TOJBKO crnycta 4—8 jHei.
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CHANGES OF LACTIC DEHYDROGENASES ISOENZYMES
IN TISSUE CULTURES OF HUMAN BRAIN TUMOURS

Institute of Neurosurgery, Biochemical Laboratory, Budapest, Hungary

The transformation of the LDH isoenzymes in various tissues, tumours
and their tissue cultures has been investigated by Philip et al. (1962),
Nitowski et al. (1964), who concluded, that during tissue cultivation
a progressive loss of the H isoenzymes and an increase of the M isoen-
zymes occur. The alterations seemed to occur irrespective of whether
the cells originated from adult or embryonic, normal or malignant, human
or animal tissue. The influence of higher oxygen tension on the increase
of H isoenzymes has been also established (Dawson et al. 1964, Lindy
et al. 1966, Giittler et al. 1969). The isoenzymatic changes are considered
mostly as a sign of dedifferentiation. The in vitro environment fails to
maintain the controlling factors which are present in the intact organism
and the complex structural and biochemical interactions are lost (Nitow-
ski et al. 1964, Langvad 1970).

The purpose of the present work was to establish the transformation
of LDH isoenzymes of brain tumours of different malignity in short
term cell cultures. It was known from previous investigations (Gerhardt
et al. 1963, Wollemann et al. 1965, 1971) that LDH isoenzymes changed
parallely on the malignancy of gliomas: loss of H isoenzymes, characte-
ristic for the normal human brain was observed in all tumours. The
tumours of mesodermal origin such as meningiomas and neurinomas
showed also a predominance of M-izoenzymes. The isoenzyme changes
were localized not only in the supernatant but also in the mitochondrial
and nuclear cell fractions, so was the increase the total LDH activity
(Nagy et al. 1971).

MATERIAL AND METHODS

The fresh brain and tumour samples were obtained at the time of sur-
gical intervention. One half was kept for histological and biochemical
studies, the other part was dissected into 1-—2 mm pieces aseptically and
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cultured in Falcon plastic bottles, the bottoms of which were coated with
a mixture of hen plasma and chicken embryo extract in equal parts.
After the fixation of tumour explants on the bottom of culture flasks,
20 ml cultivation medium was added to each bottle; this consisted of 80%
TC-199 medium and 20% calf serum. Cell migration started after 1—3
days of explantation. The tumours were kept in the bottles until the
cells were grown over the whole bottom of the flask, this lasted from
14 to 32 days depending on the character of the tumour. Medium was
changed three times a week. The cells were removed with 0.25% trypsin
solution from the bottom of the bottles, and after several times washing
with Tyrode solution they were spinned and dissolved in distilled water
for the disc electrophoretic separation of LDH isoenzymes. Parallel to
the above tumour cell cultures, on cover glasses placed in Leighton tubes,
were grown for histochemical purposes. Histochemical LDH activity
measurements according to Hess et al. (1958) were performed in the cells
of the growing zone developed around the explants. Fifteen tumour and
1 normal brain samples were examined. The following brain tumours
were studied: glioblastoma multiforme (8); malignant astrocytoma (2);
protoplasmic astrocytoma (1); metastatic carcinoma (1); endothelial me-
ningioma (3). The normal brain sample was taken from the left temporal
lobe, resected from a patient with an aneurysm.

Tissue samples for biochemical investigation were immediately cooled
at 0°C, homogenized in 4.5 vol. 0.25 M sucrose, and cellular fractionation
was performed according to Brody and Bain (1952). The cell fractions
were submitted to disc electrophoresis. Two tenth of ml was applied in
20% sucrose or Sephadex G 200 and run at 5°C for one hour in parallels,
and one of each samples was stained for protein according to the method
of Davis (1964). In order to solubilize the enzymes of the mitochondrial
fractions, these were treated with Triton-X 100 in 1% end concentration.
The LDH isoenzymes were stained according to the method of Dewey
et al. (1960). Protein was stained with Naphthalene Black 10 B in gels.
Scanning of the isoenzymes was performed on a Joyce Chromoscan.

RESULTS

Three of eight investigated glioblastomas did not show any change
in the number of LDH isoenzymes after cell cultivation (No 83, 148, 149).
In three cases the number of M isoenzymes increased (No 79, 175, 197)
and in two tumours the number of bands decreased (No 212, 258). In
four of the glioblastomas the most intensively stained isoenzymes were
the same in the original tumour homogenates as in the cultivated samples.
In five cases band 3 (H,M,), and in three tumours band 4 (HM,) were
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Fig. 5. Histochemical staining for LDH of cell culture of endothelial meningioma
No. 144. Note positive reaction in arachnoideal cell and negative staining in the
epithelial cells.

- 4 . A s

Fig. 6. Glioblastoma multiforme No. 149 before (a) and after

15 days of cell cultivation (b, c¢) stained for LDH isoenzymes

(a, ¢) and for protein fractions (b). Note unchanged LDH
pattern and relatively high gamma-globulin fraction.
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Fig. 7. Histochemical staining for LDH of cell culture of glioblastoma multiforme
No. 149. Note positive reaction in a piloid astrocyte and negative staining in the
other cells.

a b 6 d
Fig. 8 Fig. 9

Fig. 8. Glioblastoma multiforme No. 175. LDH isoenzyme pattern from nuclear (a),
mitochondrial (b) and supernatant (c) cell fractions before and after 32 days of
cell cultivation (d).

Fig. 9. LDH isoenzyme patterns from astrocytoma protoplasmicum No. 161, before
(a) and after (b) 27 days of cell cultivation and from metastatic carcinoma No. 184
before (c) and after (d) 14 days of cell cultivation.
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Table 1. Distribution of LDH isoenzymes in human brain and brain tumours before
and after cell cultivation

i Before ’ After | Time of
Sample | HLy H;M H.M, HM;M, Hy HM HM, HM; My cultivation
| | |
Temporal lobe No. 104 |30 ‘88 8% 10 illeoli i Lo
Glioblastoma multiforme ‘ ‘ ‘

No. 79 { 11 20 32 37 —| 9 18 22 43 8| 21 days
Glioblastoma mf. No. 83 130 32 32 6 —| 8 29 36 27 — | 32days
Glioblastoma mf. No. 148 | 8 10 38 44 — ‘ 10 12 36 42 —  20days
Glioblastoma mf. No. 149 |28 36 37 —' — \ 30 36 34 — — | 25days
Glioblastoma mf. No. 175 |18 22 30 36 — |10 36 26 23 5| 32days
Glioblastoma mf. No. 197 |22 32 46 —~ — | — 18 38 42 22 2I days
Glioblastoma mf. No. 212 [12 24 28 26 10| — 25 75 — — | 23 days
Glioblastoma mf. No. 258 |20 28 34 18 — | — 4 32 64 — | 19 days
Astrocytoma mal. No. 54 136 80 .30 4 —|28 32 32 8 —| 29days
Astrocytoma mal. No. 81 ‘ DL 9gi gL Soge: T a a0 S0RERGd 12 1a8 days
Astrocytoma prot. No. 161 38 38 24 — —| 8 34 42 16 — | 27 days

Meningioma end. No. 80
Meningioma end. mal.

|13 16 25 34 12| 8 12 26°41 13| 23 days

20 days

No. 144 14 26 38 22 -|{— 10 90 — —
Meningioma end. No. 261 L1832, 10~ e o 120 44 20 S o 2 AARE
Carcinoma met. No. 184 |— 8 42 50 —| — 6 12 82 — | 14 days

Figures represent percentage contribution of each band to the total activity.

1964). The LDH pattern in cell cultures is changed by several factors,
such as elevation of oxygen or CO: tension (Goodfriend et al. 1966),
or addition of substrate, inhibitors and hormones (Cahn 1963, 1964).
Infection of tissue cultures with the oncogenic adenovirus 12, causes
the culture to develop the malignant type of pattern long before control
uninfected cultures (Latner et al. 1965). Polyovirus infected cultures did
not differ from the controls. We attribute also a possible role to the
presence of oncogenic viruses in induction the M subunits in our mali-
gnant tumours and cell cultures. This view is strengthened by the
appearance of other new multiple forms of enzymes in brain tumours
and their cell cultures. This concern such enzymes as creatine-phospho-
kinase and malate dehydrogenase, among them, the M type creatine-phos-
phokinase which is not present in normal adult and embryonic brain
(Réna et al. 1971, Wollemann et al. 1971).

Schapira et al. (1968), showed in rat hepatomas, that normal liver
M LDH changes toward H LDH, this being similar to the embryonic
liver tissue. They concluded therefore that cancerous isoenzymic modi-
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fications reflect tissue dedifferentiation rather that a shift to a glycolytic

metabolism.
Our experiments prove a tumour dependent metabolism, which is dif-
ferent from the adult, as well as from the embryonic type.

Acknowledgement: The technical assistance of Mrs. Cornelia Szentivanyi and Judith
Calligaris are gratefully acknowledged.

M. Wollemann, L. Gazs6é, E. Réna

ZMIANY W IZOENZYMACH DEHYDROGENAZY MLECZANOWEJ LUDZKICH
GUZOW MOZGU W WARUNKACH HODOWLI TKANEK

Streszczenie

W krétko trwajgcych hodowlach tkanki guzéw mozgu obserwuje sie, zaleznie
od rodzaju guza, przesuniecie wzorca dehydrogenazy mleczanowej w kierunku izo-
enzymo6éw M. Prawidlowy mézg i guzy lagodne, w materiale kr6tko hodowanym,
wykazujg inny wzorzec.

M. Boaaemann, JI. I'azxo, E. Pona

VIBMEHEHMA B U305H3MMAX JAKTATAEIMAPOTEHA3BI U3 YEJOBEYEC-
KX OIIYXOJEV MO3rA B YCJIOBUAX TKAHEBOM KVYJIbTYPhHI

Pe3moMme

B KOpPOTKOCPOYHBIX KYJbTYypaxX TKaHM OIyXoJeil Mo3ra Habjaojaercd, B 3aBU-
CMMOCTM OT BMJa ONYyXO0JM, CABUT obOpa3ua JakTaTAernjporeHasbl B HaNpaBJIEeHUN
u309H3MMOB M. HopmanabHBII MO3r M A06pOKayeCTBEHHbIE ONyXoJy OOHapyzKMBaIOT
Apyrom odpa3zel] B KOPOTKO KYJbTMBMPOBAHHOM Marepuale.
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GAMMA-AMINOBUTYRATE-ALPHA-OXOGLUTARATE
TRANSAMINASE (GABA-T) ACTIVITY OF HUMAN BRAIN
TUMOURS OF A VARIOUS DEGREE OF ANAPLASIA

Laboratory of Biochemistry of the Nervous System, Leningrad University
Laboratory of Pathoanatomy A. L. Polenov Institute of Neurosurgery, Leningrad,
USSR

The gamma-aminobutyric acid (GABA) is considered as a natural in-
hibitory transmitter of the nervous system. The subcellular localization
of GABA system components in the synaptic endings proves GABA to
act as a transmitter. The activity of GABA was shown to mimic the in-
hibitory transmitter both in producing the membrane hyperpolarization
and in increasing the membrane conductance for Clions (Eccles 1965,
Florey 1967, Krawitz 1968, Krnjevic 1970, Roberts et al. 1970, Sytin-
sky 1970).

The intimate contact between glial cells and synapses supports the
concept that the neuroglial tissue may modulate the control of the central
synaptic transmission. But the role of the neuroglia in the metabolism
of GABA remains poorly clarified.

We have also relatively scarse data concerning the content and distri-
bution of GABA and enzymes of its metabolism in the human brain
tumours both of neuroectodermal and mesodermal origine. It was shown
that GABA content was apparently decreased in various types of brain
tumours. The gliomas have the GABA content much lower then the
neuroglia from which they are deriving. It was also found that the
activity of glutamate decarboxylase (GAD) which catalyzes the forma-
tion of GABA from L-glutamic acid was not found in the malignant
tumours (Miiller, Langeman 1962, Wollemann, Dévényl 1963, Promyslov,
Andreeva 1969, Promyslov et al. 1970, Sytinsky et al. 1965, 1968, Sy-
tinsky 1969). The information about a new type of GAD occuring in the
glial cells and human brain gliomas has been obtained in recent investi-
gation carried out in the laboratory of Roberts (Haber et al. 1970).
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The data on the GABA-T activity (E.C.2.6.1.19), the enzyme catalyzing
the reversible transamination of GABA with alpha-oxoglutarate which
is the first step in the main pathway of the utilization of GABA in the
Krebs cycle showed a considerable variation of values in the human
brain tumour tissue (Waksman, Faienza 1960, Sytinsky 1969). However,
the exact data concerning the GABA-T activity of human brain neuro-
ectodermal and meningovascular tumours at variable degree of the ana-
plasia are not available so far.

The main aim of the present study was to obtain information con-
cerning the GABA-T activity in human brain tumours (astrocytomas
and meningiomas) at a variable degree of anaplasia.

MATERIAL AND METHODS

Samples of each brain tumour were examined histologically immedia-
tely after the surgical intervention. Tumours were classified depending
on the degree of the tissue anaplasia as typical, dedifferentiated and ma-
lignant ones after Chominsky’s classification (1969). Samples of the normal
brain tissue derived from the patients killed in accidents without the
cranium damage were taken as controls. In these cases GABA-T activity
of the normal human brain tissue was measured 12 hours after the death.
Sometimes the brain tissue adjoining to the tumour, removed at the
time of operation was also examined for the sake of a control compari-
son. The tissue samples (0.5 g) were homogenized in the ice-cold 0.25 M
tris-buffer (2.8 ml) of pH 8.6. The colorimetric method of determination
of the GABA-T activity is based on the interaction of 3-methyl-2-benz-
thiazolone-2-hydrazone (MBTH) with succinic semialdehyde (SSA) which
appears during the enzymatic reaction (Vasiljev, Eremin 1968). The incu-
bation mixture consisted of 0.5 ml of 0.25 M tris-buffer of pH 8.6 and
0.5 ml of each of the solutions containing 40 wmoles of alpha-oxoglutaric
and gamma-aminobutyric acids and the brain homogenate. The final
volume was adjusted to 1.5 ml. After the incubation which was perform-
ed for 1 hr at 37°C the enzymatic reaction was stopped by adding 0.5 ml
of 20% trichloroacetic acid which was also added to the control samples
before the incubation. After the precipitation of proteins the samples
were centrifuged. Fifty ul of the deproteinized incubation medium con~
taining 0.02 — 0.05 wmoles of SSA were then added to 0.5 ml of the 1%
MBTH solution. The samples were heated for 3 min. in a boiling-water
bath and cooled down to 18—20°C. Thereafter 1 ml of the 0.25% ferric
chloride (FeCl; of pH 2.0) was added to each sample followed in 5 min.
by the addition of 4 ml of acetone. After shaking the concentration of
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SSA in the samples was determined with the photoelectrocolorimeter,
model FEK-M 56. The activity of GABA-T was expressed as micromoles
of SSA formed per g of the fresh tissue per hour. The data obtained were
examined statistically by the t-test (Fisher 1958).

RESULTS AND DISCUSSION

The data concerning the GABA-T activity in normal human brain
tissue are shown in Table 1. The comparison of the GABA-T activity

Table 1. GABA-T activity in normal human brain tissue

pmoles SSA/g/hr

g postmgrterxl brain tissue biops:\,r'r brain tissue
36.0 ‘ 22.8
32.0 | 26.0
37.9 j 25.5
38.0 1 37.1
; 32.0
I 23.4
Mean + S.EM. 31.1+1.95 ! (22.8—38.0)

found in the samples of human and rabbit brain tissue determined by
the same method revealed in both cases similar values (27.0 wmoles
SSA/g/hr the rabbit brain and 31.1 umoles SSA/g/hr — human brain).

It was also found that the postmortem changes in the brain tissue
exerted influence on the GABA-T activity. On the other hand, it has
been stated that the brain tissue adjoing to the tumour and removed
during the operation can not serve as to an exact control, sample for
the normal brain tissue. However, it is rather difficult to explain the
difference tetween the GABA-T activity of the postmortem and biopsy
krain tissue.

The data on the GABA-T activity in the human brain tumours are
shown in Table 2 and Figure 1. The analysis of the data of the GABA-T
activity in the tumour tissue of the human brain is rather difficult. The
activity of the enzyme in a typical astrocytoma was increased by 23%.
These changes in the GABA-T activity as compared with the normal
ones are statistically significant (p << 0.01). The activity of this enzyme
was in some samples of the typical tumours 1.5 times higher than that
in the adjoining normal brain tissue. However, the GABA-T activity
of the dedifferential astrocytoma was at the same level as in normal

Neuropatologia Polska — 2 6
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tissue. The degree of the tumour tissue anaplasia without any doubt
influences the GABA-T activity, which was lower in the malignant’ tu-
mours (malignant ependymoma and meningeal sarcoma) than in the
normal brain tissue. Thus it is possible to come to the conclusion that
the GABA-T activity is decreased in accordance with the degree of the
anaplasia and the defferentiation process. The figures shown in the
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Fig. 1. The GABA-T activity of human brain tumours. I — control, 2 — typical

astrocytoma, 3 — dedifferentiated astrocytoma, 4 — malignant ependymoma, 5 .—

neurinoma, 6 — typical meningioma, 7 — dedifferentiated meningioma, 8 — malig-
nant meningioma, 9 — angioreticuloma.

Table 2. GABA-T activity of human brain tumours

] |
I .x\‘Iumbetr ’ umoles SSA/g/hr
Type of tumour i of investiga-
% | tions | mean + SEM. | range
neuroectodermal tumours:
typical astrocytoma 7 | 38.34-0.02 37.1-38.7
]’ p<0.01
dedifferentiated astroeytoma | f 31.44-2.3 26.0-—43.0
malignant ependymoma 1 ‘ 21.8
neurinoma i 4 33.31+4.26 26.0—44.2
meningovascular tumours:
typical meningioma 11 32.1+1.4 25.5—37.
dedifferentiated meningioma 2 ; 2.7 ‘ 18.4—37.
malignant meningioma j 1
(meningeal sarcoma) ‘: 3 ‘ 25.5+0.14 3 25.5—26.0
| . p<<0.05 f
'f 2 149.0 ’ 115.0 ; 160.0

angioreticuloma
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Table 2 illustrates the great variety of values of the GABA-T activity.
The two cases of the vascular tumour (angioreticuloma) show the highest
activity of GABA-T.

Our attempt to demonstrate quantitative differences between the
GABA-T activity of the normal and neoplastic brain tissues doesn’t
allow us to come to definite conclusions. The data of Promyslov and
Andreeva (1969) indicated that the process of transamination of GABA
to alpha-oxoglutarate occurs approximately 4 times slowlier in all types
of the brain tumours than in the normal brain tissue. However, in their
opinion, the GABA-T activity doesn’t depend on the degree of the tumour
tissue anaplasia. On the other hand the GAD activity was not found
in malignant tumour samples (Promyslov, Andreeva 1969, Sytinsky 1969).
Only recently a new type of GAD has been obtained from the human
brain gliomas (Haber et al. 1970). It is obvious that the morphological
variety of glial cells corresponds to their neurochemical character. Appa-
rently the GABA-T activity reflects only to a considerable extent the
existence of the oxidative metabolism in the brain tumours.

Obviously, the peculiarities of the brain tumours and thereby the loss
of the specific metabolic functions of the neuroglial cells explain the
disappearance of GABA with its functional role in the activity of the
central nervous system. In this case GABA is only the substrate used
up in the processes of energy consumption in tumour cells with metabolic
acceleration of the intermediate products of glycolysis occuring under
the influence of GABA.

A. 1. Sytinskij, T. W. Czajka, G. N. Michajlowa

AKTYWNOSC GAMMA-AMINOMASLAN-ALFA-OKSOGLUTARAN-AMINO-
-TRANSFERAZY (GABA-T) W GUZACH MOZGU O ROZNYM STOPNIU
ANAPLAZJI

Streszczenie

Celem badan tej pracy bylo ustalenie aktywnos$ci GABA-T w réznego stopnia
anaplazji guzach moézgu czlowieka. Aktywno$§é enzymu oznaczano przy pomocy
kolorymetrycznej metody, opierajgcej sie mna reakeji kondensacji powstajacego
w przebiegu enzymatycznej reakcji pétaldehydu bursztynowego z 3-metylo-2-benzo-
tiazyl-2-hydrazonem (metoda wlasna).

Stopien anaplazji guzéw okreslano wedlug klasyfikacji Chominskiego, szeregujac
guzy do trzech grup typowych, odréznicowanych i zlo§liwych. Aktywnos¢ GABA-T
wykazywala znaczne zrdéznicowanie nawet w tych samych typach guzéw. Autorzy
postuluja, ze stopienn anaplazji nowotworu wywiera decydujacy wplyw na aktyw-
noéé enzymatyczna, ktéra obniza sie w nowotworach zlo§liwych. GABA w mnowo-
tworowej tkance przestaje odgrywaé charakterystyczng dla uktadu nerwowego role
mediatora hamowania, a pozostaje tylko substratem w przemianie materii.
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Pf. A. Coerruackmir, T. B. Yanka, I'. H. MwnuxaiioBa

AKTUBHOCTb T'AMMA-AMMHOBYTUPAT-AJIbPA-OKCOI'JIYTAPAT-AM-
HO-TPAHC®EPA3EI (GABA-T) B OIIYXOJIIX MO3TA PA3JIMYHOMN
CTEIIEHU AHAIIJIA3SUU

Pe3wme

Ilens HACTOALErO MCCAEAOBAHMA COCTOAJIA B  YCTAHOBJEHMM AKTHBHOCTH
TAMK-T B OnOyxXxonfax pa3jIMdHOM CTeNeHM aHamas3my Mo3ra 4ejJoBeKa. AKTUB-
HOCTH (bepmenTa omnpegenAxn pas3paboTaHHBIM B Hallei JjgabdopaTopuu KoJoOpUMe-
TPUYECKMM METOJOM, KOTOPbIiI OCHOBAH Ha peakUMM KOHAeHcauuyu oOpasylolerocst
B Xojle (bepMEHTATMBHOM peakUMy SHTAPHOIO IoJyalbjeruaa ¢ 3-McTuiI-2-6eH30-
THa30J0H-2-TuIPo30HOM. CrTeneHb aHaNJa3uM OIYXOJieM ONpedeiAin COTrJIACHO
Kiaaccudugammm XOMMHCKOTO — TUImM4eckKue, aeamddeHumnadbHble M 3J0KadecT-
BeHHble. BennmumHa aktmBHOocTM I'AMK-T wnmeer BecbMa OOJBLIONH pa3Mmax KoJe-
OaHmi1 faxke NpyM ompeAesieHMy B OZHMX UM TeX Ke Tumax omnyxoieir. ITo-Bugmmomy,
CTeneHb KaTaria3my OKAa3bIBaeT BJMAHME HAa (DEePMEHTATMBHYIO aKTUBHOCTb, KOTO-
pas CHMUIKAeTCA B 3JIOKAYECTBEHHLIX TUIIAX OIyXoJieil TrojJoBHOro mo3sra. I'AMK
B ONYXOJIeBOI TXaHM TOJOBHOTO MO3ra TepdeT CBOI0 creunduyecKyl poJb MeAua-
TOPa TOPMOXKEHMA B HEPBHON CUCTeMe U ABJAeTcA Jullb cybcrparom B ob0Mene
BelleCTB.
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VERGLEICHENDE ASPEKTE BEZUGLICH AKTIVITAT
UND ISOENZYMMUSTER DER LACTATDEHYDROGENASE
BEI SPONTANEN SOWIE EXPERIMENTELLEN HIRNGLIOMEN *¥)

Institut fiir Allgemeine Pathologie und Neuropathologie der Tierdrztlichen Fakultét
der Universitdt Miinchen, GFR
Vorstand: Prof. Dr. E. Dahme

Instytut flir Klinische Chemie des Stddtischen Krankenhauses Miinchen-Harlaching

Chefarzt: Priv.-Doz. Dr M. Knedel
Abteilung fiir Neurochirurgie des Klinikums rechts der Isar der Technischen
Universitdt Miinchen

Chefarzt: Dr. W. Weidenbach

Lactatdehydrogenase (LDH, EC 1.1.1.27) stellt als Katalysator der Hin-
und Riickreaktion (Oxydation-Reduction) zwischen Lactat und Pyruvat
in Gegenwart von Nicotinamidadenindinucleotid ein wichtiges Enzym
der Glycolyse dar.

Warburg (1926) konnte nachweisen, dass der Energiebedarf des Tumor-
gewebes hauptsiachlich durch anaerobe Glycolyse gedeckt wird, wodurch
sich das neoplastische Gewebe vom normalen unterscheidet. Folgerichtig
ist die Untersuchung des Verhaltens der LDH und ihrer Isoenzyme bei
Pri- bzw. Neoplasien von besonderer Bedeutung. Dies stellt ndmlich eine
Moglichkeit dar, die gestorten bzw. vorherrschenden Stoffwechselsysteme
wiahrend der Tumorentwicklung mit den morphologisch fassbaren
Gewebsverianderungen in Beziehung zu setzen.

Unser Interesse gilt der vergleichenden Betrachtung der Verteilung
der LDH-Isoenzyme bei Hirngliomen des Menschen (100) einerseits und
bei vergleichbaren spontanen (Hund 8) sowie experimentell mittels
Methylnitrosoharnstoffs induzierten Hirngliomen verschiedener Tier-
species (Kaninchen, Ratte 250) andererseits. Insbesondere sollte gepriift
werden, inwieweit die verschiedenen Tumorgruppen auch durch ein
unterschiedliches Isoenzymmuster gekennzeichnet sind und inwiefern
innerhalb einer Tumorgruppe Verschiebungen im LDH-Isoenzymmuster
auftreten, die sich mit den morphologisch fassbaren Malignitdtsmerk-
malen korrelieren lassen.

*) Mit dankenswerter finanzieller Unterstiitzung durch die Deutsche Forschungs-
gemeinschaft.
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Hinsichtlich des Vorkommens bzw. der Verteilung der LDH sowie
ihrer Isoenzyme bei vergleichbaren spontanen und experimentellen Hirn-
gliomen wurden keine grundsitzlichen Unterschiede festgestellt. Im fol-
genden wird daher auf die bei den einzelnen Tumorgruppen gemachten
Beobachtungen gemeinsam nédher eingegangen.

1. Oligodendrogliom I, II: Bei allen untersuchten isomorphen
(Grad I) wie pleomorphen (Grad II) Oligodendrogliomen wurde eine
positive LDH-Reaktion festgestellt. Die LDH-Aktivitat ist bei den iso-
morphen Oligodendrogliomen gering bis maissig, wobei die gebildeten
Formazangranula gleichmaéssig liber das ganze Tumorgewebe verteilt sind
(enzymatische Isochromie). Bei pleomorphen Oligodendrogliomen ist eine,
zumindest gebietsweise, erhohte LDH-Aktivitdt zu beobachten (Abb. 1 a,
b, f und 2 a;'c).

Hinsichtlich des Verhaltens der LDH-Isoenzyme ist festzustellen, dass
sowohl bei den isomorphen als auch bei den pleomorphen Oligodendro-
gliomen im allgemeinen alle fiinf LDH-Banden nachweisbar sind. Zwi-
schen den beiden Dignitdtsgraden treten jedoch Unterschiede in der
prozentualen Verteilung der einzelnen LDH-Fraktionen auf. Wéihrend
bei isomorphen Oligodendrogliomen die anodischen Banden die katho-
dischen iliberwiegen, wird bei den zur Pleomorphie neigenden Tumoren
eine Rechtsverschiebung in den Pherogrammen deutlich (Abb. 1 g und
2 d). Das LDH-Pherogramm isomorpher Oligodendrogliome ist ferner
dadurch charakterisiert, dass hier die anodische Fraktion LDH,; die
héchste prozentuale Aktivitat aufweist.

2. Astrocytome I, II: Im Vergleich zu den Oligodendrogliomen
sind die Astrocytome durch eine intensivere LDH-Reaktion gekennzeich-
net. Das Reaktionsprodukt ist nicht nur, wie bei den Oligodendrogliomen
in den Perikarya, sondern auch in den Astrocytenfortsdtzen lokalisiert
(Abb. 1 ¢, d, e). Lange und Anzahl der LDH-aktiven Astrocytenfortsitzen
sind unterschiedlich. Wahrend namlich bei isomorphen Astrocytomen
zahlreiche, lange Fortsdtze — die manchmal bis zur Capillarinserierung
hin verfolgt werden kénenn — vorkommen, lassen sich bei den zur Pleo-
morphie neigenden Astrocytomen (Abb. 2b) wenige plumpe und kurze
Fortsidtze erkennen. Zwischen den Zellen isomorpher Astrocytome sind
kaum Aktivitdtsunterschiede zu beobachten. Bei den pleomorphen Tu-
morbezirken lassen sich jedoch starke zellindividuelle Aktivitatsschwan-
kungen nachweisen.

Die Verteilung der LDH-Isoenzyme bei den astrocytdren Tumoren ist
in der Regel @hnlich jener bei den Oligodendrogliomen (Abb. 1 g). Die
héchste prozentuale Isoenzymaktivitit bei den isomorphen Astrocytomen
weisen die anodischen LDH-Fraktionen auf, wobei das Aktivitatsgefille
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Abb. 1. Spontanes (Mensch, a) bzw. experimentelles (Ratte, b) Oligodendrogliom I mit

typischen ,Honigwaben”-Architekturen. Spontanes (Mensch) protoplasmatisches (c)

bzw. fibrilldres (d) Astroeytom I. Gleichmé&fig verteilte LDH-AKktivitat (enzymatische

Isochromie) sowohl bei Oligodendrogliom I (f) als auch bei Astrocytom I (e). Ty-

pische Verteilung der LDH-Isoenzyme (g) bei dem isomorphen Astrocytom (c) mit

tiberwiegend anodischen LDH-Fraktionen. (a, d HE-Farbg. 150x; b, ¢ NISSL-Firbg.
120x: f bzw. e LDH 120x bzw. 150x).
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Abb. 2. Experimentelles Oligodendrogliom II (Ratte, a) und Astrocytom II (Ratte, ).

Deutliche LDH-Aktivititssteigerung bei einem experimentellen Oligodendrogliom IT

(Ratte, ¢) im Vergleich zu Oligodendrogliom I (1 f). Rechtsverschiebung im LDH-

Pherogramm eines spontanen Oligodendroglioms II (Mensch, d). (a, b NISSL-Férbg.
120x; ¢ LDH 120x).

Abb. 3 Experimentelles (Kaninchen, a) bzw. spontanes (Mensch, b) Glioblastom mit

Monsterzellen und zahlreichen Mitosen. Ausgepragte ungleichméafBlige Verteilung

der LDH-Aktivitdt (enzymatische Anisochromie) bei einem spontanen Glioblastom

(c). Verteilung der LDH-Isoenzyme (d) bei dem Glioblastom der Abb. 3 b mit liber-

wiegend kathodischen LDH-Fraktionen. (a NISSL-Farbg. 120x; b HE-Farbg. 150x;
¢ LDH 120x).
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zwischen der LDH; und den ibrigen anodischen Banden nicht so stark
ist wie bei den Oligodendrogliomen. Bei den Astrocytomen des Maligni-
tatsgrades II ist eine deutliche Abnahme der Aktivitdt der anodischen
zugunsten der kathodischen LDH-Fraktionen festzustellen.

3. Pleomorphe Gliome bzw. Glioblastome: Bei diesem
Tumortyp lassen sich bei der LDH-Reaktion die starksten zellindivi-
duellen Aktivitdatsunterschiede nachweisen (enzymatische Anisochromie).
Monsterzellen sowie riesenzelldhnliche Bildungen weisen die intensivste
Reaktion auf (Abb. 3 a, b, ¢). Im Cytoplasma von Monsterzellen lassen
sich oft umschriebene, kernnalhiegende Bezirke nachweisen, die durch
eine starke Formazanbildung charakterisiert sind und von einem for-
mazangranulaarmen Giirtel umgeben werden.

Das LDH-Isoenzymmuster der pleomorphen Gliome bzw. Glioblastome
unterscheidet sich wesentlich von jenem der Oligodendrogliome und
Astrocytome. Fiir die Glioblastome ist in der Regel die Abnahme der
Aktivitat der ersten LDH-Fraktionen (LDH;_,), die von einer entspre-
chenden Aktivitdtszunahme der librigen Banden (LDH;_;) begleitet wird,
typisch (Abb. 3 d). Die Aktivitdt der anodischen LDH-Fraktionen ist oft
so gering, dass in den Pherogrammen nicht auswertbare Spuren oder
tiberhaupt keine Aktivitdt nachgewiesen werden kann (Abb. 3 d). Letz-
teres gilt besonder fiir die experimentellen Gliome, bei denen oft nur
die kathodischen LDH-Isoenzyme nachgewiesen werden konnen.

Gleichwohl die anodischen LDH-Fraktionen bei isomorphen Oligoden-
drogliomen und Astrocytomen die kathodischen iiberwiegen, scheint den-
noch zwischen den beiden Tumortypen ein unterschiedliches Verhalten
der anodischen Banden vorzuliegen. Wihrend némlich bei isomorphen
Oligodendrogliomen LDH,; die hochste Aktivitit entfaltet, sind bei iso-
morphen Astrocytomen LDH2_3 am starksten vertreten. Dieser Befund
korreliert mit den von Victor und Wolf (1937) sowie Heller und Elliot
(1955) erzielten Ergebnissen liber den hohen O,-Verbrauch der Oligoden-
drogliome, welchletzerer auch durch das Verhalten der Cytochromoxy-
dase bei spontanen (Hanefeld 1965) wie bei experimentellen (Stavrou
1969b; 1970b) Oligodendrogliomen dokumentiert wird. Diese tibereinstim-
menden biochemischen und histochemischen Daten deuten auf die wohl
unterschiedliche Stoffwechselleistung bzw. Funktion der beim Tumor-
aufbau beteiligten Gliazellen hin.

Aufgrund der bislang vorliegenden Befunde (Lit. bei Stavrou 1970a)
liefert der topochemische Nachweis der LDH, vor allem in Verbindung
mit anderen Enzymreaktionen, bei der Klassifikation sowohl spontaner
als auch experimenteller Hirntumoren wertvolle Hinweise. Insbesondere
stellt die Klarung der Frage des Vorliegens einer enzymatischen Iso-
morphie bzw. Pleomorphie (Schubert, Kreutzberg 1967) oder einer enzy-
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matischen Isochromie bzw. Anisochromie (Stavrou 1970b) eine wesent-
liche Voraussetzung fir die Beurteilung des Differenzierungsgrades von
Hirntumoren dar. Dies ist umso bedeutender, als die enzymtopochemi-
schen Methoden auch in der Schnellschnittdiagnostik optimal eingesetzt
werden koénnen.

Die Objektivierung der Dignitdt von Tumoren des Nervensystems
scheint mit Hilfe der quantitativen Erfassung der LDH-Isoenzyme mog-
lich zu sein. Nach den vorliegenden Befunden und unter Berticksichti-
gung der Literaturangaben (Gerhardt et al. 1963, 1967; Sherwin et al.
1968; Haglid et al. 1970) liberwiegen bei gut differenzierten bzw. iso-
morphen Hirngliomen die anodischen die kathodischen LDH-Fraktionen
(vorwiegend aeroble Glycolyse). Mit fortschreitender Entdifferenzierung
kommt es in den LDH-Pherogrammen zu einer entsprechenden Rechts-
verschiebung. Diese Rechtsverlagerung der Isoenzymaktivitit erreicht
bei den pleomorphen Glicmen bzw. Glioblastomen ihr Maximum. Ma-
ligne Hirntumoren sind also dadurch charakterisiert, dass sie vor allem
kathodische LDH-Isoenzyme besitzen (vorwiegend anaerobe Glycolyse).

Ahnliches Verhalten der LDH-Isoenzyme konnte auch bei experimen-
tellen Tumoren des peripheren Nervensystems der Ratte beobachtet wer-
den (Stavrou et al. 1970). Auffallend ist jedoch, dass bei experimentellen
pleomorphen Gliomen und malignen Schwannomen oft nur Spuren oder
tiberhaupt keine anodischen LDH-Fraktionen nachweisbar sind. Dieses
Verhalten der LDH-Isoenzyme entspricht der ausgeprédgten zellindivi-
duellen enzymatischen Variabilitdat beim topochemischen Nachweis der
ILDH sowie dem bunten histologischen Bild und deutet auf die starke
Entdifferenzierung experimenteller Tumoren des Nervensystems hin.

Zusammenfassend kann aufgrund der bisherigen Ergebnisse gesagt
werden, dass der topochemische Nachweis der LDH, verbunden mit der
elektrophoretischen Auftrennung bzw. quantitativen Erfassung ihrer Iso-
enzyme einen wesentlichen Fortschritt bei der ,differenzierten” Hirn-
tumordiagnostik darstellt.

Frl. H. Kirzeder sowie Frl. D. Wallmann danken wir fiir die sorgféltige technische
Assistenz.
D. Stavrou, M. Knedel, W. Weidenbach

BADANIA POROWNAWCZE AKTYWNOSCI I SKEADU IZOENZYMOW
DEHYDROGENAZY MLECZANOWEJ W SPONTANICZNYCH
I DOSWIADCZALNYCH GLEJAKACH MOZGU

Streszczenie

Poréwnujac rozmieszczenie i wystepowanie dehydrogenazy mleczanowej i jej
izoenzyméw w ludzkich guzach mézgu oraz w spontanicznych i do§wiadezalnych
guzach mézgu u réznych gatunk6éw zwierzgt, mie stwierdzono pomiedzy nimi zad-

http://rcin.org.pl



Nr 2 Lactat Dehydrogenase bei Hirngliomen 187

nych istotnych réznic. Glejaki izomorficzne (skgpodrzewiaki i gwiazdziaki) charak-
teryzuja cie umiarkowang, wzglednie wysoka aktywno$ciag dehydrogenazy mlecza-
nowej, rozmieszczong regularnie w catych skrawkach z kriostatu (izochromia enzy-
matyczna).

W rozdziale elektroforetycznym dehydrogenazy mleczanowej w obu typach guzéw
frakcje anodowe przewazaja nad katodowymi. W elektroforogramach z guzéw o II°
zréznicowania (skgpodrzewiaki II° i gwiazdziaki II°) jest widoczne zmniejszenie
ilo$ci frakeji anodowych na rzecz katodowych. Glejaki wielopostaciowe charaktery-
zujg sie duzym zr6znicowaniem w lokalizacji enzymoéw, odrebnym dla kazdej ko-
moérki (anizochromia enzymatyczna). Elektroforogramy dehydrogenazy mleczanowej
tej grupy guzb6w roznig sie od elektroforograméw glejakéw izomorficznych najwyz-
szg aktywno$cig frakcji katodowych. Glejaki wielopostaciowe charakteryzujg sie naj-
wyzszymi poziomami aktywno$ci izoenzyméw LDH;—,, w ktérych frakcje anodowe
sg widoczne stabo lub wcale nie wystepujg. Dotyczy to zwlaszcza glejakéw wielopo-
staciowych wywolanych do$wiadczalnie i wigze sie z silnie zaznaczong anaplazjg
tych guzéw.

J. CraBpoy, M. Kuenens, B. Beitgenbax

CPABHUTEJIBHBIE MCCIELZOBAHMA AKTVMBHOCTU M COJEPXKAHUSA
M3O5H3MMOB JAKTATIETMIPA3bI CIIOHTAHHBIX ¥ SKCIIEPMMEH-
TAJBHBIX T'JIMOM MOSITA

Pe3wme

CpaBHMBasg pacrnpepeseHre u HaXOXKAEHMe JIaKTaTAerMapasbl M €e M303H3MMOR
E YeJIOBEYECKMX OIyXOJAX M03ra, a TaKzKe B CIOHTAHHBIX M 9KCIIePUMMEHTAJNbHbIX
OTyXOJIAX MO3ra KMBOTHBIX He OOHaApyIKeHO MeXK/Jy HMUMM HUKAKUX CYyII[eCTBEHHBIX
PasHui. V3omopdHbIe TIMOMBI (OJIMIOAEHAPOLMTOMBI M ACTPOLMUTOMBI) XapaKTepusy-
KTCs yMEPEeHHOM, OTHOCUTEJIBHO BbICOKOM AKTMBHOCTBHIO JIaKTaTJAerMaApasbl, pacrpo-
CrpaHEeHHOII PeryJjiipHO B LEJbIX Cpe3ax M3 KpuocraTta (9H3uMMaTHyYecKas M30XPOMMUA).

IIpn  anekrTpocbopernvecKkoM pasjeneHmy JaKTaTgernjgpasbl B 000MX THUNax
OTyXosm aHojHble parkumy peodiaazarT Haj KarogHbiMu. Ha amekrpocdoporpa-
vax omnyxousein I1I° audepenHumauum (oiurogeHApounToMbl II° M acTPOLMTOMBI
I°) BMAHO yMeHbIIeHMe AHONHBLIX (PAKIMA IO CPaBHEHMIO C KaTOAHLIMM paK-
mAmMy. IlaeitoMopdHbIe TIMOMBI M MYJLTU(DOPMHBIE T[AMODJACTOMBI XapaKkTepii-
sriorca Oonbmiod andpdepeHManMen JoKaIu3auuy 23H3MMOB, OTAEJbHON IJA KamK-
JDM KJIeTKM (9H3MMaTHUYecKas aHU30Xpomus). DIIeKTPodOoporpaMmel JlaKkTaTAerujapasbl
2roil TPYNNbl OIYXOJei OTJIMYAITCH OT 9JIeKTPOoOoporpaMM U30MCPMHBIX TIJHOM
Moyt OOJIbIIION AaKTUBHOCTHIO KATOAHBLIX bpakumii. IlneitoMopdHbIe TaIMOMBI Xapak-
TPU3YIOTCA HAMBBICIUMMM YPOBHAMM aKTMBHOCTM M309H3MMOB LDH; 4, aHOnHBIe (hpak-
LMY KOTOPbhIX C€Jabo BUAHBI MJIM BOBCE HE 3aMEeTHbl. DTO KacaeTcd OCODeHHO MYJIbTHU-
QOPMHBIX TIJAMOOJIACTOB, BBHI3BAHHBIX 9SKCIEPMMEHTAJIHBHO M 9TO CBA3aHO C CUJBHO
EbIPazKeHHOM aHaIjla3uei 9TUX OIly XOJIe.
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The structure and mineral elements constitute more than 99 per cent
of the elementary composition of a human body. All other elements are
found in small concentrations and thus are called trace elements; a di-
stinction is made between essential and non-essential trace elements.
Essential trace elements require only small concentrations to perform
their biological functions, for example as activators, regulators, co-fac-
tors and stabilizers; therefore they are also called anorganic active sub-
stances. On the other hand, non-essential trace elements are considered
as contaminators or ,fellow-traveller elements”, avhich have no physio-
logical function (Bersin 1963; Comar, Bronner 1964; Kasperek et al. 1970;
Schicha et al. 1971).

The trace element content of biological tissues may be changed princi-
pally by two reasons: ,

1) as a result of primary disturbed metabolism; in this case secondary
effects with respect to essential trace elements may occur;

2) as a result of primary environmental factors; in this case special
emphasis has to be placed on the non-essential toxic heavy metals (Hue-
per, Conway 1964); disturbances of metakolism may occur here as a se-
condary effect.

This paper reports on the trace element content of human cerebral
tumours.

MATERIAL AND METHODS

From patients, who underwent operations for cerebral tumours, a total
of 40 tissue samples were examined *. The samples were taken during

*) We- are indebted to Prof. Dr. R. A. Frowein (Neurosurgical Clinic of the
University of Cologne) for the dissection of biopsy tissue samples.
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operation; they were not formaline-fixed and did not come into contact
with other substances with the exception of bi-distilled water, which
was used for draining to remove blood. The dry tissue sample weights
were between 50 and 400 mg.

The samples consisted of:

1) normal cerebral tissue (n=12): 6 samples of brain cortex and 6 of
brain white matter;

2) benign cerebral tumours (n=16): 3 astrocytomas (grade I), 3 oligo-
dendrogliomas (grade I), 2 spongioblastomas, 2 ependymomas and
6 neurinomas;

3) malignant cerebral tumours (n=7): 5 glioblastomas, 1 oligodendro-
glioma (grade II) and 1 medulloblastoma;

4) separate samples (n=5): 4 tumour necroses and 1 calcified oligo-
dendroglioma (grade I).

The trace element content of the tissue samples was determined by
neutron activation analysis (Kasperek 1969). This analytical method is
based on the transformation of the naturally stable isotopes into radio-
active isotopes by means of neutron irradiation. This is shown schemati-
cally in Fig. 1. The radioisotopes, obtained by neutron capture, decay
with characteristic half-lifes and usually emit beta and gamma-rays.
The energy spectra of the gamma-emission are measured for quantita-
tive analysis. The radioactivities of the single radioisotopes allow comput-
ing the corresponding stable isotope contents and thus the respective
element concentrations, according to the correlations shown at the bot-
tom of Fig. 1.

The special technique used measures long-lived radioisotopes, but
excludes radiochemical separation. By this method the number of ele-
ments, which may be analyzed, is limited; on the other hand, the possi-
bility of contamination and analytical failure may practically be eliminat-
ed. The dried tissue samples were irradiated for 10 days with an average
thermic neutron flux of 5 X 1013 neutrons per cm? and second, i.e. with
a neutron dosis of 5 X 1019 neutrons per cm2 The gamma spectra of the
activated samples were registered by a germanium-lithium detector
coupled to a 1600 multichannel pulse height analyzer after a decay time
of 40 days. The gamma energy spectrum of an activated brain tissue
sample is given in Fig. 2; the abscissa indicates the gamma energy in
KeV, the ordinate the pulse rate. These complex spectra were analyzed
according to standard programs using the IBM 360/75 computer.

The elements: silver (Ag), cobalt (Co), chromium (Cr), caesium (Cs),
iron (Fe), rubidium (Rb), antimony (Sb), scandium (Sc), selenium (Se)
and zinc (Zn) were determined quantitatively. The concentrations are
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ACTIVATION ANALYSIS
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A = decay constant of the radioisotope, A = In 2 /T
T = half-life of the

radicisotope

Fig. 1. Pattern of neutron activation analysis
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related to the dry tissue weights. The relative analytical error for cobalt,
iron, rubidium, selenium and zinc is on the average less than 5 percent,
and for the other elements it ranges between 10 and 20 percent.
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Fig. 2. Gamma-energy-spectrum of an activated tissue sample of the brain.
RESULTS AND DISCUSSION

Neutron activation analysis is at present the most sensitive and exact
method for quantitatively and simultaneously determining numerous
trace elements in biological tissues (Kasperek 1969). Whereas histoche-
mical examinations do not permit really selective and quantitative state-
ments, the activation analysis allows a qualitatively specific as well as
quantitatively sufficient measurements of trace element concentrations.

The mean cerebral element contents measured are in relatively gcod
agreement with the values of other investigators, as far as comparative
values may be referred to Bersin (1963); Comar, Bronner (1964); Tipton,
Cook (1963); Tipton et al. (1965). As in other biological tissues, also in the
brain relatively small variations of essential trace element concentrations
are found, whereas the mon-essential elements partly show extremely
high differences, even in adjacent samples in a single brain (Kasperek
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et al. 1970; Schicha et al. 1969; 1970; 1971; Tipton, Cook 1963; Tipton
et al. 1965). Table 1 shows the variation factors Vg, the ratio maximal/
minimal element content and the standard deviations in percentage of
the mean (S. D.), measured in the normal brain tissue.

Table 1. Variation of essential and non-essential trace elements in normal
brain tissue

S.D. (%) [ Vr
Fioi gl 44 4.1
Essential ‘ Fe 48 2.8
trace elements " Rb 42 3.3
Se 15 1.6
Zn 13 1.4
Ag — 87
Non-essential Cr — 51
trace elements Cs - 12
Sb — 80
Se — | 75

S.D. = Standard deviation in 9, of the mean
Vy = Variation factor, maximal/minimal value

Amongst these elements cobalt, iron, selenium and zinc are essential
for the human being, whereas silver, caesium, antimony and scandium
are probably not essential (Bersin 1963; Comar, Bronner 1964; Kasperek
et al. 1970; Schicha et al. 1969; Schroder 1965). In this Table rubidium
was grouped as essential and chromium as non-essential; however, both
elements might possibly be essential.

The group of essential elements shows narrow standard ranges: appro-
ximately 65 to 80 percent of the single values are measured within the
mean * 30 per cent. The variation factors (Vy) average 2.6. However,
as far as the non-essential elements are concerned, the single values
differ extremely. The variation factors (Vg) are generally more than 50
and a statistical analysis is here of no use. Therefore, the non-essential
trace elements are excluded from the following statistical considerations.

Fig. 3 shows the essential trace element content of the normal brain.
The mean content of cerebral cortex is normalized to 1 (open columns)
and the * standard error is given. It is obvious, that in the cerebral
white matter (shaded columns) the elements: cobalt, selenium and zinc
are significantly lower than in the cortex (student t-test: Pco << 0.0025,
Pse < 0.01, P2, < 0.0005), whereas iron, rubidium and the non-essential

Neuropatologia Polska — 2 : 7
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elements show no significant differences. The reasons for different
element contents of cerebral white matter and cortex are unknown.

Since the metabolism in tumours principally is quantitatively and not
qualitatively altered (Buchwald, Hudson 1955; Richterich 1958), the con-
centrations of the essential trace elements are expected to reflect this
situation. Therefore the distribution of the trace element contents in
the various groups was compared.

1+
w
I

Co

Fig. 3. Element content of normal cerebral tissue. C = cortex, M = white matter
open columns — cortex, values normalized to 1 shaded columns — white matter

+ standard error is given.

M C MC MC M C | M C
ij-\\ j\ M | |
MCTBCT | | MCTBCT BCTMCT BCT MCT ]‘ |
T T T T ey T i 1
5 10 5 10 5 10 20 10 20
10_89 Co/1g dry tissue 10_49Fe /1gdry tissue IO-Sg Rb/1gdry tissue 10_59 Zn/1g dry tis: 1071 Se/1g dry tissue
Co Fe Rb Zn Se

Fig. 4. Trace element distribution in brain. C = mnormal cerebral cortex; M = nor-
mal cerebral white matter; BCT = benign cerebral tumours; MCT = malignant
cerebral tumours.
Abscissa: element concentrations in gram
element per 1 gram dry tissue
Ordinate: number of cases (relative values, peak heights normalized to a constant
height)
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In Fig. 4 the concentrations of cobalt, iron, selenium, rubidium and
zinc are given: in line I in the normal brain tissue, separated for cerebral
cortex (C) and white matter (M), and in line II in 16 benign cerebral
tumours (BCT, open area) and in 7 malignant cerebral tumours (MCT,
shaded area). Contrary to the relatively marrow range of values in the
normal brain shown in line I, the tumours exhibit greater variations.
Moreover, from the distribution curves seen in line II some distinct
tendencies of trace element displacements in cerebral tumours may be
noted: in the benign cerebral tumours (BCT) cobalt is increased 2-times
and selenium 1.5-times the normal values (pco << 0.05, pse << 0.001),
whereas the other elements show only slight deviations from the normals
given in line 1.

Compared with the benign tumours the malignant tumours (MCT,
shaded area) exhibit a decrease of cobalt and iron, but an increase of
rubidium and zinc and questionably of selenium (significance in the
student t-test is given only for zime, p << 0.05). Similar changes of trace
element content were observed in other malignant tumours (Addink,
Frank 1959; Buchwald, Hudson 1944; Kishi, Nakahara 1937; Pfeilsticker
1965; Schicha et al. 1969; 1970). These deviations of trace element con-
tent are likely related to metabolic changes in malignant tissue: the iron
decrease indicates a diminution of respiratory enzymes, whereas the
elevated rubidium- and zinc-values point to an enhanced metabolic acti-
vity and an increase of the nucleic acid content (Butenandt, Dannenberg
1956; Schicha et al. 1969; Schroder 1965).

The concentration of the non-essential elements showed similarly to
normal tissue, also in the tumours extremely high individual differences.
The silver content of the malignant tumours seemed to be rather dimi-
nished.

A detailed correlation of trace element contents with the histological
findings was not made, as the number of cases in still too small at
present.

Among the tumours examined 4 were partly necrotic: Fig. 5 shows
the trace element content in the tumour necroses (shaded columns),
compared with the contents in the corresponding solid tumour portions,
which are normalized to 1 (open columns). Especially the essential trace
elements are diminished on the average in the necrotic tissue, probably
as a consequence of the loss of metabolic functions.

In Fig. 6 the data of a calcified oligodendroglioma (grade I) are pre-
sented. The element content of the solid tumour portion is normalized
to 1 (open columns). The corresponding calcified tumour portion (shaded
columns) shows greatly decreased caesium content, whereas zinc is in-
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creased 3.3-times and antinomy 13-times the respective value of the solid
portion of the tumour. The reasons for these phenomena are not clear.

In conclusion it can be stated, that trace element displacements in
cerebral tumours occur predominantly in malignant ones and here again
especially with respect to essential trace elements. The changes are
mostly discrete and probably are a secondary effect of disturbed meta-

bolism.

Co! FelelSelanAg Cr/Cs/SbiSc

Fig. 5. Relative trace element content in tumour necroses (n=4); open columns —
respective solid tumour portion, content normalized to 1; shaded columns — ne-
crosis, = standard error.
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Fig. 6. Trace element content of a calcified oligodendroglioma; open columns —
solid tumour portion, normalized to 1 shaded columns — calcified tumour portion.
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H. Schicha, W. Miiller, K. Kasperek, R. Schroder
WYSTEPOWANIE PIERWIASTKOW SLADOWYCH W GUZACH MOZGU

Streszczemie
Zawartosé pierwiastkéw $ladowych w guzach mézgu i w prawidlowej tkance
moézgu byla badana przy pomocy analizy aktywacji neutronéw. Wykazano, ze za-
warto§é badanych pierwiastkéw §ladowych (Ag, Co, Cr, Fe, Rb, Sc i Zn) w tkance
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mézgu in vivo jest zgodna z zawarto§cia w mézgu z materialu autopsyjnego. Mate-
riat stanowily wycinki 62 guzéw otrzymanych podczas operacji.

Podstawowe pierwiastki §ladowe wykazywaly wzglednie miski poziom warto$ci,
podczas gdy pierwiastki nie-podstawowe czeSciowo wykazywaly znaczne réznice
zawartosci.

Ogolnie, zawarto§é pierwiastkéw $ladowych w niezloSliwych guzach mézgu cha-
rakteryzowala sie znacznymi odchyleniami od warto$ci prawidtowych, podczas gdy
w guzach zlo§liwych zawarto§é zelaza byla obnizona, a zawarto§é rubidu i cynku
podwyzszona.

W przypadku jednego skapodrzewiaka napromienianego przed operacja stezenie
pierwiastkéw $ladowych bylo szczegblnie wysokie. Inny, zwapnialy skapodrzewiak
wykazywal znaczne podwyzszenie zawarto$ci cynku. W martwicach w guzach za-
wartos§é elementéw $Sladowych byla obnizona.

Przedstawione odchylenia w zawartosci elementéw $ladowych sga niewatpliwie
zwigzane z r6znicami metabolicznymi i strukturalnymi tkanki nowotworowej.

T. IIInxa, B. Mionnep, K. Kacnepek, P. IIpexnep

HAJVYUE CJHEIOBBEIX 3JEMEHTOB B OIIYXOJAX MOSITA
Peszwome

CoznepikaHne CHIENOBbIX 9JEMEHTOB B OINYXOJAX MO3ra M B HOPMAaJbHOM TKaHM
MO3ra MCCJeJOBAJOCh IPpM IIOMOLIM aHajimu3a axkTUBalMM HeyTpPoHOB. O6GHapyzKeHO,
UTO copepIKaHMe MCCIeN0BaHHBLIX cjejoBbIX synemMeHToB (Ag, Co, Cr, Fe, Rb, Sc, Zn)
E MO3TOBOM TKaHM in vivo corjacyerca ¢ COAEpPXKaHMEeM 9TUX 9JIEMEeHTOB B MO3TY
U3 aBTONCMOHHOTO Marepuasa. Marepmasa COCTaBJANM cpe3bl 62 omyxoJieit, Toay-
YEeHHBIX BO BpeMs Omeparuun.

OCHOBHBIE CJIeZOBbI€ 9JIEMEHTHI OOHAPYIKMUBAJM OTHOCUTEJIBHO HM3KMIT YPOBEHb,
TOTla KOTJla HEe-OCHOBHBbIE 3JIEMEHThI OOHAPYXKMBAJAM 3HAUUTENbHbIE pPa3HUIbl B
coziepxR aHu.

Boobmewm, copep:kaHme CJIEHOBBIX SJIEMEHTOB B HE-3JI0OKAYEeCTBEHHBIX OITYyXO0JIAX
MO3ra XapakTepyu30BaJoCh 3HAYUTEJbHBIMM OTKJOHEHMAMM OT HOPMA&JbHBIX BeJn-
YMH, B TO Bpems KOrja B 3JI0KAQYEeCTBEHHBLIX OIIYXOJIAX CcojAepmKaHue xxeje3a ObLIo
CHMZKEHO, a CoAepIXaHue PyOMAMA M UMHKA -— TIOBBLILIEHO.

B cayuyae 0aHOM ONMUTOAEHAPOIIMOMBI, OOJYYEHHO! Iepej orepanmeii KOHIeH-
TpauuA CJIeA0BBIX 3JIeMEHTOB ObLT1a 0COGEHHO BBICOKA. Bropas, KaabIMUIIMPOBaH-
Hasg OJMUIOAEHAPOraMoMa OOHaApyXKuBajla 3HAUYUTENLHOE IIOBBLIUIEHUE COJEePIKaHUI
LMHKa. B HeEKpo3ax omyxoJeil comepiKaHMe CJIEeAOBLIX 9JIEeMEHTOB ObIIO CHUIKEHO.

IlepeuncienHble OTKJOHEHMA B COJAEPIKAHMM CJAEAOBBIX 9SJEMEHTOB YacTU4HO
OTYETJNMBO BBI3BAHBI MeTabONMMYECKMMM 1 CTPYKTYPHBIMM DPas3HUIIaAMM.
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OF THE PHOSPHOTRIOSE-PHOSPHOGLYCERATE GROUP
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In normal cells and organs the enzyme activity is regulated according
to the requirements of metabolism. In this way patterns of enzymes are
formed which under normal conditions of metabolism are typical for
the organ and the species. Owing to biological variation these patterns
are not strictly constant but move between certain boundaries.

In tumours, on the contrary, even in those of the same type, there
exists a multiplicity of enzyme patterns. Potter and Watanabe (1968)
found that of 41 hepatomas with partially the same morphology there
were not two with the same enzyme pattern.

In an earlier investigation we have found similar facts to be true of
human brain tumours as well (Fischer 1967).

Fig. 1 demonstrates how great the differences can be in the proportion
of the activity of two enzymes of the same metabolic pathway by the
example of 11 human brain tumours. The activity of two glycolytic
enzymes, lactate dehydrogenase and phosphoglucoisomerase, is repre-
sented there. When plotted on a logarithmic scale, equal proportions
of enzyme activity show equal distances in the graph, independent of
their absolute amounts. A distance, according to the proportion 1 :35,
is shown for comparison. Lactate dehydrogenase is represented by full
circles, phosphoglucoisomerase by squares. The figure shows no con-
stant proportion to exist between the two enzyme activities. Extremely
low amounts of phosphoglucoisomerase are corresponding partly to high
activities of lactate dehydrogenase and vice versa. The proportion be-
tween lactate dehydrogenase and phosphoglucoisomerase reaches from
1:13 in the meningioma number 120 to 48 : 1 in the glioblastoma number
129; these two proportions are different by a factor of about 620.
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The cause of these great differences is a defect in the control and
regulating mechanisms leading to an incongruity between the real requi-
rements of the cells and their enzyme synthesis.

Pette and collaborators (1962) have found the proportions of a group
of glycolytic enzymes in various materials, from yeast to rat organs
to be characterised by a quite extraordinary stability. These enzymes,
triosephosphate isomerase, glyceraldehydephosphate dehydrogenase, gly-
ceratephosphate kinase, glyceratephosphate mutase and enolase are
located in a segment of the glycolytic chain from which no essential

LDH and PG/ in human brain tumors
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Fig. 1. Activity of LDH and PGI in 11 human brain tumours. 1 unit = 1 pmole/g
dry weight/min. Gliobl. = gliblastoma; Epend. = ependymoma; Mening. = me-

ningioma; Hyp. ad. = pituitary adenoma. Logarithmic scale. Equal proportions
of enzyme activity show equal distances on this scale. Note the absence of a con-
stant proportion between the two enzyme activities.

by-paths are branching off. Therefore no special regulation of the indi-
vidual enzymes is necessary. Although the absolute amounts of their
activity fluctuate within rather wide limits their proportions are nearly
constant. This constancy is to be understood in a biological sense, as
there are maximal deviations by a factor of about three.

No systematic investigations on the proportion constancy of these
enzymes were made in tumours so far. With regard to the defects of
the systems regulating and coordinating the enzyme synthesis, generally
established in tumours, it seemed to be of interest here to examine this
proportion constancy.

The investigations were made on 17 human brain tumours, composed
of 2 glioblastomas, 4 astrocytomas, 1 spongioblastoma, 1 ependymoma,
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1 neurofibroma, 7 meningiomas and 1 pituitary adenoma. Moreover
10 tumours of the brain and of the nerve roots were used which were
induced in rats by means of methylnitrosourea and ethylnitrosourea.
All of them were sarcoma-like. Seven cell cultures of such experimental
tumours, partly after cloning, were investigated too. Brains of six normal
Hauben rats were used for comparison. The activity of the enzymes: trio-
sephosphate isomerase, glyceratephosphate kinase, glyceratephosphate
mutase and enolase was determined by means of standardized optical
tests in the supernatants of homogenates centrifuged at 20 000 g (Biicher
et al. 1964).

Normal rat brain
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Fig. 2. Enzyme activity in normal rat brain. EN = enolase; GPM = glyceratepho-
sphate mutase; GPK = glyceratephosphate kinase; TIM = triosephosphate iso-
merase; 1 unit = 1 umole/g protein/min. Logarithmic scale.

Fig. 2 shows the results obtained with the brains of the normal rats
on a logarithmic scale. All six animals display only little variation in the
amount of the activity of the 4 enzymes and therefore in their propor-
tions too. This variation is caused biologically as well as by analytical
errors and it represents the conditions found in a normal organ.

Fig. 3 shows the activities found in 17 human brain tumours. The
amount of activity of each enzyme varies in these tumours within a range
of about 1:10. The proportions of the 4 enzymes however are fairly
constant, as may be seen from the nearly equal distances in the logarith-
mic scale of the graph. The variations of the proportions are not sub-
stantially greater than those of the brains of normal rats.

Fig. 4 shows the activity of the 4 enzymes in 10 tumours of the brain
and of the merve roots of rats induced by means of methylnitrosourea
and ethylnitrosourea. Here again the proportion constancy is maintained
to an extent similar to that found in the mormal rat brain.
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Fig. 5 shows the enzyme activities in cell cultures of experimental
tumours of the brain and of the nerve roots. Here the activity of glyce-
ratephosphate mutase was not determined in some cases. A nearly com-
plete constancy of the proportions exists, independent of the differing
absolute amounts of enzyme activities.

Human brain tumours
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Fig. 3. Enzyme activity in human brain tumours. Enzymes and unit as in Fig. 2.

Gliobl. = glioblastoma; Astroc. = astrocytoma; Spong. = spongioblastoma; Epend =

ependymoma; Neurof. = neurofibroma; Mening. = meningioma; Hyp. ad. = pitui-
tary adenoma.

Consequently, it is established that there is no substantial impairment
of the proportion constancy of these enzymes in all the investigated
tumours without any exception. This result is very striking with regard
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Experimental tumours
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Flig. 4. Enzyme activity in tumours of the brain and of the nerve roots of rats
induced by means of methylnitrosourea and ethylnitrosourea. Enzymes and unit
as in Fig. 2.
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Fig. 5. Enzyme activity in cell cultures of experimental tumours of the brain and
of the nerve roots of rats. Enzymes and unit as in Fig. 2.
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to the well known disturbances in the systems controlling and regulating
enzyme activity generally seen in tumours. To our knowledge this co-
ordinated control of the activity of several enzymes is the first case of
a control mechanism maintained without any exception in an extensive
series of tumours.

The molecular mechanism causing this proportion constancy is un-
known up to now. Pette et al. (1962) originally supposed a co-ordinate
regulation according to the operon hypothesis of Jacob and Monod (1961).
Then, in their opinion, the 5 enzymes had to be present in equimolecular
ratios. Yet Pette (1970) found this not to be the case and therefore he
rejected this idea. But one cannot agree with this conclusion, for
the concentration of an enzyme in the cell is not only dependent on the
rate of synthesis but on the rate of degradation too.

So far there exists no reliable proof for the occurrence of operons or
similar functional umits outside of microorganisms. Hitherto existing
results are contradictory. However, we regard the maintenance of the
proportion constancy of these glycolytic enzymes during evolution and
finally in highly malignant tumours as a strong support of the validity
of the operon hypothesis in higher organisms, or at least of a similar
regulation mechanism.

W. Fischer

STALOSC STOSUNKU ENZYMOW GRUPY FOSFOTRIOZY — FOSFOGLICERANU
W GUZACH MOZGU

Streszczenie

Aktywnos§é 4 enzyméw glikolitycznych: izomerazy fosfotriozy, kinazy fosfoglice-
rolowej, mutazy fosfoglicerolowej oraz enolazy wystepuje w stalych proporcjach
we wszystkich badanych organizmach od drozdzy, az po saski. Wiadomo réwniez, Ze
w guzach mechanizmy kontrolujgce i regulujgce aktywno§ci enzymatyczne sa
w réznym stopniu zakl6écone. W zwigzku z tym nalezalo przebadaé, czy jest zacho-
wana stalo§é proporcji enzyméw tej grupy w ludzkich oraz do$wiadczalnych gu-
zach moézgu. Stalo$é te stwierdzono we wszystkich przebadanych przypadkach. Zna-
czenie tego wyniku zostalo przedyskutowane z punktu widzenia biologii mole-
kularnej.

B. ®umep

ITOCTOAHCTBO COOTHOILIEHUS DH3VMMOB T'PUIIIIBI ®OCPOTPUOIBI-
-POCPOTJINIEPATA B OIIYVXOJAX MOITA

Pezwowme

AKTUBHOCTL 4 TJMKOJMTMYECKMX 9H3UMMOB: M30Mepasbr ocdorpuossl, docdo-
rIMLIepanbHOi KMHAa3bl, (hocdormuepatbHoil MyTa3bl M 9HOJa3bl HAXOAMUTCA B IIO-
CTOSHHBIX IIPOTNOPLMAX BO BCEX MCCJIENOBAHHBIX OPTaHU3Max OT JIPOXKIKel BIJIOTL
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K MJEKONUTAIIMM. VI3BECTHO TaKzKe, YTO B ONYyXOJAX KOHTPOJbHBIE WM PErymm«
[MOHHBIE 9H3UMATHMYECKME MeXaHM3Mbl AKTUMBHOCTM B PAa3HOM CTEeleHM HaPYLIEeHBI.
B CBA3M C 9TMM CJEAOBaJO MCCIEHOBATH COXPAHAETCHA JIM IIOCTOSHCTBO ITPOINOPLIAM
9H3MMOB 9TOM TPYMIbI B YEJOBEYECKMX ¥ SKCIEPUMEHTANbHLIX OIYXOJAX MO3Td.
BT0 TNOCTOAHCTBO HAXOAMJIM BO BCEX MCCIEAOBAHHBIX CHydYadAX. 3HA4YeHue ITOro
pe3ynbrara OOCYIKJaeTcsa € TOYKM 3PEeHMA MOJEKYJIAPHON OMOIormnu.
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LOCALIZATION OF VARIOUS ISOENZYMES IN DIFFERENT CELL
FRACTIONS OF BRAIN TUMOURS

Institute of Neurosurgery, Biochemical Laboratory, Budapest, Hungary
o

The detections of various isoenzymes in the pathologically altered
brain tissue, cysts, cerebro-spinal fluid and sera of patients with brain
tumour have been described by several authors as an important sign of
early pathological changes (Gerhardt et al. 1963, Wollemann et al. 1965,
Loewenthal et al. 1964, Szliwowski et al. 1961, Sano et al. 1966, Sherwin
et al. 1968). The isoenzymes of lactic dehydrogenase (LDH) were most
frequently investigated, but aldolase, esterases, phosphatases and malic
dehydrogenase isoenzymes were also examined in a few cases (Sugimura
et al. 1970, Gerhardt et al. 1963, Wollemann et al. 1965, 1967, 1970,
Fischer et al. 1970, Loewenthal et al. 1961).

The alterations in the isoenzyme pattern generally took the form
of a diminution of the H (heart) or B (brain) type isoenzymes and of an
increase in the M (muscle) type isoenzymes of LDH and aldolase in the
malignant brain tumours. Two different concepts exist in the literature
on the origin of these changes. According to Goldmann et al. (1964),
changes in the glycolytic metabolism from the aerobic to the anaerobic
form caused these alterations in the isoenzyme pattern. However, Scha-
pira et al. (1968) pointed to the similarity of embryonic isoenzyme
patterns in cases of hepatomas, where the normally present M type iso-
enzymes in the liver changed to H type ones which were present also
only in the embryonic liver. Both conceptions can be traced back to
the original theory of Warburg (1930) based on the high anaerobic glyco-
lysis of tumours, which is similar to that of the embryonic tissue.

In order to test the validity of these concepts we investigated the
distribution of several isoenzymes of glycolytic (LDH, aldolase, creatine-
phosphokinase — CrPK) and oxidative (malic dehydrogenase — MDH, mo-
noaminooxidase — MAO, and glutamic dehydrogenase — GDH) pathways.
The distribution within the different cell fractions of some enzymes was
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also investigated. As marker enzymes for cell cytoplasm LDH and glu-
cose-6-phosphate dehydrogenase (G-6-PDH) and for mitochondria, succi-
nic dehydrogenase (SDH) activities were measured.

MATERIAL AND METHODS

Sixty eight brain tumours (22 astrocytomas, 16 glioblastomas, 13 me-
ningiomas, 5 medullobastomas, 4 ependymomas, 3 oligodendrogliomas,
2 spongioblastomas, 2 mixed gliomas and 1 neurinoma) and 8 control
brain samples (3 temporal lobes, one removed for epilepsy, two for
aneurysm treatment and 5 apparently normal tissue samples surround-
ing brain tumours) were obtained from surgical interventions. Samples
were immediately cooled at 0°C, homogenized in 4.5 vol. 0.25 M sucrose
and cellular fractionation was performed according to Brody and Bain
(1952). In some cases heavy and light mitochondrial fractions were
separated on a ficoll gradient, according to the method of Stahl et al.
(1963).

Quantitative LDH activity measurement were performed after Kubo-
witz and Ott (1943). SDH activity was measured according to the method
of Slater (1963) and G-6-PDH activity according to that of Kornberg
and Horecker (1955). The cell fractions and fluids were submitted to
disc gel electrophoresis. Two-tenth of ml was applied in 20% sucrose
or Sephadex G and run at 5°C for one hour in parallels, and one of each
samples was stained for protein according to the method of Davis (1964).
In order to solubilize the enzymes of the mitochondrial fractions, they
were treated with Triton-X in 1% end concentration.

The various isoenzymes were stained according to the following
methods: LDH (Dewey, Conklin 1960), aldolase (Penhoet et al. 1966),
creatine-phosphokinase (Deul et al. 1964, Rosalki 1966), MDH (Thorne
et al. 1963), GDH (Van der Helm 1962), MAO (Glenner et al. 1957), este-
rase (Nachlas et al. 1949). Quantitative evaluation of the isoenzymes
were made on a Joyce Chromoscan.

RESULTS

Within the glioma group the LDH isoenzyme pattern changed parallely
to the degree of malignancy in all cell fractions, in the direction from
the dominant towards the M LDH isoenzymes. The most obvious changes
appeared in the supernatant fractions (Figs. 1 and 2). Meningiomas re-
vealed also similar patterns to those of the malignant tumours, owing
to the mesenchymal origin of their cell type (Table 1).
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Table 1. Distribution of lactic dehydrogenase in various areas of normal human brain
and in human brain tumours

Brain area or type of tumour Band  number
|
|
I+ 1 2 3 0 + 5 -
Corpus striatum 32.3 48.6 188 — —- -
Cerebellar cortex 84.2 1:1 7.2 — L
Cortical gray matter l 78.2 1B 9.2/ —
Subcortical white matter 50.7 30.0 193 — —
Glioblastoma
No. 174 ‘ 18 29 30 23 —
No. 48 i 22 45 23 9 —
|
No. 195 14 23 34 29 —
No. 411 ‘ 1 17 37 21 13
|
Oligodendroglioma ;
No. 257 | 60 23 17 — —
No. 350 ! 40 39 21 = =
Astrocytoma ;
No. 160 20 24 35 21 —
No. 126 35 31 34 — —

Meningioma (end.)

No. 193 2 5 20 34 40
No. 432 17 14 41 28 —-
No. 440 11 20 31 25 12
No. 197 14 26 36 24 —-

No. 348 i ) 17 30 46 —

Meningioma (fibr.)

No. 166 10 18 42 30 —-

Metastatic carcinoma

No. 164 26 34 40 8 Al
No. 167 S SR 53 Ead

No. 90 ' 15 36 28 21 —

Neuroblastoma

No. 132 20 32 25 23 —

Figures represent percentage contribution of each band to the total activity. ;

Neuropatologia Polska — 2 8

http://rcin.org.pl



210 E. R6na et al. Nr 2

The quantitative LDH activity measurements revealed elevated values
mainly in the nuclear and mitochondrial fractions as compared with
apparently normal brain samples. The origin of this changed compart-
mentation is discussed elsewhere (Nagy et al. 1971). LDH pattern similar
to that of malignant brain tumours is detectable also in embryonic brain
tissue (Bonavita et al. 1962, Gerhardt et al. 1963, Wollemann et al. 1971),
and in experimentally induced brain tumours (Katona et al. 1967). Tu-
mour surrounding tissue, cysts, and sometimes CSF also showed chan-
ges in the LDH pattern, which were parallel to the LDH pattern in the
tumours (Figs. 1, 2, 3, 4).

3
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N
L
~
™o

Fig. 1. LDH isoenzymes from: tumour surrounding tissue (a) and tumour (b), astro-
cytoma No. 33. Nuclear (1), mitochondrial (2) and supernatant cell fractions (3).
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Fig. 2. LDH isoenzymes frem: cell fractions of spongioblastoma surrounding his_sue
(a), spongioblastoma No. 105 (b) and glioblastoma No. 175 (c). Nuclear (1), mito-
chondrial (2) and supernatant (3) cell fractions. H — heart, M — muscle type.

Principally the same changes were obvious in the aldolase isoenzyme
pattern. The brain type was altered in malignant gliomas and embryonic
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Fig. 3. LDH isoenzymes from: CSF (a) and cyst (b) of glioblastoma multiforme

No. 114, tumour (c¢) and CSF (d) from medulloblastoma No. 279, cystic fluid from
mixed glioma No. 319 (e) and from oligodendroglioma No. 265 (f).
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Fig. 4. LDH isoenzymes from: CSF (a), cystic fluid (b, ¢) and serum (d) from cra-
niopharyngeoma No. 23 demonstrated by starch gel (1) and disc gel (2) electro-
phoresis.

Fig. 5. Aldolase isoenzymes crystallized from rabbit muscle (a), from glioblastoma
multiforme No. 288 (b), mixed glioma No. 319 (c) and glioblastoma multiforme
No. 258 (d). A — muscle type, B — liver type, C — brain type.
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brain tissue toward the muscle type, similarly to the LDH isoenzyme
pattern (Fig. 5, Table 2).

In contrast to the LDH and aldolase isoenzyme pattern, the CrPK iso-
enzymes were not changed in the embryonic brain according to our
own observations (Wollemann et al. 1971) and those of Eppenberger et al.

Table 2. Distribution of aldolase isoenzymes in embryonic human brain and brain
tumours in 9 a total activity

v o | 11 III1 AV N

Embryonic brain No. 290, 35 37 28 —

28 weeks old: cortex
hypothalamus 32 47 21 —
mesencephalon 30 40 30 —

Embryonic brain No. 292,

20 weeks old: cortex 21 35 29 15
hypothalamus 15 34 31 20
mesencephalon 19 30 28 23

subcortical white matter 12 34 31 23

glioblastoma multiforme
No. 288 9 31 34 26

(1970) (Figs. 6, 7). However, in malignant brain tumours the pattern
of CrPK isoenzymes in the supernatant of the cellular fractions changed
towards the muscle type pattern (Figs. 6, 7).

Among the particulate bound enzymes, mitochondrial MDH, MAO and
GDH activity generally decreased and a relative activity increase of
isoenzymes in the supernatant cell fractions of the tumours was observed
(Figs. 8, 9, 10, 11). These changes seemed to be in parallel with the
damage of mitochondria and were absent in the mitochondria from the
tissue surrounding tumours (Figs. 12, 13).

SDH activity was generally diminished in the mitochondrial fraction
of brain tumours and G-6-PDH increased in the supernatant of cell
fractions (Tables 3, 4).

These changes were present also to same extent in the embryonic
brain tissues where the respiratory activity is diminished in comparison
to the glycolytic activity (Wollemann et al. 1971).

Among lysosome - bound enzymes esterase and cholinesterase activities
did not parallely develop in brain tumours and embryonic brain tissue.
Although acetylcholinesterase activity is diminished in both types of
tissue (Wollemann et al. 1961), butyrylcholinesterase activity is increased
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Fig. 6 Fig. 7

Fig. 6. Creatinephosphoferase isoenzymes demonstrated according to Deul et al

{1964) from: normal human cortical gray matter supernatant (a), embryonic human

cortical gray matter 28 weeks old (b), astrocytoma No. 318-cyst (¢) and tumour (d),
glioblastoma multiforme No. 288 (e). B — brain type, M — muscle type.

Fig. 7. Creatinephosphoferase isoenzymes demonstrated according to Rosalki (1966)

from normal human cortical gray matter supernatant (a), embryonic human cortical

gray matter 28 weeks old (b), astrocytoma No. 318 cyst (c) and tumour (d), glio-
blastoma multiforme No. 288 (e). B — brain type, M — muscle type.
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Fig. 8. Malate dehydrogenase isoenzymes
from normal human (a) and rat brain (b).
Mitochondria (m) and supernatant (s); cell
fractionation was performed according to
the method of Brody et al. (1952). Mito-
chondrial enzymes were solublized with m S m S
Triton-X. MDH activity was stained
according to Thorme et al. (1963). a b
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Fig. 9. MDH isoenzymes from nuclear (1) mitochondrial (2) supernatant (3) cell

fractions and CSF (4) from a case of astrocytoma No. 282 (a); mitochondrial (2) and

supernatant (3) cell fractions from medulloblastoma No. 316 (b); tumour surrounding
tissue (c) and tumour (d) of glioblastoma multiforme No 258.

h

Fig. 100 MAO isoenzymes stained by the method of Glenner et al. (1957) using

serotonin as substrate from rat brain (a), cat brain (b), glioblastoma multiforme

No. 258 tumour (¢) and tumour surrounding tissue (d); mitochondrial (1) and super-
natant (2) cell fractions.
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only in brain tumours. High aromatic esterase activities are present in
ten isoenzymes in the embryonic brain (Wollemann et al. 1971). In brain
tumours only lysosome bound esterase activity is increased as revealed
from histochemical investigations. Isoenzymes in the prealbumin, albumin
and alpha globulin fractions are diminished. in glioblastomas and meta-
static carcinomas and present in oligodendrogliomas, astrocytomas and
meningiomas (Wollemann et al. 1965).

ey

s oattsninr s

o b o »

Fig. 11. Multiple forms of GDH from crystalline beef liver enzyme (a) mitochondria

of mesencephalon bf human embryonic brain (28 weeks old) (b) rat liver mito-

chondria (c), rat brain mitochondria (d), glioblastoma multiforme No. 288 mito-
chondria (e). Activity stained according to the method of van der Helm (1962).

DISCUSSION

Our investigations concerning the localization of various isoenzymes
in the different cell fractions of brain tumours and normal adult and
embryonic brain tissue resulted in the astonishing fact, that brain
tumours differ in several aspects not only from normal adult but also
from the embryonic brain. Thus tumour tissue induces the synthesis
of those isoenzymes, which are best adapted for the metabolism of tumour
cells. Latner et al. (1965) stated that the infection of tissue cultures with
the oncogenic adenovirus 12 causes cell cultures to develop the malignant
type of LDH isoenzyme pattern long before control uninfected cultures.
Our results (Wollemann et al. 1971a) from tissue culture of brain tumours
showed also that the most malignant tumours revealed rapid change
toward the more malignant LDH pattern during the relatively short term
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Table 3. SDH activity of mitochondrial fractions of brain tumours (a) and tumour
surrounding tissues (b)

] AOD/mg prot.

a | b
Astrocytoma No. 33 1,57 i 1,97
Astroecytoma No. 87 | 1,02 [ —
Astrocytoma ‘ No. 25 3 1,02 ‘ 1,08
Astrocytoma No. 106 | 0.81 { —
Oligodendroglioma No. 78 \ 0.73 ‘ —
Oligodendroglioma ‘ No. 123 ; :
| | |
Glioblastoma | No. 79 - 0.81
Glioblastoma | No. 258 0.4 ‘ 0.9
Ependymoma No. 84 | 0.85
Ependymoma | No. 145 i 0.29
] |
| | |
Spongioblastoma J‘ No. 105 1.09 1.24
Spongioblastoma No. 38 1.01 ! 0.64
Plexus papilloma : No. 127 J 0.75 [ 0.39
Plexus papilloma No. 249 0.62 ‘
' \’
Meningioma 1 i 0.56 ‘
: i
: |
Lobus temporalis [ No. 104 | 0.9 |
Lobus temporalis { No. 211 ! 0.65 J

SDH activity was measured according to Slater et al. (1963).

cell cultivation (13 — 15 days) as compared with the original LDH iso-
enzyme pattern of the tumours.

These results strengthened our view on the possibility of the oncogenic
virus origin of the brain tumours, which was furthered also by the
appearance of the M type CrPK isoenzymes in the brain tumours and
their absence in embryonic brain tissue. The diminution of mitochondrial
enzyme activities and the increase of the soluble form of these enzymes
might indicate also a compensatory function in response to mitochondrial
damages.

In conclusion the importance of isoenzyme investigations in brain
tumours is emphasized also in those cases where quantitative activity
measurements did not show any alterations, because diminution in H
or B type isoenzymes and increase in M type may result in unchanged
total activity.
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Fig. 12. Electronmicrograph from tumour surrounding mitochondrial fraction of
glioblastoma multiforme No. 258. X 18 000.

Fig. 13. Electronmicrograph from tumour mitochondrial fraction of glioblastoma
multiforme No. 258. X 18 000.
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Table 4. Glucose — 6 phosphate dehydrogenase activity from supernatant of brain
tumours (a) and brain tumour surrounding tissues (b)

AOD/mg prot.

. a b
Astrocytoma No. 106 0.41
Astrocytoma No. 87 0.2
Oligodendroglioma No. 123 0.54
Sponglioblastoma i No. 38 [ 0.2 0.1
Spongioblastoma No. 105 0.70 0.46
Ependymoma ‘ No. 84 [ 0.59
Ependymoma No. 195 ‘ 0.61

\

Meningioma end. | No. 144 ‘ 0.78
Plexus papilloma ‘ No. 127 ; 0.40 0.22
Lobus temporalis ‘ No. 104 ‘ 0.28
Lobus temporalis | No. 47 ' 0.2
Lobus temporalis No. 211 ! 0.11

Glucose-6-phosphate dehydrogenase activity was measured according to Kornberg
et al. (1953).

E. Réna, A. Nagy, M. Wollemann, F. Slowik

LOKALIZACJA ROZNYCH IZOENZYMOW W POSZCZEGOLNYCH FRAKCJACH
KOMORKOWYCH GUZOW MOZGU

Streszczenie

Enzymy i izoenzymy cyklu glikolitycznego (dehydrogenaza mleczanowa i aldo-
laza), oksydacyjne (dehydrogenaza jablczanowa, glukozo-6-fosforanu, bursztynia-
nowa i glutaminianowa), esteraza i monoaminoksydaza byly badane w 68 guzach.
Stwierdzono obnizenie aktywmno$ci enzyméw mitochondrialnych i kompensacje en-
zymo6w rozpuszczalnych.

Pojawienie sie typu M izoenzyméw CrPK w guzach moézgu i ich brak w embrio-
nalnej tkance moézgu nasuwa przypuszczenie, ze guzy moézgu powstajg na skutek
dzialania wiruséw rakotwoérczych.
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E. Pona, A. Haru, M. Boanemans, ®. CioBuK

JOKAJIM3AILIUSA PA3HBIX M303H3MMOB B PA3HBIX KJETOYHBIX
PPAKIUAX OIIYXOJEN MO3TA /

Pe3omMme

OH3MMBI ¥ W309H3MMBI TIIMKOJMTHMYECKOr0 LMKJA (JaKTaTAerngporeHasa M ajgo-
JNa3a), ORJCIMUTENbHBIE {(MajaTaermaporeHasa, INII0OK030-6-docdaTaermaporeHasas,
CYKIMHATAEIMAPOreHasa M TJII0TaMaTAerMApOreHasa), acTepa3a ¥ MOHOAMMHOOKCH-
nasa uccaenoBammnch B 68 onyxonax. OOHapysKeHO CHUIKEHME AaKTMBHOCTM MUTO-
XOHAPUAJIBHBIX 9SH3MMOE ¥ KOMIIEHCALMIO DPaCTBOPMMBIX SH3MMOB.

IToaBnenuda tuna M nz3osH3mMOB CrPK B omyxonAxX Mmo3ra M MX OTCYTCTBME B
oMOPMOHAJBHOM TKaHM MO3ra II03BOJIAET [10JIaraTh, YTO OIYXOJM MO3ra BO3HMKAIOT
BCJEJCTBME MAeCTBUA KaHLEPOTeHHBLIX BUPYCOB.
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Transplanted experimental brain tumours originally induced by che-
mical carcinogens have often been used for histo- and biochemical inve-
stigations (Ogawa, Zimmerman 1959, Saiko 1963, Lehrer et al. 1966,
Maker et al. 1966). The results obtained from such tumourgrafts after
being transplanted in many generations of animals were believed to be
characteristic for experimental brain tumours in general. It has not been
taken sufficiently into consideration, that the tumourgrafts might have
changed their metabolism in the course of the transplantations. Our in-
vestigations were carried out to study possible changes in the enzyme
patterns of an intracerebral and a nerve tumour of the rat.

MATERIAL AND METHODS

Both tumours were induced by N-methyl-N-nitrosourea. The induc-
tion of the original brain tumour in a rat of the inbred strain E was
described previously (Warzok et al. 1971). The nerve tumour was obtain-
ed in a Wistar rat after 18 intravenous injections of the carcinogen
(Glithert et al. 1968, test series VI).

Parts of the tumours were cut small enough, in order to insert the
fragments by a trocar into the brain of the rats of the inbred strain E,
about 4 weeks old. In this way the grafts of the brain and the merve
tumour were subsequently transplanted up to the 215t and the 18"
generation, respectively. The primary tumours as well as the tumour-
grafts were examined histologically and histochemically. The following
enzymatic activities were studied: 1) alkaline phosphatase, 2) acid phos-
phatase, 3) non-specific esterase, 4) p-D-glucosidase, 5) p-D-galactosidase,
6) 5’-nucleotidase, 7) NADH,-tetrazolium reductase, 8) succinate dehydro-
genase, and 9) lactate dehydrogenase. For enzyme histochemical methods
used see Osske et al. (1971).
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RESULTS
Biological observations

Following transplantation of the brain tumour, the survival of the
rats decreased from 40 days after the first transplantation to 10 or
12 days after the 10t" generation. In the case of the nerve tumour the
interwals shortened from 3 to 4 months after the first transplantation
to about 3 weeks after the 10'" one.

Histological observations

The primary brain tumour, diagnosed as a sarcoma, and its trans-
plants are composed of small densely packed cells with irregular nuclei
slightly differing in shape and size. A typical behaviour of the neoplasm
and especially of its transplants is the spreading of the tumour cells
along the blood vessels and from the lumen of the vetricles into the
adjacent brain tissue. The histological feature does not change in the
course of 21 generations of grafting.

The nerve tumour examined was a neurosarcoma of the sciatic nerve
of rat. The original tumour consisted mainly of long cells regularly
arranged. In the third generation of the tumourgrafts we observed some
areas containing polymorphous cells. In the following isografts, the poly-
morphous character prevailed and polynuclear giant cells and frequent
mitotic figures occurred.

Histoenzymatic observations

a) Brain tumour: Alkaline phosphatase is, like in other expe-
rimental brain tumours of the rat (Osske et al. 1969, Stavrou 1969, 1970),
a constituent of the blood vessels in the primary tumour as well as in
the tumourgrafts. Beside the vessel walls, the enzyme activity is present
in polymorphs which can be found around the blood vessels and some-
times in areas of necrosis.

In the primary tumour the acid phosphatase activity is diffusely distri-
buted in the cytoplasm; however, the staining reaction is weak. With
continuous grafting the enzyme activity increases and can be observed
in areas at one side of the cell nuclei (Fig. 1). The other parts of the
cytoplasm show only scarce or no activity at all. Cells at the border
of necrotic areas stain also intensively red. On account of their corpus-
cular and diffuse reaction they can be easily distinguished from living
tumour cells.

The changes in the activity and distribution of the non-specific este-
rase within the first tumour generation were more striking than those
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Fig. 1. Rat No. 1498. 20th generation of the brain tumour. High activity of the acid
phosphatase at one side of the nuclei. X 550.

Fig. 2. Rat No 1316. 12th generation of the brain tumour. Non-specific esterase in
ill — defined irregular areas. X' 220.
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Fig. 3. Rat. No. 1562. 3rd generation of the neurosarcoma. Granular activity of the
acid phosphatase in all tumour cells. X 300.

Fig. 4. Rat No 607. Primary nerve tumour. NADH,-tetrazolium reductase in the
cytoplasm of the oblong tumour cells. X 190.
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Fig. 5. Rat No 607. Primary nerve tumour. NADH,-tetrazolium reductase localized
at one side of the nuclei. X 220.

Fig. 6. Rat No 2235. 13th generation of the neurosarcoma. Intense activity of
NADH,-tetrazolium reductase especially in the giant cells. X 190.
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of the acid phosphatase. In the original tumour as well as in the grafts
of the first and the second generation we found only a low activity in
the cytoplasm of a few scattered cells. The following transplants in con-
tradistinction to the first ones are characterized by illdefined irregular
areas of high activity alternating with places of low or lacking activity
(Fig. 2). These contrasts become more pronounced from generation to ge-
neration. Usually the highly active areas are situated in the centre of the
grafts, whereas the peripheric parts of the transplants stain pale or re-
main unstained. The non-specific esterase activity is indicated by a fine
granular reaction products within the cytoplasm. On the other hand, the
perivascularly arranged tumour cells as well as the degenerated areas
show a coarser precipitate.

5’-Nucleotidase occurs in some blcod vessel walls, but the intensity
of the reaction differs from graft to graft. The enzyme activity is also
localized in necrobiotic areas, where some of the cells show especially
high activity. Attempts to demonstrate other hydrolytic enzymes in the
tumours, like glucose-6-phosphatase, p-D-glucosidase and f-D-galacto-
sidase, failed.

The NADH,-tetrazolium reductase, the lackate and the succinate de-
hydrogenase are present in the primary tumour as well as in the tu-
mourgrafts. Their distribution remains unchanged in the course of the
transplantations. But it seems, that the reaction activity of lactate de-
hydrogenase and the NADHz-tetrazolium reductase is moderate and that
of succinate dehydrogenase is very weak. Both enzymes are localized
especially in the perinuclear zone and sometimes the formazane granules
are more concentrated at one side of the nucleus.

Using the gel incubation method for the demonstration of the lactate
dehydrogenase we observed this enzyme by contrast to the NADH,-tetra-
zolium reductase in the whole cytoplasm of all the tumourgrafts.

b) Nerve tumour: The results obtained for alkaline phospha-
tase are similar to those of the examined brain tumour. The enzyme
distribution does not change during the transplantations, but in the later
generations we often found enlarged blood vessels, sometimes with
slightly decreased activity.

In the primary tumour, the granular products of the activity of acid
phosphatase are limited to single cells or small cell groups scattered
between enlarged myeline sheaths undergoing degeneration. In the re-
maining tumour tissue as well as in that of the first and the second
generation only a diffuse and weak reaction is present. After the 8™
generation all cells especially, the polymorphous are filled with an intense
granular reaction product (Fig. 3).

Neuropatologia Polska — 2 S
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The non-specific esterase activity, not detectable in the original neuro-
sarcoma, is very scarce and diffuse in the transplants. An intense gra-
nular esterase and acid phosphatase activity is found only in the peri-
necrotic areas.

As to the other hydrolytic enzymes, such as glucose-6-phosphatase,
5’-nucleotidase, p-D-glucosidase and p-D-galactosidase no changes of their
pattern depending upon the transplantation can be observed. It should
be mentioned only, that both glycosidases are present within the dege-
nerating myeline sheaths of the original neurosarcoma as well as in
regressive areas of the transplants.

The activity of NADH,-tetrazolium reductase and succinate. dehydro-
genase in the sciatic nerve tumour is moderate and weak, respectively.
Activities of both enzymes are distributed in the whole cytoplasm of the
spindle-shaped cells (Fig. 4). In a number of other tumour cells, however,
the enzymes are concentrated at one side of the nucleus (Fig. 5).

In the course of the transplantation, the succinate dehydrogenase acti-
vity decreases. whereas an intense reaction of NADH,-tetrazolium reduc-
tase appears, especially in the giant cells (Fig. 6). Contrary to these
dehydrogenases, the lactate dehydrogenase displays a steady and an
intense activity in the cytoplasm of all tumour cells.

DISCUSSION

The most striking differences between the primary tumours and their
subsequent intracerebral transplants concern the distribution pattern of
acid phosphatase and in the case of the brain tumour of non-specific
esterase too. High activity of acid phosphatase and non-specific esterase
found in human brain tumours (Schiffer et al. 1965, 1968) and in expe-
rimental brain and nerve tumours of the rat (Fabiani et al. 1970) is inter-
preted by these authors as a sign of regressive changes of the tumour
cells. The decreasing survival of the rats in the course of our transplan-
tation experiments, however, points to an undiminished vitality of the
tumour cells. The enzyme histochemical alterations observed during the
transplantations probably indicate a dedifferentiation of the tumour cells
and their adaptation to the surrounding brain tissue.

In the original nerve tumour two morphological and histochemical
different kinds of tumour cells occured (Figs. 4 and 5).

Regarding both these results and the polymorphous character of the
transplanted neurosarcoma (Fig. 6) a dedifferentiation of the two cell
types is possible, on the other hand a selection and an overgrowth of
one type cannot be ruled out.
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G. Osske, R. Warzok, W. Jéanisch

BADANIA HISTOENZYMATYCZNE WIELOKROTNIE PRZESZCZEPIANYCH
GUZOW MOZGU I NERWU U SZCZURA

Streszczenie

Przeprowadzone badania mialy na celu ustalenie ewentualnych réznic w obrazie
enzymatycznym guzéw ukladu nerwowego po wielokrotnych transplantacjach.

Przy pomocy metod histoenzymatycznych autorzy przebadali miesak $§r6dmoézgo-
wy 1 nerwiako-miesak nerwu kulszowego, wzbudzone przy pomocy N-metylo-N-ni-
trozomocznika i kolejne ich przeszczepy §rédmézgowe, az do 21 i 19 pokolenia.

W linii migsaka $ré6dmoézgowego lokalizacja i aktywno$é kwasnej fosfatazy i nie-
swoistej esterazy zmienialy sie w pierwszych pokoleniach przeszczepu guza; poczgw-
szy od 5 pokolenia pozostawaly niezmienione. W przeszczepach guza nerwu kulszo-
wego kwasna fosfataza wzrastala po 8 pokoleniu, wykazujgc potem stale rozmiesz-
czenie ziarnistego enzymu w komoérkach guza.

Uzyskane wyniki sugerujg pewne zmiany w metabolizmie guzéw neurogennych
w przebiegu transplantacji, chociaz w obu seriach guzéw zaréwno fosfataza zasado-
wa jak i miektére dehydrogenazy mie wykazywaly zadnych zmian wykrywalnych
przy pomocy metod histoenzymatycznych.

T. Occke, P. Bapuok, B. Auum
L J
TUCTOSH3UMMATUYECKUE UCCIEJOBAHUS MHOT'OKPATHOIIPYUBUBA-
HBEIX OIIYXOJIEM MO3TA M HEPBA KPEICHI

Pe3mowMme

IIpoBesieHHbIE MCCIEAOBAHUA 3aKJIIOYAJIMCh B YCTAHOBJIEHVMY BO3MOXKHBIX pa3HML]
B 9H3MMAaTM4YECKO}i KapTUHe OIyXoJiei HEePBHOM CHUCTeMBI IOCJIe MHOTOKPATHBIX
TPaHCIIJIaHTAL M.

IIpu nomouys THMCTOIH3UMATUYECKMX METONOB aBTOPBLI MCCIEA0BAaNIM BHYTPUMO3=
TOBYIO CapKOMYy M HEMPOCapKOMy CeaJMIIHOTO HepBa, BbI3BaHHbLIX N-mermii-N-Hu-
TPO30MOYEBMHOM, @ TAK¥Ke UX BHYTPMMO3rOBbhIE TPAHCIJIAHTATHI BMJIOTH n0 21 u 19
reHepauun.

B nuHMM BHYTPMMO3TOBOM CAapKOMBI JIOKaaM3auMsa ¥ aKTUBHOCTB - KMCJoi doc-
dharaszer 1 HecrieuMMPUYHOM SCTEePa3bl M3MEHAJMUCH B IEPBBIX IeHepalMUAX TPAHCIJIaH-
TaTra ONYXOJM M OCTaBaJMCh HEeM3MEHHBIMM HauyuMHasg ¢ 5 reHepauuu. B tpancniaHra-
Tax ONIYyXOJM CeJaJIMIIHOTO HepBa Kucnas ¢ocdaraza yBeauumuBaiach rnocje 8 rexHe-
pamwy, of6HapyzKMBasdg IIOTOM IIOCTOSHHOC pacnpejiesieHne 3epPHUCTOro 9H3uMa B
XJIeTKaxX OITyXOJIN.

ITony4yeHHble Pe3yJbTaThl FOBOPAT O HEKOTOPBIX M3MEHEHMAX Merabonm3ma Hedi-
POTeHHBIX OIIYXOJIeil B IIpolliecce TPaHCIIaHTaLMyM, XOTA B o0emx cepuaAx Kak Ije-
nouHas ocdaraza TaK M HEKOTOpble JAernapasbl He O0HApyKMBaJIyM HUKAKUX
U3MEeHeHM1, HalJIo/laeMbIX MPY IIOMOILM TMCTOSH3MMATUYECKUX MEeTOJOB.
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D. SCHIFFER, L. FORNATTO, G. CROVERI, A. FABIANI

HISTOENZYMOLOGY OF HUMAN AND EXPERIMENTAL BRAIN
TUMOURS: REMARKS ON THE INTERPRETATION OF HYDROLYTIC
ENZYME REACTIONS *)

Clinic of Nervous and Mental Diseases, University of Turin, Italy

The histochemistry of hydrolytic enzymes in human cerebral tumours
is relatively well known. Generally, activities of these enzymes increase
in connection with regressive and catabolic processes, even if other cell
conditions have been recognized as responsible for the enzyme variations.
The same pictures as observed in human oncotypes can be found in
nitrosourea-induced experimental brain tumours of rats; as examples
there may be noted: cyst formation in neurinomas and the transformation
of isomorphic oligodendrogliomas to polymorphic gliomas. Also in ,in
vitro” cultures of experimental nitrosourea neurinomas of rats, cell re-
gression is accomplished through an increase of hydrolytic enzymes
content. It is to be remarked that these tumours display a formidable
growth rate. In the spindle cells a few lysosomes are revealed by intra-
vital staining with acridin orange and by histoenzymological procedures.
On the contrary, in regressive cells such as amoeboid cells or microglia-
like cells, there is an intense formation of large cytosomes and the
enzyme reaction strongly increases, as demonstrated by the previously
mentioned methods.

Generally, the granular reaction is interpreted in terms of lysosomal
localization of the enzymes, while the diffuse one, which is manifested
with diazo-methods, may be attributed either to enzyme release from
lysosomes, being in this case indicative of cell regression, or to a newly
synthetized enzyme in the endoplasmic reticulum, being in this case
indicative of cell progression. The problem is practically that of establish-
ing the exact significance of the diffuse reaction. It should be noted that
frequently the diffuse reaction is considered mainly to be an artifact
as compared with the ,true” reaction, which is granular. Even if new

*) Supported by CNR (Consiglio Nazionale delle Richerche), Roma.
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electron microscope techniques have furnished some information on this
question, most electron microscopy investigations have been carried out
almost exclusively on acid phosphatase and by the lead method of Go-
mori. On the contrary, we know that the diffuse reaction is characteristic
of diazo-methods so that, on the grounds of this difference, hypotheses
have been put forward that the two methods reveal different enzymes.

In order to contribute to the elucidation of this problem two different
experiments on human cerebral tumours were carried out.

At first, beta-glucuronidase was studied because biochemically it has
been found mainly as free or soluble activity in cerebral tumours (Allen
et al. 1970) and because there is much evidence of its double intracellular
localization. Fishman et al. (1969) demonstrated that the coupler diazotiz-
ed pararosanilin, used for histochemical evidentiation of the enzyme,
has an inhibitory effect on the enzyme reaction. This effect is particu-
larly evident on the diffuse reaction and is proportional to the coupler
molarity. We utilized the method of Hayashi et al. (1964) with diazotized
pararosanilin of various molarities from 0.6 mM to 4.2 mM (substrate
naphthol AS-BI beta-D-glucuronide 0.15 mM) on freezing microtome
sections from a small block fixed in buffered formalin pH 7.2 with 0.1 M
cacodilate and containing 0.88 M sucrose.

We observed that with the decrease of the coupler molarity, the inten-
sity of the histochemical reaction increases. This is particularly true
for the diffuse reaction which, with 0.6 mM pararosanilin, becomes
clearly evident in the protoplasmic astrocytes of gliomas, in astrocytes
of cerebellar spongioblastoma, in astrocyte-like cells of reticular areas
of neurinoma, etc. On the contrary, no reaction can be found in medullo-
blastoma with the obvious exception of pericytes, phagocytes, etc. In
particular, a clear-cut difference in glioblastomas is observed between
the cell elements of perinecrotic areas, showing a prominent granular
and corpuscular reaction (cytolysosomes) and those of the florid areas,
showing a prominent diffuse reaction. Between these extreme pictures,
there are intermediate stages in which the diffuse reaction becomes at
first confined to the Golgi area of the cell and then associated with
a granular reaction. Together with the increasing number and volume
of the granules, the diffuse staining disappears. This passage from one
to another type of the reaction is very interesting if we take into account
the situation of the Golgi apparatus regarded on one hand as a receptacle
of enzymes produced by endoplasmic reticulum and on the other as
a source of lysosomes.

In the second experiment we examined with the electron microscope
the intracellular localization of the final reaction product of the Gomori
reaction for acid phosphatase in two glioblastomas. At the optical level
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these tumours presented two cell types as far as the character of the en-
zyme reaction is concerned: one type with a prevailing granular reaction
and the other with such a fine granular reaction as to be the closest pos-
sible to the diffuse reaction of naphthol methods. Ultrastructurally, three
cell types have been identified on the basis of the situation of the final
reaction product: the first type consists of small cells with the final reac-
tion product localized in large cytosomes, associated to large vacuoles
which occupy almost the entire cytoplasm; the second type consists of lar-
ge cells with the FRP still localized in cytosomes; the third type consists
of large cells with the FRP localized also in the cisternae of endoplasmic
reticulum or in other ultrastructures which could correspond to Golgi
apparatus. We believe that the enzyme reaction found in the third cell
type might correspond to the diffuse reaction of diazo-methods.

Our results not only confirm the hypothesis that the histochemical
diffuse reaction may be the expression of protein synthesis, and therefore
of a progressive reaction of the cell but also, and above all, they prove
that, even if enzyme release from lysosomes cannot be excluded, it is
actually the transformation of a diffuse reaction into a granular one
which indicates cell regression.

All our findings on hydrolytic enzymes in human as well as in expe-
rimental brain tumours are interpretable on the grounds of the prospect-
ed hypothesis. The phenomena of cell differentiation, anaplasia and
regression are strictly correlated. Cell regression may also be realized
independently of the former two phenomena; as is well known, in this
case the preexisting lysosomes are utilized.

The problem discussed concerns directly the fundamental question
of the interrelation of the cytotypes in cerebral tumours which recently
arose again in connection with the heteromorphism of experimental
tumours .In view of its importance we feel that this problem deserves
further consideration.

D. Schiffer, L. Fornatto, G. Croveri, A. Fabiani

HISTOENZYMOLOGIA LUDZKICH I DOSWIADCZALNYCH GUZOW MOZGU —
ZAGADNIENIE INTERPRETACJI ODCZYNOW ENZYMOW HYDROLITYCZNYCH

Streszczenie

Autorzy omawiajq zagadnienie réznicowania komoérkowych zmian wstecznych
i postepowych w guzach mézgu.

Badano aktywno§é kwasnej fosfatazy i glukuronidazy, enzyméw charakteryzu-
jacych sie dwoistg lokalizacjg $rédkomérkowsg i dwojakiego typu odczynem histo-
chemicznym — ziarnistym zwigzanym =z lizosomami i rozlanym (zwlaszcza przy
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uzyciu metod dwuazowych) stanowigcym wyraz bgdZz uwalniania si¢ enzymu z lizo-
som6w, badZ tez ich lokalizacji w siatce $rédplazmatycznej.

W celu wyjadnienia dwolisto$ci odczynu enzymatycznego badano aktywnos$é glu-
kuronidazy i jej zmiany w zalezno$ci od stezenia substratu. Wykazano wzrost nate-
zenia reakcji, zwlaszcza typu rozlanego, przy obniZeniu molarno$ci roztworu barw-
nika. Zjawisko to wystepowalo jednak w pewnych tylko typach komoérek, takich
np. jak astrocyty protoplazmatyczne w glejakach, w astrocytach w spongliobla-
stoma cerebelli, czy gwiazdzistych komoérkach nerwiakéw. Nie obserwowano go
natomiast w komoérkach rdzeniak6w. Réznice w charakterze odczynu wykazywaly
réwniez zwigzek ze stanem biologicznym tkanki nowotworowej — w otoczeniu
martwic przewazal ziarnisty typ reakcji, w okolicach bujnego wzrostu dominowal
odczyn rozlany. Mozna bylo réwniez prze§ledzi¢ komérki, w ktérych odczyn rozla-
ny zanikal na korzy$é odezynu ziarnistego.

Badanie mikroskopowo-elektronowe aktywnosci fosfatazy kwasnej w wybranych
przypadkach glejakéw wielopostaciowych pozwolilo na wyodrebnienie 3 typéw od-
czynu: male komoérki ze strgtami w duzych cytozomach, duze komoérki ze stratami
w cytozomach oraz duze komorki ze strgtami w zbiornikach siatki $rédplazmatycz-
nej lub w strukturach aparatu Golgiego. W prze§wiadczeniu autoréw ostatni typ
odczynu moze odpowiadaé reakcji rozlanej wystepujacej w technikach dwuazowych.

Uzyskane wyniki potwierdzajg przypuszczenie, Ze rozlana reakcja histochemiczna
moze by¢é wyrazem syntezy bialek, stanowigc wykladnik zmian postepowych
w komoérce. Przemiana odczynu rozlanego w ziarnisty wskazuje ma zmiany wstecz-
ne w komérce. W konkluzji autorzy stwierdzajg, ze r6znicowanie, anaplazja i zmia-
ny wsteczne sg zjawiskami $ciSle laczacymi sie ze soba.

. IIuddep, J. Popuarro, I Kposepnu, A. dabuann

T'MCTOSH3MMOJIOIMUS YEJOBEYECKUX U OSKCIEPMMEHTAJBHBIX
OIIYXOJIEM; BAMEYAHUSA KACAWIIUECH TUIPOJIA3

Pe3wme

Pabora kacaercsi mpobiemMmbl AuddepeHUMPOBAHUA KJIETOK U JereHepaTUBHBIX
J TIPOTPECCUBHBLIX M3MEHEHMII B ONYXOJAX MO03ra. AKTMBHOCTBL 9SH3MMOB YCUJIMBA-
eTcs B 3aBUCHMMOCTM OT JereHepaTMBHBIX ¥ KaTaboamyecKuxX wW3MeHeHmitr. DTo Ka-
caeTcA CHyXOJeil Mo3ra y JIIJei, 9KCIEePUMEHTAJIbHBIX OIyXOJIieil y KpbIC, BbI3BaH-
HBIX NPOU3BOAHBLIMM HMTPO30MOYEBMHBI, M SKCIEDPUMMEHTAJLHBLIX HEBPOM B TKaHEBOM
KYJbType.

C nenblo BLIACHEHMA ABOMCTBEHHOCTM 9H3UMATMHYECKON peakumy yccliefoBajach
IIIOKYPCOHMJA3a Mo MeToay l'asumm ¢ TpUMMGHEHUEM pas3HbIX KOHIUeHTpauuit cyb-
crpaTta. Bbuio obHapyKeHO, Y70 yYBeJMYEHME MHTEHCUMBHOCTM peakiyy, OCODeHHO
Pa3JIUTOro XapakTepa, 3aBMCHT OT YMEHbIlleHMA MOJSAPHOCTM pPacTBOpa KpacUTeJs.
3ra pearkuus KacaeTcAd NPOTOILIa3MaTHMYECKMX acTPOLMTOB B INIMOMaX, aCTPOLIMTOR
B CHOHTMOOJIAaCTOMAX MO33Ke4dyKa, ACTPOLMTOB B PETUKYJIAPHBIX IIOJAX HEBPOM, HO
He oOOHapyzRmuBaeTcsad B IapeHXMue MexyiaaobiiactoM. Brelgarmoiumeca pa3HUIBI CBO-
AATCA Ha NOpUMEep K TPaHYJIALMOHHOM, LIMTOJIM30COMAJLHOM peakiuMyu B palioHax
BOMM3YM HEKpPO3a M K Pa3iMTOl PeakiMy, BbIAAIOUIENCA B paiioHaxX OOMIBHOTO POCTA.
Bcerpeualoresas Takike IlepexofHble BUAbLL MOKHO HaOJMIOAaThL KJIETKM, B KOTOPBIX
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pas’iuTMs peakuus MCuYe3aeT B IIOJb3y TPAHyJIAUMOHHOI peakumu. Ilpeanosaraercs,
cleoBaTeNbLHO, uTO annapar Loabazu Beger cebsa uam Kak BMeCTUIMINE 9H3UMOB
BbIpabaThbIBaeMbIX 9HAOMIA3MATUYECKMM PEeTMKYJOM WM KaK MCTOYHMK JIM3030MOE.

Mccnenopaunsa 2 3J0Ka4YeCTBEHHBIX IJVMOM B CBETOBOM MMKPOCKOIlE OOHapY»KuJu
2 Tuna KJIeTOK, ¢ TUNMYHONI TIPaHyJALMOHHON peakiMeil My Tpeuumuranueit, cxon-
HOI € NPOAYKTOM PeakKLMy MMEIOLIMMCA B Pa3jJuTOi peakuuyu B HAMTOIOBOM METO-
ne. B.M.E. 911 KJeTKM OOHapyzKMBaJy 3 THUMA pearlMy: Maljble KJIeTKM C IpPeruIni-
TATOM B OOJBIIMX UMTO30MaX, OOJbIIME KJIETKM C HNPEeLMINTAaTOM B IMTO30Max,
fonblIMe KJETKM C NPEeMIMTATOM B LMCTEPHAX SHAOIIA3MaTMYECKOTO PeTUKYJIIO-
Ma MJIM B CTPYKTypaxX, COOTBETCTBYIOLIMX -anmnaparty loapaxu. DTOT TUII COOTBET-
CTBYET BEPOATHO PAa3JMTOM peakuuM B [BYya30BOM MeToje. Pe3yibTaThl MNOATBEP-
JKAAIOT TUIIOTe3Y, YTO pa3auTas TUCTOXMMMYEcKad peakKumusa MOzKeT ObITb NPOABJIC-
HUEM CUHTe3a NPOTEMHOB, M CJeA0BaTeJbHO IIPOTPECCUBHEIX M3MEHEHMiI B KIIeTKe.
B 9rom cBere anddepeHMpoBaHue, aHamasus M JereHepaTuBHbIE  M3MEHEHIA
TECHO COMNpPHUKAacaloTCH.
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MORPHOLOGICAL AND ENZYMATIC CHARACTERISTICS
OF EXPERIMENTAL CEREBRAL TUMOURS IN MICE¥)

Experimental and Clinical Medical Research Centre of Polish Academy of Sciences,
Department of Neuropathology
Head: Prof. dr M. J. Mossakowski. Warsaw, Poland

Morphological studies of experimental brain tumours in mice in gene-
ral point to their similarity with human spontaneous tumours.

The paper presents the results of experiments carried out to investi-
gate some enzymatic properties of chemically induced brain tumours
in mice in order to compare them with their human counterparts. The
study was carried out on about 100 tumours induced by methylcholan-
trene implantation into cerebral hemisphere of inbred mice CsH, R III,
and DBA.

Besides routine histological staining, reactions for following hydrolases:
alkaline and acid phosphatase, non-specific esterase, for following oxida-
zing-reducing enzymes: lactic, succinic and glucoso-6-phosphate dehydro-
genase and also for aminopeptidase, were performed. The particulars
concerning applied methods are described in previous papers (Kroh 1969,
1970a, 1970b, Kroh, Szumanska 1971).

RESULTS

All the tumours were morphologically classified as gliomas, sarcomas
and as mixed tumours — gliosarcomas. Three types of gliomas, i.e. oligo-
dendrogliomas, astrocytomas of different types and glioblastomas and
few cases of ependymomas were observed.

Among these cerebral tumours there were some of ,pure” and some
of ,,composite” character.

Complete lack or marked decrease of alkaline phosphatase activity in
vascular walls is observed in all examined types of gliomas except astro-
blastoma.

*) Work was partially supported by P. L. 480 grant, Public Health Service USA.
Agreement 05-044-1.
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Activity of acid phosphatase varies from hardly visible to prominent
in the cytoplasm of neoplastic cells independent on the type of cell or
tumour (Fig. 1). :

Non-specific esterase activity in general coincides with the latter.
Only the ependymomas exhibit rather uniformly distributed low cyto-
plasmic activity.

Lactic dehydrogenase activity in all classified and unclassified gliomas
is markedly increased in the cytoplasm of neoplastic cells as compared
with cellular elements of brain tissue (Fig. 2).

Glucose-6-phosphate activity in cytoplasm of investigated astrocytomas
and ependymomas of various degrees of differentiation is of lesser inten-
sity (Fig. 3), when succinic dehydrogenase activity is very low or enti-
rely lacking.

The low activity of aminopeptidase is noted only in the cytoplasm
of oligodendroglioma cells.

The intermediary gliosarcoma group is divided further according to
the proportions of different types of tissues present. There are the glio-
mas with the neoplastic proliferation of vascular walls, the tumours with
equal participation of elements of glial and mesodermal origin and the
sarcomas with concomitant neoplastic glial proliferation (Fig. 4).

The activity of alkaline phosphatase in all vessels is absent or mar-
kedly decreased in all glial or mesodermal parts of tumours.

The acid phosphatase activity is characterized by marked differences
in intensity and localization, in cells of both origins.

The non-specific esterase reveals an almost analogous picture.

On the basis of our experience with extracranial gliosarcomatous parts
of intracerebral gliomas, high activity of lactic dehydrogenase is always
found, though various cells differ in intensity, almost absent succinic de-
hydrogenase activity and intermediate glucose-6-phosphate dehydrogenase
activity.

Four groups of brain sarcomas were distinguished: fibrosarcomas of
the dura mater, endothelial meningosarcomas, osteosarcomas and mon-
strocellular sarcomas of the brain.

Alkaline phosphatase activity in vascular walls is very much decreased
in all sarcomas, as compared to normal brain vessels, espemally in mon-
strocellular sarcomas.

Osteosarcoma shows remarkable high cytoplasmic activity.

Acid phosphatase differs markedly in intensity from cell to cell
(Fig. 5). Monster cells do not exhibit any activity of this enzyme.

The distribution of non-specific esterase does not show any distinctive
features and differs in intensity in all sarcomas.

http://rcin.org.pl



% ;‘:k*’ ﬁi'é H. Kroh XI

fig. 1. Astrocytoma III°. Non uniform cytoplasmatic distribution of acid phosphatase
activity. X 800.

Fig. 2. Astrocytoma II°. High lactic dehydrogenase activity. X 400.

Fig. 3. Astrocytoma II/III°. Low, non uniform activity of glucose-6-phosphate
dehydrogenase. X 400.

Fig. 4. Gliosarcoma. Representation of tissues of glial and mesodermal origin.
HE. X 200.
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Fig. 5. Fibrosarcoma. Non uniform distribution of acid phosphatase activity. X 65.

Fig. 6. Fibrosarcoma. High activity of lactic dehydrogenase in the cytoplasm and
processes of tumor cells. X 400.
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The activity of lactic dehydrogenase is high in fibrosarcomas and
monstrocellular sarcomas without preference in particular types of cells
(Fig. 6).

Both fibrosarcomas and monstrocellular sarcomas exhibit low activity
of glucose-6-phosphate dehydrogenase.

Succinic dehydrogenase activity in both above mentioned types of
neoplasms is completely absent in most cells.

Aminopeptidase activity is noted in the cytoplasm of dispersed singular
cells or nests of fusiform cells. Some more regular increase in amino-
peptidase activity can be observed in the cells of the periphery of
tumours.

DISCUSSION

In the material investigated, neoplasms were encountered which
resembled those found in human central nervous system. As far as their
origin is concerned they are either ,,pure” or , mixed”.

Mixed character of tumours is connected probably with simultaneous
action of carcinogen on the tissue of different origin. The more rapid
proliferation of one type of neoplastic tissue or the induction of one type
of neoplasm by another is to be also considered. The same applies to the
,,composite” gliomas (Rubinstein 1964, Kroh 1970 a, b).

The morphological structure of induced gliomas and sarcomas shows
remarkable similarities to the structure of spontaneous human tumours.
This refers both to the development of primary structures and to the
secondary structures.

Morphological similarity to the human tumours does not fully reflect
on the enzymatic properties, especially in view of different opinions
concerning histochemistry of human tumours.

Constant decrease of alkaline phosphatase activity in the vascular walls
is perhaps related to deep disturbances in the blood-brain barrier (Meier-
Ruge 1966).

The observations of acid phosphatase activity differ from the obser-
vations of other authors concerning the intensity of reaction in particular
types of tumours. It seems that there is a lack of typical constant pattern
of distribution of this enzyme in experimental gliomas and sarcomas.

As far as non specific esterase is concerned the tumors do not show
any special patterns.

The activity of aminopeptidase observed mainly in sarcomas is in some
cases localized in the periphery of tumours, in others in dispersed cells.

The increase of the lactic dehydrogenase activity in the cells of all
types of tumours as well as the decrease or lack of succinic dehydrogenase
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activity probably indicates only the changed metabolism of neoplastic
cells in the direction of anaerobic respiration (Kroh, Szumanska 1971).
These observations are in agreement with many authors opinions con-
cerning the activity of investigated enzymes in spontaneous human
tumours (Nasu, Muller 1964).

H. Kroh

MORFOLOGICZNE I ENZYMATYCZNE CECHY DOSWIADCZALNYCH GUZOW
MOZGU MYSZY

Streszczenie

Przedstawiono wyniki badan morfologicznych i enzymatycznych 100 doswiad-
czalnych nowotworéw moézgu wywolanych metylocholantrenem.

Poza rutynowym badaniem histologicznym przeprowadzono reakcje enzymatyczne
dla nastepujacych enzymoéw: fosfataza zasadowa i kwa$na, esteraza nieswoista,
aminopeptydaza, dehydrogenaza mleczanowa, bursztynianowa i glukozo-6-fosforanu.

Nowotwory zostaly sklasyfikowane jako glejaki, miesaki, i glejako-miesaki.
Wséréd glejak6w obserwowano skgpodrzewiaki, roéznego typu gwiazdziaki, glejaki
wielopostaciowe i wyS$ciétczaki, a wér6d miesakbw — widkniako-miesaki opony
twardej, oponiako-miesaki, kostniako-miesaki i miesaki olbrzymiokomoérkowe.

Obserwowane nowotwory wykazywaly znaczne podobienistwo morfologiczne do
odpowiednich samoistnych nowotwor6w moézgu czlowieka, dotyczgce tak struktur
pierwszorzedowych jak i drugorzedowych. Zaré6wno glejaki jak i miesaki wykazy-
waly podobne cechy enzymatyczne. Fosfataza zasadowa wystepowala wylgcznie
w komoérkach kostniako-miesaka, natomiast stala aktywno§é tego enzymu w Scia-
nach naczyn w tkance prawidlowej ulegala we wszystkich rodzajach nowotworbéw
zanikowi lub znacznemu obnizeniu, co wigze sie z zaburzeniami przepuszczalno$ci
naczyn. Aktywnoéé¢ fosfatazy kwasnej wykazywala duze wahania nasilenia i lokali-
zacji i mie posiadata cech charakterystycznych dla zadnego rodzaju guza. Aktyw-
no§¢ dehydrogenaz we wszystkich guzach wykazywala bardzo wysokie nasilenie
dehydrogenazy mleczanowej, mierne glukozo-6-fosforanu, §ladowe dehydrogenazy
bursztynianowej. Takie masilenie aktywno$ci dehydrogenaz prawdopodobnie wska-
zuje ma zmieniony metabolizm komoérek nowotworowych w kierunku oddychania
beztlenowego.

T. Kpox

MOP®POJIOTUYECKUE U ODH3UMMATUYECKUE CBOVICTBA SKCIIEPYMMEH-
TAJBHBIX OIYXOJIEV MO3TA MBI

Pe3wome

TIpencrasyieusb! pe3yJbTaThl MOPMOJIOTMYECKMX ¥ SH3UMATUYECKUX MCCIELOBAHMUI
100 sKcrepuMeHTaNbHBIX OIyXOJ€il MO3ra, BbI3BAHHBIX METUJIXOJAHTPEHOM.

KpoMe OOBIKHOBEHHOTO TMCTOJOTMYECKOTO JMCCIEAOBAaHNMA MNPOBOJMJINCL SH3MMA-
TUYecKye peakuuy LI CISAYIOIMX SH3MMOB: 1UeJouHas u Kuciaasa docedarasnl,
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vecneuuduyeckasa s3cTepasza, aMMHOIENTHasa, JaKTaTAeTMApOreHas’a, CYKLUMHIEIM-
JporeHasa M JerujporeHasa IiIOKO030-6-docdara.

Omoyxoay KiacuiuuypoBaduch KakK INIMOMBI, CapKOMbI ¥ IJMocapkKoMbl Cpemit
rJyoM HaOMIga M OJMUTOAEHAPOTJIMOMBI, BCAKOTO THIIA ACTPOLMTOMBI, ITOJMMOP-
Hble TIM00JIaCTOMBI M SIEHAMOMBI, @ CPeAu capkKoMm — (hubpocapkoOMBI TBEPJOM MO3ro-
BOJ 000JI0YKM, MEHUHIMOMBI, OCTEOCAPKOMBI M TUTAHTOKJIETOYHBIE CAPKOMBI.

Habniogaemple OIMyXoJy OOHApPyzKMBaJdyM 3HAYMTEJbHOE MOpPMOJormyecKoe CXOox4-
CTBO K COOTBETCTBYIOILLMM CIIOHTAHHBIM OIIyXOJIAM MoO3ra 4YeJioBeKa, Kacamleecd
KaK NEepBOPaspPAAHbIX TaK ¥ BTOPOPA3pPAAHBIX CTPYKTyp. Kak ramoMel Tak u cap-
KOMBI OOHapyRuBay NOROoOHBIE 9H3MMaTHMdecKue cpoiicTBa. Ilesmounaa docdarasa
HaxXoauJiach MCKJIOYMTENbHO B KJIETKaX OCTEe0CAapKOMbI, B TO BpeMA KOTrja IIOCTOSH-
Hadg aKTUMBHOCTbL 9STOTO 9H3UMMa B CTEHKaxX COCYAOB HOPMAaJIbHOM TKaHM II0ABepra-
Jachk BO BCeX BUAAX OMNMYXO0Jeil MCYE3HOBEHMIO MM 3HAYUTEJIbHOMY CHVZKEHMIO, 4YTO
CBA3BIBAETCHA C HAapYLIEHUAMM [POHMI[AEMOCTM COCYZOB. AKTMBHOCTb KMCJON poc-
(hara3el obHapyxmBasa GoJbluye KoJe0aHMA MHTEHCHMBHOCTM U JIOKAJM3almMM M He
yMeNla XapaKTePHBIX CBOMCTB HM JJIA OAHOTO BUAA OINYXOJU. AKTUBHOCTH JeTMAPO-
reHa3 BO BCeX ONYyXOJAX OOHapyzKuBajla OYEHb BBICOKYI0 WMHTEHCMBHOCTBH JIAKTaT-
JIerMApOreHasnbl, YMEpPeHHoe — TIUII0K030-6-pocdaTta m caegoBoe — CYKIMHAETUAPO-
reHa3pl. TaKasd MHTEHCMBHOCTH AKTMBHOCTM JAErMIpOoreHa3 BepOATHO yKa3blBaeT Ha
M3MeHEeHHBI MeTaboJM3M ONyXOJICBbIX KJIETOK B HAIPaBJEHUM aHAPOOHOrO AbIXaHUA.
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Medulloblastoma is characterized in classical descriptions as a tumour
of childhood, located in the midline of the cerebellum and leading to
a rapid lethal end. However, tumours located in the cerebellar hemis-
phere are reported in adolescents and young adults. They are well cir-
cumscribed, abound in reticulin fibers and have a better prognosis when
successfully extirpated. , The circumscribed arachnoid sarcoma of the
cerebellum” (Foerster, Gagel 1939) gave rise to different opinions among
the neuromorphologists with regard to its nosologic differentiation. Some
authors (Kernohan, Uihlein 1962) consider it as a cerebellar fibrosarcoma,
while others (Rubinstein, Northfield 1964) believe it to be a variety of
medulloblastoma and call it ,,desmoplastic” type.

The purpose of the present paper was to compare the localization of
the classic and ,,desmoplastic” types of medulloblastoma and their histo-
logical and histochemical characteristics.

Eighteen tumours were studied; histochemical studies were performed
in 10 of them. The methods applied were: 1) routine histological: hema-
toxylin-eosin stain and stainings according to Gomori, Nissl, Bodian, Hol-
zer, Weil-Davenport; 2) histochemical: for oxidoreductases (succinic-, ma-
lic-, isocitric-, lactic-, glutamic-, glycero-phosphate- (NAD and menadion),
glucose-6-phosphate dehydrogenases, NAD- and NADP-diaphorases); for
hydrolytic enzymes (acid phosphatase, nonspecific esterase, beta-glucu-
ronidase, N-acetyl-beta-glucosaminidase, alcaline, phosphatase, adenosine
triphosphatase, phosphorylase, aldolase); in addition histochemical re-
actions for lipids and glycogen were performed.

The localization of the cerebellar neoplasms is presented according to
operative and autopsy findings. Twelve of the tumours were located in
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the vermis and spread towards the IV ventricle and/or the cerebellar
hemispheres (2 of them reached the cervical spine while a third one
involved the dural sinuses as well). The other 6 tumours were located
in the cerebellar hemisphere as a circumscribed node or they infiltrated
the brain stem and the meninges.

The hematoxylin-eosin staining and that for reticulin fibres showed in
9 tumours (7 located in the vermis and 2 in the cerebellar hemisphere)
the typical picture of medulloblastoma. The other 9 tumours (5 located
in the vermis and 4 in the cerebellar hemisphere) corresponded to the
.,desmoplastic” type of Rubinstein and Northfield. In these tumours bund-
les of reticulin fibers enclosed islands or strands of cells (Fig. 1) which did
not differ from the cells of the classic type of medulloblastoma. No re-
lationship was established between the gross appearance of the tumour
and the content of reticulin fibers. The latter were observed both in
a well circumscribed tumours located deeply in the cerebellar hemisphere
as well as in tumours infiltrating the IV ventricle, the brain stem, the
cerebellar hemisphere, the meninges. Histochemical tests for oxidore-
ductases showed no differences in the intensity, character or distribution
of the reactions among the tumoral cells of classic type and the cells
constituting islands and strands of ,,desmoplastic” type. The oxido-
reductase reactions were weaker in the bundles of reticulin fibers when
compared to those in the islands and were concentrated mainly around
the lighter, elongated nuclei among the fibers. Neither was any difference
found between the two types of medulloblastomas in the activity of
lysosomal enzymes. The reactions for nonspecific esterase and acid pho-
sphatase were weak, diffuse in the tumoral parenchyma of classic type
and in the islands of , desmoplastic” type. The reactions for beta-glucu-
ronidase and N-acetyl-beta-glucosaminidase were almost negative. There
were scattered cells which showing no difference in size from the rest
of the parenchymal cells revealed a more intensive reaction for all four
lysosomal hydrolases (Fig. 2) especially for nonspecific esterase. The
‘reactions for glycogen and phosphorylase were negative in the tumoral
‘p‘ar‘en‘chyma of most medulloblastomas. This was very clear in the ,des-
moplastic” type where, in contrast to the negative reaction in the tumour
cell islands, the bundles of reticulin fibers showed a granular and com-
paratively intensive diffuse reaction. Quite a reverse picture was observ-
ed after staining with Sudan black for lipids. The tumoral cells gave
a dust-fine granular reaction while there was none in the bundles of
reticulin fibers. A positive reaction for alkaline phosphatase was found
in the parenchyma of four medulloblastomas, irrespective of their type.

The total data from the hematoxylin-eosin stain and the staining me-
thods for neuronal and glial elements (Nissl, Bodian, Weil-Davenport,
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Holzer) showed that in 5 of the tumours (3 located in the vermis and 2 in
the cerebellar hemisphere) there were features of neuronal and/or glial
differentiation. Neurons with unequal differentiation were found, their
cytoplasm showed intensive or moderate diffuse basophilic coloration.
Intracytoplasmic or axonal neurofibrils were found in one of the two
tumours where these cells were present (Fig. 3a). The activity of all
enzymes representing oxidizing-reducing group was high and located
both in the cellular bodies and at the beginning of the axons (Fig. 3b).
These cells stood out among the rest of the parenchyma with moderate,
very fine-granular or diffuse reaction in the tests for lysosomal enzymes.
We could not identificate them in the reactions for glycogen and phospho-
rylase, while Sudan black B stained them diffusely blue. Cells with mor-
phological features of glial elements were observed in 3 medulloblasto-
mias (1 located in the vermis and 2 in the cerebellar hemisphere). They
were astrocyte-like cells, the size of which and location provided no
reasons to doubt that they were not local hypertrophied astrocytes
(Fig. 4a). In addition we found in one of the tumours an area with
features of oligodendrocytoma. The Weil-Davenport stain proved the
glial origin of these cells. They exhibited apparently higher oxidoreduc-
tase and hydrolase activity than the rest of the parenchyma (Fig. 4b),
even for enzymes which were but little pronounced as a rule.

In 2 medulloblastomas (1 classic and 1 ,lesmoplastic” type) on the
background of cellular population characteristic for these tumours,
patchy areas with apparent polymorphism were found of the first place.
This polymorphism concerned cellular nuclei; bi- or multinuclear cells,
monstrous nuclei, a great number of normal and abnormal mitotic figures
were present therein. The oxidoreductase reactions in these patchy areas
were characterized by diversity in the particular cells and thus they
contrasted with the isomorphic pattern in the rest of the tumour pa-
renchyma (in the same tumour) and in other medulloblastomas. The
intensity of the reactions was not dependent on the size of the cellular
nucleus (Fig. 5). This histochemical polymorphism was more evident in
the activity of mitochondrial form of glycerophosphate dehydrogenase
than in the enzymes of the Krebs cycle. Some of the larger cells having
irregular nuclei stood out among the rest and showed a more intensive
reaction for acid phosphatase, nonspecific esterase and aldolase. These
cells were fully negative when tested for glycogen and phosphorylase.

In 2 classic type medulloblastomas (located in the vermis) scattered
or clustered pseudoxanthomatous cells with large diformazan granules
in nearly all oxidoreductases, with an intensive coarse granular reaction
for the lysosomal enzymes and with high lipid content were observed.
In general, the vascular component was slightly marked in both types
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of medulloblastomas but in 2 tumours (1 classic and 1 ,,desmoplastic”)
there were some regions with haemangioma appearance. The vessels
irrespective of their caliber, showed a rather higher activity than the
tumoral cells when tested for glucose-6-phosphate dehydrogenase and
the NADP-diaphorase.

DISCUSSION

The results of our study showed that there was no direct correspon-
dence between the localization of the tumours and their histological
structure. In reality, the greater part of the classic-type medulloblasto-
mas of our material were located in the vermis while the ,,desmoplastic”
ones were almost evenly distributed in the cerebellar hemispheres and
the midline. The lack of correlation between the localization of the me-
dulloblastomas, their histological type and the postoperative survival
terms has been pointed out by Miles and Bhandari (1970). We found no
difference between the tumoral cells of the classic-type medulloblastoma
and the cells constituting islands in the ,,desmoplastic” type when
applying standard histological methods. Neither was any difference
observed when histochemical methods were used. Thus, our results
fully support the concept of Rubinstein and Northfield (1964) that the
»circumscribed arachnoid sarcoma of the cerebellum”, described by
Foerster and Gagel is in fact a variety of medulloblastoma. Its characte-
ristic difference from the classic type of medulloblastoma — the presence
of reticulin fiber bundles — is attributed by Rubinstein and Northfield
(1964) to the early invasion of the leptomeninges and the unclarified
properties of some tumours, medulloblastoma being one of them, to
stimulate the proliferation of connective tissue. Another argument in
favour of the concept of Rubinstein and Northfield (1964) is the presence
of features of neuronal and glial differentiation in some of the studied
medulloblastomas, both classic and ,,desmoplastic”. This finding is related
to the histogenesis of medulloblastoma, a point at issue much discussed
lately (Gullotta 1966, 1967; Kane, Aronson 1967; Kreuzberg, Gullotta
1967; Matakas et al. 1970; Monticone 1965; Miiller 1967; Polak 1967;
Viale, Candia 1967; Voigt 1968; Ziilch, Wechsler 1968), but we shall not
go into details in the present paper. We would like only to draw attention
to the rather isomorphic not only histologic but also histochemical charac-
teristics of the cells exhibiting neuronal and glial differentiation, irres-
pective of the type, localization or gross appearance of the medullo-
blastomas.

Kernohan and Uihlein (1962) associated the presence of reticulin fibers
with their origin from the sarcomatous tumoral cells, and the islands,
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Fig. 1. Reticulin fibres staining according to Gomori. A) Classic type of medullo-

blastoma: reticulin fibers are seen only in the vascular wall, X 63. B) ,Desmopla-

stic” type of medulloblastoma: the bundles of reticulin fibers enclose islands of
cells, X 157.5.
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Fig. 2. Acid phosphatase activity: a more intensive reaction is seen in the pericytes,
the perivascular and some scattered parenchymal cells. X 63.
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Fig. 3. A) Neurofibrils stained according to Bodian, X 252. B) NAD-diaphorase
activity. Cells with neuronal differentiation are prominent. X 157.5.
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Fig. 4. A) Glutamic dehydrogenase activity is intensive in the cells showing glial
differentiation. B) Glutamic dehydrogenase activity, high activity in the oligoden-
drocytelike cells, 157.5.
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Fig. 5. Lactic dehydrogenase activity. Cells with high activity are prominent in
the polymorphous areas.

http://rcin.org.pl



Nr 2 Histochemistry of medulloblastoma 245

according to them, were foci of degeneration where the reticulin fibers
were torn. Our histochemical studies showed that the reticulin fiber
bundles and the cells among them differ from the cells in the islands.
In addition, the intensity and character of the reactions both for oxi-
dative and lysosomal enzymes demonstrated no degenerative changes
and differed from those in the edematous parts and foci of micro-
destruction.

There exists a hypothesis that the ,,desmoplastic” medulloblastomas
are mixed tumours. Schenk (1966) presented a case where (according
to him) the prominent cellular and nuclear polymorphism, the atypical
fusiform and giant cells, and the abundance of mitoses were indicative
of sarcoma. We found 2 medulloblastomas with foci of polymorphism,
but one of them was of classical type, with no reticulin fibers present.
Similar foci were observed in patients after X-ray therapy (Oppenheimer
1969) in tumors which later showed destruction. Pleomorphism in these
tumours was considered as a reaction for the radiation. We are inclined
to admit such an explanation of the finding, although no X-ray therapy
was applied in our cases.

1. Lolova, A. Ivanova, S. Bojinov, V. Christov
HISTOCHEMICZNE BADANIA RDZENIAKOW O ROZNEJ LOKALIZACJI

Streszczenie

Autorzy przeprowadzajg korelacje pomiedzy danymi histologicznymi i histoche-
micznymi, a wiekiem i umiejscowieniem rdzeniakéw moézdzku w 18 przypadkach.
Do oceny aktywno$ci enzyméw oksydo-redukcyjnych i hydrolitycznych, lipidéw
i glikogenu zastosowano klasyczne techniki histologiczne i metody histochemiczne.

Wyniki badan histologicznych i histochemicznych nowotwordéw linii Srodkowej
i p6ilkul mézdzku dotyczg ogblnej budowy, elementéw komérkowych, typowych
rozet, obecno$ci wibkien retikulinowych, zwigzku z oponami, obecno$ci atypowych
form komérkowych i mitoz.

Dziewieé rdzeniaké6w wykazywalo typowg budowe morfologiczng, 9 za§ przedsta-
wialo typ desmoplastyczny, charakteryzujgcy sie duzym udzialem wibkien retiku-
linowych, otaczajacych wysepki typowych komérek. Wiekszo§¢ nowotworéw robaka
miata klasyczng budowe morfologiiczng, natomiast rdzeniaki péitkul mialy charakter
desmoplastyczny.

Aktywno$é enzyméw oksydo-redukcyjnych i hydrolaz nié wykazywata réznic
w charakterze, nasileniu, czy lokalizacji w obu typach nowotworéw. Prawie we
wszystkich przypadkach obu typéw guzéw odczyny na glikogen i fosforylazy byly
ujemne w parenchymie, podczas gdy wibkna retikulinowe wykazywaly reakcje
ziarnistg i rozlang. Barwienie ma lipidy Sudanem czarnym wykazywalo reakcje
dodatniag w komérkach migzszu nowotworbw.

Podobienstwo morfologiczne i histochemiczne obu typéw nowotworu przemawia
za ich wsp6lnym pochodzeniem wbrew sugestiom innych autoréw.
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WU. Jlonora, A. sanosa, C. BoxkuHoB, B. Xpucros

TUCTOXMMUYECKUE JCCJHIEIOBAHUSA MEJIYJJIOBJIACTOM C PA3HON
JOKAJNIMN3ALUMEN

Pe3wmMme

ABTOpbI NPUBOAAT KOPPEJALMIO MEKAY TIVCTOJOTMYECKMMM M TUCTOXMMMYECKMMI
JAaHHBIMM a BO3PACTOM M JIoOKaam3auueir MeAyJIobiaacToM Mo3Kedka B 18 caydyasx.
B oOLleHKe aKTMBHOCTV OKMCJINTEIbHO-BOCCTAHOBUTEJIBHBIX M TUAPOIUTUYECKUX SH-
3MMOB, JUINAOB ¥ TJIMKOTE€HA NPUMEHAJNUCH KJIACCUMYECKMe TIVMCTOJOTMYecKue TexX-
HUKM ¥ TUCTOXMMMUYECKMEe MeTOAbL Pe3yJbTaTbl I'MCTOJOTUMYECKMX ¥ TMCTOXMMUYec-
KMX JICCJIENOBAHMI OIyXOJieil CPeAMHHOM JMHMM M MOJyLIapuii MO3xkKedKa KacarmTcd
0B1IIero CTPOEHMs, KJIETOYHBIX 9JIEMEHTOB, TUIMYHBIX DPO3eT, HaJINIMs PEeTUKYJIMHO-
BBIX BOJIOKOH, CBA3M ¢ 000JIOYKaMM, HAJAMYMA ATUNMYHBIX KJIETOYHbIX (hopm M M-
TO30B.

IleBATL MeAyIOOJACTOM OOHAPYZKMBAJIM TUINYHOE MOPAOJIOTUYECKOe CTPOSHME,
a 9 npejcraBaAIM coBOM AECMOIJIACTMHYECKMI THUIl, XapaKTepU3yIOUicad OONbLLIIM
y4yacTueM pPeTMKYJMHOBBIX BOJIOKOH OKPYZKAalOUIMX OCTPOBKM TUIINYHBIX KJIETOK.
BOJBIIMHCTBO OMyXO0Jieil 4YepBs MMeJia KJacCcudeckoe MOpPdOJIOTUYecKoe CTPOeHMe,
B TO BpeMsa KOrja MeAyJJIo0JIacTOMbI IIOJylIapuit ObLIM JEeCMONJIAcTUYeCKOro Xa-
pakrepa. AKTUMBHOCTb OKMUCIUTEILHO-BOCCTAHOBUTEJBbHBIX 9SH3MMOB M THUAPOJA3 He
o0HapyXmMBaJy pas3HuI] B XapakTepe, MHTEHCUMBHOCTM WM JIOKanIu3auuu B OOOMX
Tunax omnyxosei. IlodTy BO BceX caydadAX O0OMX TUIIOB OIyXOJeil peakmuy Ha
raugored u docdopuaasdy ObLIM OTPULATENBHBIMM B NApeHXMMe, TOrja KakK peTru-
KYJMHOBbIE BOJOKHA ODHaApyzKuBalyM 3E€PHUCTYIO M Pa3auTyl peakuuio. OKpaumrBa-
HYe Ha JMNUAbLI CyJAaHOM 4YEepPHBIM OOHApPYIKMBAJO IIOJIOKMUTEJNBHYIO pEeakuuio -
KJIeTKaX MMapeHXMMbI OIyXOJIei.

Mopdronornyeckoe U IMCTOXUMMYECKOE CXOJCTBO O0OMX THUIIOB OIyXOJieil I'OBOPUT
3a uX OOLMM INPOMUCXOIKAEHMUEM BOIIPEKH IIPEAIOJNIOKEeHUAM JAPYyTUX aBTOPOB.
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J. KALUZA, H. SZYDLOWSKA

A COMPARATIVE HISTOCHEMICAL STUDY ON THE FUNCTIONAL
GROUPS IN PROTEINS AND SOME OXIDIZING-REDUCING
ENZYMES IN REACTIVE GLIA AND GLIAL TUMOURS

1. GLIAL TUMOURS

Department of Phamacotlogy,'Labora’oozry of Neurosurgical Pathology, Polish
Academy of Sciences, Cracow, Poland

Contrary to the reactive glia, the glial tumours display a significant
differentiation of the cytoenzymatic activity, depending on the cellular
content and the degree of anaplasia (Katuza 1970, Schiffer et al. 1965,
Smith 1963). Among the enzymes of the Krebs and the Embden —
Meyerhoff — Parnas cycle, which exhibit essential differentiation of
their activity, the NADH-dependent tetrazole reductase and the lactate
dehydrogenase (LDH) occupy a particular position.

The biological studies revealed a significant LDH content in the neo-
plastic tissue. In the normal tissue, 30 — 95% of 14C-glucose is metabo-
lized into lactic acid within 30 sec. — 8 min. following intravenous in-
jection. However, the transfer of the carbon isotope from lactic acid
into other substances occurs in the normal tissue much more extensively
than in the neoplastic one. According to Busch et al. (1962), the amount
of lactic acid metabolized in the neoplasm makes less than 21% of that
in the normal tissue. On the other hand, Zamecnik et al. (1951) proved
that the rate coefficient for the incorporation into proteins of the glucose
carbon is ten times higher in hepatoma than in the normal liver and
the amino acids connected with individual links in the Krebs cycle
exhibit a specific activity which is higher in tumours than in the normal
tissue.

Studying the differences between the enzymatic activities in various
cell groups in glial tumours, we were able to observe a certain correlation
between the enzymatic activity and the cytoplasm/nucleus ratio, similar
to that found in the studies on functional groups in proteins (Szydlowska
1970a, 1970b). We therefore decided to study comparatively the oxidizing-
reducing enzymes and the functional groups in proteins.

http://rcin.org.pl



250 J. Kaluza, H. Szydlowska Nr 2

MATERIALS AND METHODS

Materials, methods as well as the techniques applied for histoenzymatic
reactions and reactions on functional groups in proteins were as described
in the article on reactive glia (Szydiowska, Katuza 1972). A part of the
samples of glial tumours used in histoenzymatic studied were preincubat-
ed 3 hrs in a glucose enriched Parker solution (glucose concentration —
0.01 M) since — as could be concluded from studies by other authors —
glucose is very quickly metabolized in the normal tissue, in brain by
about 80%. This modification, however, remained without effect on the
intensity of the in vitro cytoenzymatic reaction in the mneoplastic tissue.

RESULTS

Among the examined enzymes, the LDH (Figs. la, 1b) and the NADH
— dependent tetrazolium reductase (Figs. 2a, 2b) exhibited an extremely
high activity. NADPH- dependent tetrazolium reductase, although less
active than the above two enzymes, turned out to be more active than
the remaining ones.

Intensity of the enzymatic activity is in the first instance connected
with the change in cytoplasm/nucleus ratio. For that reason tumours with
a high degree of anaplasia, and thus with a significant cellular poly-
morphism, appeared the most suitable for our studies, since there the
cytoenzymatic differentiation as well as that of functional groups in
proteins was strongly marked (Figs. 3a, 3b, 3c, 4a, 4b, 4c).

‘The high enzymatic activity is characteristic for cytoplasm rich cells,
such as various gemistocyt-like forms and giant cells (Figs. 1b, 2b).
These cells distinguish themselves by their high LDH and NADH —
dependent tetrazolium reductase activity, although the other enzymes
also exhibited a relatively higher activity that in the remaining cells.
Majority of these cells displayed significant amounts of functional pro-
tein groups. Gemistocytes of gemistocytomas and multiform glioblasto-
mas are rich in all functional groups (Figs. 3a, 3b, 3c, 4a, 4b, 4c). An
uniformity of protein group reactions turned out to be a general feature
of large gemistocytes and giant cells. The surface layers of the cytoplasm
exhibit a strong reaction, whereas the cytoplasm inside the cell reacts
very weakly. Sometimes intensification of the reaction occurs at one
of the cell poles. :

The cells poor in cytoplasm are characterized by a low activity of all
enzymes but LDH and NADH — dependent tetrazolium reductase, which
are relatively more active than the other enzymes (Figs la, 2a). Changes
in thel content of functional groups take place almost exclusively in
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nuclei and are expressed by an increase in the amount of these groups,
especially by that of SH groups.

A variety of intermediate reactions ex1sts between the extremely
strong histoenzymatic reaction in the cytoplasm-rich cells and an
extremely weak one in the cytoplasm-poor cells. The mutual rela-
tionships between the functional groups of proteins in nuclei of these
cells also undergo several transformations (Figs. 3a — 5c).

Among the group of intermediate intensity of histoenzymatic reaction,
there can be numbered: fibrillary astrocytomas, especially those localized
in cerebellum and rarely occuring oligodendrogliomas without astrocytic
component or those exhibiting features of anaplastic growth.

Characteristic for all types of examined tumours, however, irrespective
of the degree of cellular polymorphism, was the low activity of glutamate
dehydrogenase. Only in highly differentiated, diffuse astrocytomas
(Fig. 5d), an increase in activity of these enzymes could be noted less
significant, however, than that of LDH. The glutamate dehydrogenase
activity was relatively higher as compared with that of succinate de-
hydrogenase.

DISCUSSION

The histochemical correlation between the activity of oxidizing-reduc-
ing enzymes and the presence of terminal protein groups in glial tumours
was difficult to establish. No correlation was found even between the
high activity of LDH or NADH — dependent tetrazolium reductase and
the increase in functional groups in proteins of either the cytoplasm —
rich cells or cells localized in necrotic regions, where the tissue desinte-
gration is significant and connected with the rise in level of terminal
groups. Similarly, no results were obtained as to the correlation between
the weak activities of the remaining enzymes like SDH, MDH and GDH,
and the changes in the content of terminal groups in proteins.

The amount of SH groups does not depend upon the enzyme activity.
The rise in level of these groups was observed paralelly with the deve-
lopment of tumour anaplasia and occured first of all in nuclei, parti-
cularly in nuclear membranes, preferentially in malignant tumours, in
the cells of the front of tumour growth. No results, however, were
obtained indicating any correlation between the number of SH groups
and the rate of neoplastic growth (Bahr, Moberger 1958, Miiller 1966,
Miiller et al. 1958).

In most of the cytoplasm-rich cells, however, we were able to detect
an increase in N-terminal a¢-amino groups and a positive reaction for
COOH groups, not only in the cell — body, but also in some processes.
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The question as to the way, in which the tumour tissue metabolises
considerable amounts of lactic acid, remains unanswered. The rise in
level of SH groups in nuclei of individual cytoplasm — rich cells may
be. indicative for the intensification of synthetic processes, since these
groups are connected with DNA and RNA synthesis (Barron 1953, Bell
1958, Gieorgiew et al 1960), with the transport of RNA from the nucleus
to the cytoplasm (Sirlin 1960, Srinivason et al. 1964), as well as with
the regulation of mutual relationships between the metabolism of lipids
and polysaccharides (Krimsky, Racker 1952, Singer, Barron 1945, Srere
1965, Stern et al. 1952). It is thus possible that the tumour very rapidly
synthesizes long polypeptide chains and therefore the histochemical
methods are not efficient enough for detecting the increasing amounts
of proteins. This should confirm the fact, that the compounds blocking
the SH groups inhibit the tumour growth (Alow et al. 1967, Anisimow
1967, Friedman et al. 1949). This phenomenon found application in the
synthesis of numerous cytostatics.

CONCLUSIONS

1) No correlations exists between the activities of the oxidizing-
reducing enzymes in the cells of glial tumours and functional protein
groups. This concerns in particular the lactate dehydrogenase and the
NADH — dependent tetrazolium reductase.

2) The cytoenzymatic differentiation and the intensity of the reactions
on NH,, COOH and SH groups depend upon the cellular content of the
tumour and on the cytoplasm/nucleus ratio.

3) The shift of cytoplasm/nucleus ratio in the direction of the cyto-
plasm proceeds along with an increase in activity of LDH and NADH —
dependent tetrazolium reductase, whereas the intensity of the reactions
on functional protein groups does not exhibit this tendency.

J. Kaluza, H. Szydlowska

HISTOCHEMICZNE BADANIA POROWNAWCZE GRUP CZYNNOSCIOWYCH.
BIALEK I NIEKTORYCH ENZYMOW OKSYDACYJNO-REDUKCYJNYCH
W GLEJU ODCZYNOWYM I NOWOTWORACH GLEJOPOCHODNYCH

I. Nowotwory glejowopochodne

Streszczenie

Autorzy poréwnywali zmiany mnasilenia reakcji na grupy czynno$ciowe biatek
z aktyvwno$cig niektérych enzymoéw oksydacyjno-redukeyjnych, zwlaszeza dehydro-
genazy kwasu mlekowego i NADH reduktazy tetrazolowej, ktorych aktywnosé
w nowotworach jest bardzo wysoka.
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Fig. 1. Lactic acid dehydrogenase activity in neoplastic cells. X 1 170: a — Oligo-
dendroglioma anaplasticum. Cytoplasm-poor cells, b — Glioblastoma multiforme.
Cytoplasm-rich cells.



XVIII J. Katluza, H. Szydlowska

Fig. 2. NADH-dependent tatrazolium reductase activity in neoplastic cells. X 1 170:
a — Oligodendroglioma anaplasticum. Cytoplasm-poor cells, b — Glioblastoma
multiforme. Cytoplasm rich-cells.
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Fig. 3. Astrocytoma gemistocyticum. Reaction for functional groups in proteins.

X 1 170: a) Strong NH, group reaction with ninhydrin and Schiff reagent in gemi-

stocyte-like cells, b — SH group reaction in gemistocyte-like cells. Method by

Bennet, ¢ — Weak Barrnett-Seligman reaction for COOH group in gemistocyte-like
cells.

Fig. 4. Glioblastoma multiforme. Reactions for functional groups in proteins. X 1170:

a — Strong NH, group reaction with ninhydrin and Schiff reagent in gemistocyte-

-like cells, b — Strong Barrnett-Seligman reaction for COOH groups in giant cells,

¢ — SH group reaction in gemistocytes-like and giant cells. Method by Bennet.
Weak reaction in cytoplasm, strong in nuclei.
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Fig. 5. Astrocytoma diffusum. X 1170: a — Very weak NH, group reaction with ninhydrin and Schiff reagent, diffused

regularly in the whole texture, b — Very weak Barrnett-Seligman reaction for COOH groups, diffused regularly in the

whole texture, ¢ — SH group reaction, well-marked exclusively in cell nuclei Method by Bennet, d — Significant glutamic
acid dehydrogenase activity.
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Z badan wynika, ze aktywmo§¢ cytoenzymatyczna komérek nowotworowych
wigze sie ze zmiang stosunku plazmo-jadrowego, nie towarzysza jej matomiast réw-
nolegle zmiany przyrostu lub spadku ilo$ci grup czynno$ciowych biatek.

A. Kanyxa, I'. IIInmgiroBcka

TUCTOXMMMUYECKME CPABHUTEJIBHBIE WCCJIELOBAHUA <DYHKINO-
HAJIBHBIX TPVYIIII BEJKOB M HEKOTOPBIX OKMUCIUTEJIBHO-BOCCTAHO-
BUTEJBHBIX BSH3VMMOB B PEAKTUMBHOJM TJAUM U TJIMOIIPOU3BOJHBIX

OIIYXOJIAX
I. TIIMOITPOMU3BOJHBIE OITYXOJN

Pe3mowMme

ABTOPbI CPaBHMBAJIM WM3MEHEHUS VHTEHCUBHOCTM peakuMu Ha QYHKIMOHAJILHBLIE
rpymnnbl  GENKOB € AKTMBHOCTBIO HEKOTOPLIX  OKMCJIUTENIHLHO-BOCCTAHOBUTEIHHBIX
SH3MMOB, B YaCTHOCTM JAKTaTAETrMAPa3bl M TETPa30JbHOI pPeAyKTasbl, aKTUMBHOCTDL
KOTOPBIX B OMyXOJAX OYEeHb BBICOKAasd.

VI3 wucciefoBaHMii CIEAYeT, YTO LIMTOIH3MMATHYECKad AaKTMBHOCTHL OITyXOJIEBBIX
KJIETOK CBH3aHA C M3MEHEHMEM IIIa3MO-AJEPHOTO COOTHOLIEHMA ¥ HEe COIYTCTBYIOT
Heyi TlapalljlelbHble M3MEHEHMsI YBEJIMYEHWUs WM YMEHBIIeHUF KOoJudecTBa (DyHK-
IIMOHAJNBHBIX TPyNI GEJIKOB.
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A. FABIANI, G. CROVERI, L. FORNATTO, D. SCHIFFER

ACID PHOSPHATASE ACTIVITY IN HUMAN BRAIN TUMOURS *)
Clinic of Nervous and Mental Diseases, University of Turin, Turin, Italy

Activity of acid hydrolases increases in human and experimental brain
tumours, mainly in relation to the frequency and intensity of catabolic
processes (Schiffer et al. 1965, 1968, Fabiani et al. 1970). Histochemically
they have also been discussed in connection with the processes of cell
differentiation and anaplasia.

From a histoenzymological standpoint, the distribution, localization
and character of the final reaction product (FRP) are the most important
factors for a correct evaluation of the above cellular and tissue events.

As known, the FRP of the histochemical hydrolytic pictures may be
granular and/or diffuse. While the granular reaction must be generally
associated with the lysosomes, the diffuse one cannot be always regarded
as an expression of lysosomal changes, and thus of cellular regression.
In fact, in various physiological and pathological cell conditions the
diffuse diazo-reactions are linked with the particular substrate employed
and the current protein synthesis.

In order to evaluate the significance of the enzyme reactions in tumour
cytotypes, histochemical tests for acid phosphatase have been carried
out either in fresh or fixed tissue of many cerebral tumours, including:
medulloblastoma, cerebellar spongioblastoma, protoplasmic astrocytoma,
glioblastoma multiforme, neurinoma, meningioma, craniopharyngioma,
metastatic carcinoma. The FRP has been studied with various effectors
(10-3M NaF; 103M pCMB; 2:103M Pb (NOs)2; 2:103M HgClz: the latter
two only by the azo-techniques) and Triton X-100 of various concentra-
tions (0.1%; 0.5%; 1%) with the use of beta-glycerophosphate, naphthyl-
phosphate, naphthol AS-BI and naphthol AS-TR phosphate as substrates.
Moreover, the fragility test of Bitensky was performed on fresh tissue
with the above mentioned substrates.

The results may be summarized as follows:

*) Supported by CNR (Consiglio Nazionale della Richerche), Roma,
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a) The distribution pattern of the enzyme activity is generally similar
in fresh and in fixed material after the same incubation time, the re-
action intensity being low in differentiated or immature tumors, like
meningiomas or medulloblastomas, and high in anaplastic tumors, like
glioblastoma multiforme. Moreover, independently of the tumor type,
the activity either granular and/or diffuse, clearly prevails in regressive
areas. These observations confirm the well known relationship between
acid phosphatase and regressive events.

b) Although the effector action is comparable in fresh and fixed ma-
terial, in the former, however, the efficiency is generally higher. Among
the inhibitors, NaF and pCMB are the most effective; in all tumors the
granular reaction is most sensitive, either with Gomori- or diazo-methods.
On the contrary, in differentiated oncotypes, like meningiomas or A areas
of neurinomas, the diffuse azo-dye FRP is partially resistant. Heavy
metals give similar effects on the two components of the diazo FRP.

¢) Triton X-100 treatment gives different results in fresh and fixed
tissue, with diazo and Gomori-methods and in relation to the concen-
tration.

In fresh tissue the effect is quite similar to that known in biochemistry:
after 15 min. at room temp., as little as 0.1% of the detergent provokes
a considerable reduction or complete disappearance of the enzyme
activity, both in Gomori or diazo-methods. At higher concentrations the
reactions are always negative. In fixed material, parallely with the rise
of detergent concentration, the Gomori-reaction progressively subsides
and disappears. Conversely, diazo-reactions are not modified or are
enhanced, particularly at lower concentrations.

d) The lysosomal fragility test of Bitensky shows an early appearance
of the granular FRP with Gomori- and diazo-techniques, e.g. after 5 min.
of incubation, in anaplastic cells of several tumors (glioblastoma multi-
forme, metastases, etc...) and in regressive areas of undifferentiated or
immature tumors.

More prolonged incubation results in a diffuse cytoplasmic activity
and for even longer periods nuclear staining. If the results are completely
similar for the granular FRP, a particular finding regarding the diffuse
reaction must be emphasized. This concerns the differentiated tumors
where the diffuse FRP appears earlier than the granular one, with azodye
procedures.

The significance of the diffuse stainings for acid phosphatases as well
as for other hydrolytic enzymes is not always easy to interpret. However,
cytological investigations in fresh tissue by the controled temperature
freezing-sectioning technique allow us to demonstrate lysosomal structu-

res according to the biochemists’ concept.
.
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If with the Gomori method only the last stage of the lysosomal activa-
tion is characterized by a diffuse stain, on the contrary with azo-dye
procedures, especially when using naphthol AS-substitutes, we observe
a clear diffuse reaction in differentiated tumours earlier than the granular
one, so that it cannot be explained by lysosomal diffusion. Moreover,
the same reaction is resistant to NaF. These observations agree with those
made on the general effects of Triton X-100 and of inhibitors, either bio-
chemically (Tappel et al. 1963, Meany et al. 1967, Allen et al. 1970),
histochemically (Novikoff 1963) or zymographically (Bernsohn, Barron
1964, Allen et al. 1965). They indicate that multiple molecular forms of
acid phosphatase may exist, and that in some cytotypes of brain tumours
the diffuse reaction may have a primary extra-lysosomal situation. In
this regard it is to be remarked that ultrastructural data show in several
cell-types, including tumoral astrocytes, an ER localization of acid phos-
phatase (Novikoff 1963, Schiffer et al. 1970, etc.).

In conclusion, our cytochemical findings support the hypothesis of
a relation between cell differentiation and diffuse non-lysosomal acid
phosphatase activity. This enzyme activity seems to have substrate
variations and NaF-resistance, so that it might correspond to that iden-
tified by Barron et al. (1964) as 2, 3 and 4 bands in neural zymographic
studies.

Further experiments on enzyme release and zymographic separation
are in progress.

A. Fabiani, G. Croveri, L. Fornatto, D. Schiffer
AKTYWNOSC KWASNYCH HYDROLAZ W GUZACH MOZGU U LUDZI
Streszczemnie

Przedmiotem badan autoréw byla aktywno$§é kwasnej fosfatazy w roéznych
typach guzéw o$rodkowego ukladu nerwowego. Celem badan bylo ustalenie wiplywu
réznorodnych zwigzkéw chemicznych na ziarnisty lub rozlany charakter produktéw
odczynu histochemicznego w zalezno$ci od stosowanej metody, stanu badanej tkanki
i rodzaju nowotworu.

Otrzymane wyniki mozna zreasumowaé¢ nastepujgco: /

1) najskuteczniejszym inhibitorem jest NaF i pCMB, a reakcja typu ziarnistego —
najwrazliwsza. W ‘guzach zréznicowanych, jak oponiaki, rozlany odczyn uzyskiwany
przy uzyciu metod dwuazowych, byl czeSciowy;

2) Triton X-100 powodowal w S$wiezej tkance catkowite zniesienie reakcji, za-
réwno przy zastosowaniu metody Gomoriego, jak i metod dwuazowych. W tkance
utrwalonej reakcja Gomoriego stopniowo sie zmniejszalta, az do zaniku, odpowiednio
do wzrastajgcego stezenia detergentu. Przeciwnie, reakcje dwuazowe byly wzmo-
zone, szczegblnie przy niskich stezeniach;

Neuropatologia Polska — 2 i 11
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3) test Bitensky’ego wykazuje wczesne pojawienie sie reakcji ziarnistej (w me-
todach Gomoriego i dwuazowych) w guzach anaplastycznych lub w okolicach ze
zmianami wstecznymi, podczas gdy w guzach zréznicowanych, jak w oponiakach,
reakcja rozlana pojawia sie wecze$niej niz ziarnista.

Ostateczne wyniki wykazujg, ze rozlany lub ziarnisty charakter KPR zalezy,
w ustalonych warunkach, od uzytego substratu.

Wykazanie rozlanej reakcji metodami dwuazowymi, a zwlaszcza w stanie iner-
cji lizosomalnej, mozna uwazaé¢ za wynik lokalizacji cytoplazmatycznej, nielizoso-
malnej, prawdopodobnie w siateczce endoplazmatycznej, a zatem za wyraz zmian
postepowych w komoérce.

A. Pabuanu, I'. Kposepu, J. dopuarro, J. Inddep
AKTUBHOCTB KMUCJIBIX TUAPOJA3 B OITYXOJIAX MO3rA 4YEJOBEKA

Pe3wme

MHorouncieHHble OMOXMMMYECKME M IUCTOXMMMYECKME MCCIENOBaHMA YKa3bl-
BalOT HAa YCWJEHHYI0O aKTMBHOCTH KMCJbIX TMAPOJA3 B ONYXOJAX MO3ra. ¥YCUIEeHHa:T
AKTMBHOCTb 9TMX 9H3MMOB BbI3BaHa KaTabOJMYECKMMM [POLIecCaMy, WMEIOLIMMMI
MEeCTO BHYTPYM OIyXOJM, @ TaKiKe HABJIAETCA pe3yJbTaToM IpolileccoB anddepeHIn-
poBaHMA KJIETOK ¥ AHAIIaCTMYEeCKMX IMPOLIECCOB.

Ilony4yeHHBbIC pe3ysbTaThl MOXKHO PEe3IOMUPOBATH CJIEAYIOLMM 0Opa3oMm:

1) cambiM 3chdekTUBHBIM MHrMbMTpOM sABJifeTcst NaF um pCMB, a peakuusa rpa-
HYJALMOHHOTO THIa — Haubosee 4YyBcTBUTeNbHA. B auddepeHMpoBaHHBIX Oy -
X0JAX, KaK MEeHMHITMOMBI, pasjJmuTad peakuud IojydyaemMasa IIPM MCIOJbL30BAHMM
JIBya30BbIX MeTOJ0B OblIa 4aCTUYHOM;

2) Tputon X-100 BbI3BIBAJ B CBeXXeil TKaHU I[IOJIHO€ CHECEHMe peariuy, Kak
npyu npuMeHeHuM wMeroaa [oMopmM Tak M JABYa30BBIX MeTOA0B. B duKCMpCOBaHHOM
TKaHuM peakuusa ['OMOPM ITOCTENeHHO yYMEeHbIajlach BIUIOTh K MCYE€3HOBEHMIO, COOT-
BeTCTBEHHO C yBeJMuyawllencs KOHUeHTpauuei AerepreHra. M Haobopor, aByas3o-
Bble peakKumu ObUIM ycujeHbl, 0COOEHHO NPy HU3KUX KOHLEHTpaLumAX;

3) Tect BureHCKoro ofHapyiKuBaeT PAaHHEe MOABJIEHME TIPaHYJIALMOHHON peak-
num (B mMeronax I'omopum m JABya30BbIX) B aHAIJIaCTMYECKMX OIYyXOJAX MJIM B pa-
JiIoOHaX C JereHepaTMBHBIMM M3MEHEeHUAMM, B TO BpeMA Korza B auddepeHnpoBaH-
HBIX OINYXOJIAX, KaK MEHMHIMOMBI, pa3jmTasd peakumA MNOABJIAETCA paHbllle TpaHy-
JIALMOHHOM.

OKoOHYaTeJbHbIe Pe3yJbTaThbl YKa3bIBAKOT, YTO Pa3JUThII MM TIPaHYJIAUMOHHBI
xapaktep KPR 3aBucur, B YCTAHOBJIEHHBIX YCJOBUAX, OT MCHOJIb30BAHHOIO Cy0-
cTpara.

O6GHapyskeHne pas3anToii peakuuM ABYa30BbIMM METOJaMM, M OCODEHHO B COCTOH-
HUM JIM30COMANILHOM WMHEePUMM, MOXKHO CYUTATh pPe3yJIbTaTOM ILIMTOIIJIa3MaTUYeCcKOi1

JIOKanM3alyy, HeJIM30COMAJIBHON|, BEPOATHO B 9SHAOMJIA3MATUYECKUM PETUKYJIIOM,
M cTano ObIThb — NIPOABJIEHMEM IIPOTPECCUPYIOIMX M3MEHEHMII B KJIeTKe.
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A. IVANOVA. 1. LOLOVA, S. BOJINOV, L. KARAGJOZOV

HISTOCHEMICAL STUDIES ON PITUITARY ADENOMAS
WITH REFERENCE TO TYPE AND CLINICAL PICTURE

Bulgarian Academy of Sciences, Research. Group on Localization of Brain Functions
Medical School of Sofia, Department of Neurology ISUL, Department
of Neurosurgery, Sofia, Bulgary

The different hormonal functions of the pituitary cells types are
associated with definite staining characteristics used as identification
criteria in light-microscopy. In addition, there are data concerning a cor-
relation between the enzyme-histochemical and biochemical characte-
ristics, and the hormonal activity of the pituitary cells (Pearse 1956,
Bleicher et al. 1961, Balogh 1962, Schreiber 1962, Sobel 1962, Fand,
Wattenberg 1963, Smith, Farquhar 1970).

The lack of an absolute staining specificity, on the one hand, and the
opinion of Furth and Klifton (1966) that ,the pituitary tumours might
be monomorphous in type but not monohormonal”, on the other hand,
made us undertake the task to establish: 1) whether there is any corre-
lation between the histological structure and the enzyme-histochemical
characteristics of pituitary tumours; 2) whether there exists a certain
correlation between the above mentioned criteria and hormonal activity.

’ MATERIAL AND METHODS

Biopsy material of 30 pituitary tumours was studied. The paraffin
sections, fixed in Zenker, Carnoy and 10% neutral formalin solutions,
were stained by hemalum-eosin, Mallory, Azan and PAS reactions.
Histochemical methods were applied in 17 of the tumours: on fresh and
fixed cryostat sections. They were used, to demonstrate: succinic-,
malic-, isocitric-, lactic-, glycerophosphate (NAD .and menadion)-, glu-
tamic-, beta-oxybutyric dehydrogenases, NAD- and NADP-diaphorases,
acid phosphatase, nonspecific esterase, beta-glucuronidase, N-acetyl-beta-
-glucosaminidase, alkaline phosphatase, aldolase. Lipids were stained with
Sudan IIT or Sudan black.
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RESULTS

The studied tumours (classified according to histological criteria) were:
23 chromophobe-, 4 mixed type-, 1 acidophilic-, 1 malignant adenoma and
1 infundibuloma.

Chromophobe adenomas, conformly to the monomorphous histological
pattern, were characterized also by a marked uniformity of reaction for
oxidoreductases. The reaction product was fine-granular, evenly distri-
buted in the cytoplasmic body. Seldom, larger mono- or binuclear cells
with more intensive, predominantly perinuclear reaction were observed.
Comparing the intensity, we could grade the reactions for the different
dehydrogenases and diaphorases as follows: NAD-diaphorase, glycero-
phosphate (menadion)-, lactic dehydrogenases, NADP-diaphorase, suc-
cinic-, dsocitric-, malic-, glutamic-, beta-oxybutyric-, glycerophosphate
(NAD) dehydrogenases. The tumoral parenchyma displayed moderate
uniform reactions for acid phosphatase and nonspecific esterase and
relatively weaker reactions for beta-glucuronidase and N-acetyl-beta-
-glucosaminidase. Only in the acid phosphatase reaction there was
a more intensive staining zone round the vessels and near the connective
tissue strands. The pericytes and some scattered cells, located mainly
around the vessels and close to connective tissue strands showed inten-
sive granular reaction for all 4 enzymes. The tumoral parenchyma was
negative when tested for alkaline phosphatase except to two cases: one
of them with patches of foetal type.

Histological investigation established in two chromophobe adenomas
circumscribed or rather large regions of cells with a relatively large
cytoplasmic body, with marked granular cytoplasmic reaction but with
no definite affinity for the staining agents (Fig. la). The reactions for
oxidoreductases were more intensive in these regions when compared
to the rest of the tumoral parenchyma (Figs. 1b and 1c). The reaction
for acid phosphatase was stronger in the perivascularly arranged cells
as compared with those in the small-cell regions (Figs. 2a and 2b). The
leading symptoms in the clinical picture of the patients of this group
were sight disturbances and/or increased intracranial pressure (with
corresponding changes in the sella turcica). In 3 cases there were indica-
tions of hypogonadism (amenorrhea, sexual impotence).

Two of the adenomas were classified as chromophobe with a transition
towards acidophilic. In one of them, the acidophilic cells were scarce
while in the second case, pathologically verified, these cells involved
whole regions and had a more typical structure (Figs. 3a and 3b). Giant
cells and cellular syncytia manifested themselves usually by a most
intensive reaction for oxidoreductases (Fig. 3c) and acid phosphatase

http://rcin.org.pl



Nr 2 Histochemistry of pituitary adenomas 263

(Fig. 3d). In addition, the rest of the parenchyma, even in the regions
with relatively monomorphous histological structure exhibited a marked
histochemical polymorphism both for the oxidoreductases and for the
hydrolytic enzymes with the exception of alkaline phosphatase. Clini-
cally, the first tumour caused apparent hormonal disorders (acromegaly,
sexual impotence) and minimal sight disturbances while in the second
tumour the sight disturbances were the leading symptoms in the absence
of any hormonal disorders whatsoever.

Four of the adenomas were classified as mixed type according to the
criteria of Tonnis et al. (1953) and Miiller (1954). Histochemically, this
group of tumours was characterized by a marked diversity of the oxido-
reductase activity, regardless of the cell size. On the whole, the reactions
for acid phosphatase and nonspecific esterase were more intensive as
compared with those in chromophote adenomas. The reaction for acid
phosphatase was centrally located in the larger cells. More pericytes
and round cells with intensive reaction for hydrolases were noted in
comparison with the chromophobe adenomas. Alkaline phosphatase acti-
vity was noticeable only in some of the vessels. Clinically, two mixed
type adenomas produced typical acromegalic changes, one was hormo-
nally inactive and one presented a Cushing-like syndrome. The latter
tumour had been twice operated upon in 2 years. At the first operation
the pattern was of a chromophobe adenoma of diffuse type with micro-
foci of moderate, predominantly nuclear, polymorphism (Fig. 4a). The
removed tumoral part at the second operation displayed fully the pattern
of a mixed adenoma (Fig. 4b).

The acidophil adenoma, clinically manifested by acromegaly, corres-
ponded histologically to the classic descriptions. No histochemical inve-
stigation was done owing to difficulties in the operation but later the
case was pathologically verified.

The peculiar histological structure of one adenoma provided grounds
to be classified as malignant. It consicted of oval cells of different size
with well lined borders. The nuclei vere light, vesicular. They had one
or more prominent nucleoli, eccentrically located. The nuclear membrane
was sometimes oddly undulated. Mifoses and cells with more than one
nucleus were very often observed The cytoplasm was homogeneous,
with well marked acidophilia. Among the cells just described small
undifferentiated cells with scarce cytoplasm, and one or more rich in
chromatin nuclei, were scattered or clustered (Fig. 5). There were no
clinical data for hormonal disorders but only 2 months later the tumour
produced full atrophy of the optic nerves followed by loss of sight.

The tumoral parenchyma of the infundibuloma (Fig. 6a) displayed
a high oxidoreductase activity except succinic dehydrogenase. The cel-
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lular bodies were uniformly filled with diformazan granules and the
processes could be followed for some distance (Fig. 6b). The pituicytes
with large cytoplasmic bodies, eccentrically located nuclei and long pro-
cesses gave the most prominent enzymatic reaction among the rest of
tumoral parenchyma, this being true especially for succinic dehydro-
genase. The reactions for lysosome enzymes were moderate in intensity
and when testing nonspecific esterase, the reticular structure of the
tumour could be seen. The large pituicytes were distinguished by a more
intensive and predominantly diffuse reaction for hydrolases. The alkaline
phosphatase reaction was rather intensive in the vascular walls and mo-
derate, almost diffuse, in the tumoral parenchyma. The tumour has
produced clinically sight disturbances but no hormonal disorders.

DISCUSSION

We noticed a number of peculiarities when comparing the results of
the present histological and histochemical study of pituitary adenomas.
In the first place a lack of any definite correlation between the histolo-
gical structure and the presence of hormonal disorders. Similar observa-
tions are reported by other authors (see Brilmayer et al. 1957, Marks
1959, Russel, Rubinstein 1963). Some tumours with an evident pattern
of acidophil adenomas and those of mixed type were hormonally inactive.
On the other hand, the tumour producing a Cushing-like syndrome with
a primary chromophobe structure proved to be a typical mixed one at
reoperation. On the one hand, this testifies to a possible transition or
emergence of one histological type of tumour into another, and on the
other hand, that histological criteria are insufficient for the evaluation
of a tumour as hormonally active or inactive.

Our study showed that the regions of large cells in chromophobe
adenomas differed in their enzyme activity from the remaining ones.
Provided we admit that an initial phase of differentiation of the chromo-
phobe cells specifically granulated ones occurs (Russel 1957); it might
be supposed that in the earliest stage of this process there is an increase
of the enzyme activity, especially of oxidoreductases.

Chromophobe tumours with histological signs of transition to acido-
philic or mixed types were characterized by distinct histochemical poly-
morphism. The more intensive reaction distinguished not only the giant
mono- or multinuclear cells, including those with eosinophil granules, but
also some of the smaller cells which showed characteristics of chromo-
phobe ones. This renders impossible the distinction of the different types
of adenoma cells on the basis of their oxidoreductase activity. These
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Fig. 1. Chromophobe adenoma. A) Area of cells with large cytoplasmic bodies.

Stain according to Mallory. X 396. B) Succinic dehydrogenase activity in a similar

area. X! 157. C) Succinic dehydrogenase activity in an adjacent area composed
of small cells. X 157.
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Fig. 2. Chromophobe adenoma: reaction for acid phosphatase. A) Large-cell and
B) small-cell regions. X 157.
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Fig. 3. Chromophobe adenoma with transition towards acidophilic one. A) Structure of chromophobe adenoma. Hemalum-
-eosin stain. X 157. B) Large cells with acidophilic granules in cytoplasm. Hemalum-eosin stain. X 396. C) Diverse in
intensity reaction for NAD-diaphorase. X/ 63. D) Intensikte [péaction Top) Acid phosphatase in cells of various size. X 63.
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Fig. 4. A) Chromophobe adenoma. Hemalum-eosin. stain. X/ 157. B) At second operation: pattern of mixed type ade-
noma. Stain according to Mallory. X 157. Detail: endocytogenesis.
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alignant adenoma. Hemalum-eosin stain. X 157.
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Fig. 6. Infundibuloma. A) Phosphotungstic acid-hematoxylin stain. X| 157. B) Inten-
sive NAD-diaphorase activity in tumoral parenchyma. X' 396
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results support the opinion of Pearse (1962) and Nasu (1964) and do not
correspond to the observations of Viale (1965) as regards higher oxida-
tive activity in the acidophil cells.

The results regarding the activity of the hydrolases in pituitary ade-
nomas are not uniform (Melchior, Micuta 1956, Buttger 1957, Feigin,
Wolf 1959, Nasu 1964, Bingas 1966, Hanefeld 1966, Sil 1970). Most authors
are inclined to admit that the hydrolytic enzymes are in closer relation
with the secretory activity of the adenoma cells. Our study also showed
clearly more intensive and more varied reactions for hydrolytic enzymes,
and especially for acid phosphatase in the transitional or mixed types.

However, this was true both for tumours producing hormonal disorders
and for the hormonally inactive ones.

A number of structural-functional correlations have been determined,
based on extensive detailed studies of the pituitary in man and expe-
rimental animals. These correlations are clearly disturbed in pituitary
tumours. The structure of the tumour, as a whole, and of the tumoral
cells, in particular, is subordinated to qualitively new laws — the laws
of blastomatous growth. The structural differentiation is in some cases
of a low functional value. On the other hand the presence of a specific
function in the absence of an adequate structure as well as the different
functions in apparently the same structures probably result from the
new subordination. The total data of the present study raise the question
how far is the enzyme activity related to each of these processes.

The results at this stage of our study do not provide grounds enough
to draw any definite conclusions for establishing additional histochemical
criteria for the classification of pituitary tumours.

A. Ivanova, 1. Lolova, S. Bojinov, L. Karagjozov

BADANIA HISTOCHEMICZNE GRUCZOLAKOW PRZYSADKI W ODNIESIENIU
DO TYPU I OBRAZU KLINICZNEGO

Streszczemnie

Na materiale biopsyjnym z 30 nowotworéw przysadki podjeto prébe wyja$nienia,
czy istnieje korelacja miedzy budowsg histologiczng i wla§ciwo§ciami histochemicz-
nymi gruczolakéw przysadki oraz czy istnieje korelacja pomiedzy kryteriami histo-
logicznymi i aktywno$cig enzymatyczng a zaburzeniami hormonalnymi i objawami
klinicznymi.

Badany material obejmowal 23 gruczolaki barwnikooporne, 1 kwasochtonny,
4 typu mieszanego, 1 zlo§liwy gruczolak, 1 guz lejka.

Migzsz gruczolakéw barwnikoopornych wykazywal do$é jednorodng aktywno$é
enzymbéw oksydoredukcyjnych o réznym nasileniu odczynu, zaleznie od rodzaju
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enzymu, réwniez umiarkowana byla aktywno$§é hydrolaz. U wigkszo$ci pacjentdw
wystepowalty zaburzenia wzroku, u 3 tylko hipogonadyzm. W dwu przypadkach
gruczolakéw przejsciowych wystepowaly réwniez komérki kwasochlonne, a obraz
histochemiczny byl urozmaicony. U jednego pacjenta obserwowano akromegalie,
impotencje, zaburzenia wzroku, u drugiego wystepowaly jedynie zaburzenia wzroku.

Cztery gruczolaki typu mieszanego odznaczaly sie wybitnymi réznicami w aktyw-
noé$ci enzymoéw oksydoredukcyjnych i aktywnos$cig hydrolaz wyzsza miz w gruczo-
lakach barwnikoopornych. Klinicznie dwa przypadki wykazywaly akromegalig,
1 zesp6t Cushinga, 1 byl nieczynny hormonalnie.

Przypadek czystego gruczolaka kwasochlonnego z akromegalia nie byl badany
enzymatycznie, podobnie jak gruczolak zloSliwy. Guz lejka wykazywal wysoka
aktywnos$é oksydoreduktaz.

Na podstawie przeprowadzonych badan stwierdzono brak korelacji pomiedzy
strukturg histologiczng guzéw i obecno$cig zaburzen hormonalnych.

Niektore z guzéw byly nieczynne hormonalnie, w innych rodzaj zaburzen hormo-
nalnych nie odpowiadal budowie histologicznej. Wydaje sie réwniez niemozliwe
odréznienie typéw komorek gruczolak6w na podstawie aktywnosci oksydoreduktaz.
Hydrolazy wydaja sie by¢ aktywniejsze w typach przejSciowych i mieszanych
zar6wno w gruczolakach czynnych hormonalnie, jak i nieczynnych.

A. VisanoBa, M. Jlosnosa, C. Boxunos, JI. Kaparéson

TUCTOXUMMYECKME UCCIEIOBAHUS ATEHOM TI'MIIO®U3A 1O OTHOIIE-
HMIO K TUIIY U KJIUMHUYECKO KAPTUHE

Pe3oMme
Ha OwomncmorHoM wmartepmadte, B3AToM m3 30 omyxouseit runodusa, 6buia npeg-
1IIPMHATA TIONBITKA BBIACHUTH CYLECTBYET JIM KOPPEeNAUMA MEKAY TI'MCTOJOrMYecKUM
CTPOEHMEM U TUCTOXMMMYECKMMM CBOMCTBAMM ajJeHOM Iumodwusa, a Takxke — uMme-
ercA 7 KOPDEJNANMA MEeKAY TMCTOJOTMYECKMMM KDUTEPUAMM U  SHIMMATIIECKOH
'9KTMBHOCTBIO @ TYMOPaJbHBIMI HapyLWEeHNAMN U KIMHUYECKMMM CUMIITOMAMN.

Mcecnencsannblyi MaTepual OXBaThIBasd 23 XPOMOPE3MCTEHTHbIE ajeHoMbl, 1 aim-
A0MMIBLHYI0 afeHomy. 4 CMeIIaHHOro Tuma, 1 3JI0KayeCTBeHHYK ajeHoMy u 1 omny-
XOJIb BOPOHKII.

ITapenxumMa XpOMaTOPE3UCTEHTHBIX aJeHOM OOHApPYzKKBalla BeCbMa GAHOPOAHYO
AKTUBHOCTh OKMCAUTEJIbHO-BOCCTAHOBMTENBHBIX SH3MMOB € Pa3HO MHTEHCUBHOCTBLIO
PeaKimMy B 3aBMCHMMOCTM OT BMAQ 9H3MMa. YMEpPeHHOM ObLIa TakiXe aKTMBHOCIH
ruaposaz. Y OGONBUIMHCTBA ITAIMEHTOB MMEJNUCh HapyLIeHMsl 3PeHMdA; y 3 TOJIbKO
rUmoroHaau3M. B 2 cayuaax obHapyRuBaIuch auMAo@MIbHbIe KJIETKM M TUCTOXM-
MMU4YecKasd KapTuHa Obina pa3HooOpasHoit. ¥ 1 manmeHra Habamojanack akKpoMmera-
JINA, MMNOTEHUMA M HapyLIeHMs 3PeHuA; y BTOPOTO MMEJNUCh TOJbKO HapYIIEHMU:
3peHu.

Yerbipe ajeHOMbl CMEIIAHHOTO THUIMA OTIMYAINCh BBIJAIOIIMMMUCA pa3HULAMU B
AKTUBHOCTY OKMCJIMTEJIbHO-BOCCTAHOBMTEJILHBIX SH2MMOB M BBICIIE) AaKTUBHOCTBHIO
TUAPOJIa3 YeM B XPOMOPE3MUCTEHTHLIX ajeHomMax. KimHuyeckm naBa ciayuas obHapy-
JKMBanm akpomerammio, 1 — cunapom Kammmra m 1 6611 ryMopasibHO HeaKTMBEH.
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Caydait 9mcroil aumgoduUIbHOM aAeHOMbl C aKpoMerajmei He MCCIeA0BaJICcA
9H3UMMATUYECKM, TaK KaK M 3JI0KadyeCTBEeHHadA ajeHoMa.

OnyxoJb BOPOHKM OOHapyzKmBaJia BBICOKYI0 AKTUBHOCTB OKCUIOPEAYKTas.

Ha ocHoBaHuM IPOBEJEHHbIX MCCJIEJ0BaHMA ObLIO OODHApPYKEHO OTCYTCTBil€ KOP-
penAnmM MeKAY THUCTOJOIMYECKON CTPYKTYPOM OIMyXoJieil ¥ HaludueM TIyMopaib-
HbIX HApPyLIeHM.

Hexoropbie M3 OmyxoJieil ObLIM TyMOPaJbHO HEAKTUBHBI, B APYIMX — BUJ TyMO-
pajbHBIX HAPYIUEHMII HE COOTBETCTBOBAJ TMCTOJIOTMYECKOMY CcTpoeHmio. Kazkerc:
TAaKIKe HEBO3MOXKHBIM OTJMYEHME TUIIOB KJIETOK aJJeHOM Ha OCHOBAHUM aKTUMBHOCTH
orcupopeaykTas. I'maposassbl KaxyTca ObITh 0ojiee aKTMBHBIE B ITEPeXOAHBIX M CMe-
UIAHHBIX TUIAX, KaK B TYMODPaJbHO AKTMBHBIX TaK M B TyMOpPaJbHO HEaKTUMBHBIX
aZleHOMaXx.
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D. FELICETTI, U. BONK, C. COUTELLE, R. COUTELLE, F. W. RATH, F. TRAUB

EXPERIMENTAL INVESTIGATIONS ON INVASIVE TUMOUR
GROWTH

Institute of Pathology, Martin-Luther-University Halle,
Robert-Rossle-Clinic of DAW Berlin, DDR

The invasive growth — infiltration and destruction of the surrounding
host tissue is a main characteristic of a malignant tumour. Therefore
a detailed knowledge of this process is very important for the interpre-
tation of malignancy. At present there are two contradicting conceptions:

1) The infiltrating tumour cells prepare or facilitate the invasion by
leakage or secretion of enzymes, which break up the surrounding host
tissue (we mention the so called "spreading factor” — Dontenwill 1955;
Grossfeld 1961) and proteolytic enzymes (Sylven, Malmgren 1957).

2) The tumour destroys the surrounding tissue only by its growth
pressure. The destruction of the surrounding tissue therefore is the result
of the tumour spread (Coutelle et al. 1969; Rath et al. 1969).

A team led by C. Coutelle tried to come nearer to the solution of this
bias with light- and electron-microscopical, histo- and biochemical me-
thods. The transplant of Ehrlich ascites carcinoma into the mouse brain
served as model for invasive growth. It grew without interfering
lymphocellular reaction to a solid tumour with immediate contact
to surrounding brain tissue. The results obtained have been already
published (Coutelle et al. 1969, 1970; Rath et al. 1969; Bonk et al. 1969;
Felicetti et al. 1970). Some of the biochemical investigations will be
presented here:

With a freezing microtome the mouse brain was cut into 100 w thick
horizontal slices. From these 3 areas of the tissue were separated: tumour,
tumour surrounding and normal brain tissue from the contralateral tu-
mour free hemisphere. In these we determined the activity of 4 trans-
ferases, 1 oxydoreductase, 3 hydrolases and 10 proteolytic enzymes (Cou-
telle et al. 1970; Felicetti et al. 1970). Some enzymes have a higher, some
a lower and a few the same activity as the normal brain tissue.

To exclude methodical errors we performed the following controls:
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1) Removal of remaining tumour cell-nests in the tumour surrounding
by microdissection. The obtained values of this almost tumour cell free
preparation did not differ from these obtained with the above described
method (Coutelle et al. 1970; Felicetti et al. 1970).

2) With hemoglobine as test substance was shown that no diffusion of
macromolecules takes place during the preparation of the tissue slices.

In order to decide, if the elevated enzyme activities in the surrounding
brain tissue were not due to the presence of enzymes originating from
tumour tissue, we tried to find destinguishing characteristics of some
enzymes of cancer cells and normal brain tissue. The amino acid arylami-
dase and the P-glucuronidase activities which were significantly ele-
vated in the tumour surrounding brain tissue compared with that of
normal brain were chosen for examination of their isoenzyme pattern.

For the characterization of the arylamidases (Felicetti 1971) mouse
brains (excluding cerebellum) were homogenized in Tris-HCIl buffer with
adden Triton X 100, centrifuged and filtrated on Sephadex G 200 column.
Ascites tumour cells were treated in the same manner. The arylamidases
of each of these two tissues came down from the column in two fractions
which were then tested for their substrate specificity, their reactivity
to inhibitors and activators and the hydrolytic dependency from tempera-
ture. The fractions 1 behave differently from fractions 2, but on compa-
ring each of these two fractions from the brain and from the EAC cells
no significant differences could be stated. Neither was it possible to find
any differences between the isoenzymes pattern of pf-glucuronidase from
mouse brain and from EAC cells (Coutelle, Rosa 1971). Therefore these
experiments were of no use for the assessment of the origin of these
enzymes.

Combining the results of our investigations with the different above
mentioned methods we conclude that in our model the alteration of the
tumour surrounding tissue found with morphological methods is not due
to tumour enzymes but caused by pressure of the growing tumour and
circulatory disturbances following its perivascular spread.

D. Felicetti, U. Bonk, C. Coutelle, R. Coutelle, F. W. Rath, F. Traub
BADANIA DOSWIADCZALNE NAD INWAZYJNYM WZROSTEM GUZOW
Streszczenie

Inwazyjny charakter wzrostu guzéw byl badany na przeszczepach Ehrlich ascites
carcinoma do mézgu myszy przy uzyciu réznych metod.

Badania nie dostarczyly dowodu, Ze zmiany w tkance gospodarza otaczajacej no-
wotwér byly wywolane przez enzymy pochodzace z komoérek guza, natomiast byly
one spowodowane przez ucisk rosngcego guza i zaburzenia naczyniopochodne.
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. ®emmuerty, Y. Bouk, II. Kyreaa, P. Kyrenn, &. Par, ®. Tpayb

OKCIIEPMMEHTAJIBHBIE MCCJIEJOBAHUSA MHBA3SVMOHHOI'O POCTA
ONIYXOJEN

Pe3zwomMme

VIHBa3MOHHBIA XapaKTep pocTa OIyXoJieli MCccJefoBaJjicd Ha TPaHCIJIAHTaTax

Ehrlich ascites carcinoma B MO3r MbIIIM NPV KCIOJIB30BAHMUM NA3HBIX METOJOB.

VccnenoBanma He Jajay AOKa3aTelbCTBa, YTO M3MEHEHMUd B TKaHU X03AuWHA,

OKpyIKarllleil OIyXO0Jb, ObIIM BbI3BAaHbI 9SH3UMaMM, MPOUCXOAALIMMM K3 KJIETOK
OITyXOJIM. a TIO3BOJIMIM 3aKJIIYNTh, YTO 3TM M3MeHeHMA OblIM oOyCJIOBJIEHBLI JaBJe-
HIEM pacTylileil ONyXONMM M COCYAMCTBIMM HapPYLIEHUSAMM.

10.
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GANGLIA, SYMPATHETIC GANGLIA AND IN PERIPHERAL
NERVES OF VARIOUS ANIMALS
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Director: Prof. Dr. W. Kriicke

Sheath cells around nerve cells in peripheral ganglia are not recogni-
zable as a special type of cell with usual methods of histology. The
mantle cells (satellite cells of the English literature) and the Schwann
cells are said, according to light and electront microscopic findings, to
have the same function and structure (Scharf 1958; Peters et al. 1970).

It is the purpose of this report to draw attention to the differentiation
among the various types of sheath cells in the peripheral nervous system,
and to their metabolic properties. Glial cells in the central nervous system
are different from these cells in many respects, and have to be considered
seperately. They are not discussed in this paper except for a special type
of active glia around motor neurons in the spinal cord.

The layer of mantle cells around a sensory ganglion cell forms a closed
unit separating this cell (with its one pseudounipolar neurite) from the
rest of the tissue. The amphicytes *) in the sympathetic ganglia lie in
a ’plasmodium” between the ganglion cells thus enwrapping these nerve
cells and their multipolar processes. .

As to Schwann cells, two types can be discerned histochemically, i.e.
the Schwann cell of the Remak fiber bundle enwrapping several un-
myelinated axons, and the Schwann cell around an internodium of the
myelinated fiber.

*) This name was selected in order to distinguish them from ,interstitial cells”
as they are called sometimes in the Anglo-American literature. Interstitial cells are
cells in the so-called terminal reticulum (vide Stohr 1957, p. 119).
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Enzyme histochemistry has shown that sheath cells are active in many
respects and have outstanding metabolic capabilities. This is especially
so for alkaline phosphatase. Some other hydrolytic enzymes, which play
likewise a role in these sheath cells are also considered. Of the oxydative
enzymes we took a-glycerophosphate menadione tetrazolium reductase
because this enzyme is localized preferably extraneuronally and is active
in the mantle cell (Thomas, Pearse 1961).

MATERIAL AND METHODS

The species examined were: man, rhesus monkey, mandrill, dog, Viet-
namese pig, cat, rabbit, lynx, mink, rat, mouse and frog.

The material studied was: dorsal root ganglia from man and all species
mentioned; peripheral spinal nerves from most of the species mentioned;
and sympathetic trunk with sympathetic ganglia from man and a man-
drill.

The material was cut unfixed with a cold microtome. For the hydro-
lytic enzyme reactions the sections were dried at room temperature for
at least 24 hrs.

The enzymes examined as described by Pearse (1960) were: 1) a-gly-
cerophosphate menadione tetrazolium reductase (no coenzyme); tetrazo-
lium salts: MTT or Nitro BT. 2) Adenosine triphosphatase (after Padykula
and Herman), incubation time 5 to 45 min. 3) Butyryl-cholinesterase
(Koelle method, modified by Gomori); substrate butyrylthiocholine iodide;
incubation time 30 min. or longer. 4) Indoxylesterase (after Holt and Wit-
hers), substrate 5-bromo-4-chloro indoxylacetate, incubation time 30 min.
or longer. 5) alkaline phosphatase, azo-dye coupling method (after Bur-
stone), with naphthol AS-TR phosphate and fast blue VB salt, incubation
time 5 min. to 45 min. Sometimes the Gomori calcium cobalt method was
applied too.

RESULTS

1. o-glycerophosphate menadione tetrazolium re-
ductase («GlyPO4D). In the spinal ganglion this enzyme is highly ac-
tive in mantle cells. The large nerve cells of many animals are negative
or less active than are the mantle cells (Fig. 1a). But in the cat these large
nerve cells contain more enzyme than the mantle cell units. In the pig
mantle cells were negative or only very slightly reacting, but the nerve
cells stained well in this animal.
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Fig. 1. a-glycerorhosphate menadione tetrazolium reductase, a—c — reaction with

Nitro BT, d — reaction with MTT, a — dorsal root ganglion, dog; the enzyme reac-

tion is seen in the mantle cell units around the large nerve cells, X 40, b — symp-

thetic ganglion, mandrill; some reaction lies in the amphicytes, but the nerve celis

are by far more active; the nerve at the left is negative, X' 250, ¢ — Vietnamese

pig, <pinal nerve; the enzyme reaction is visible only in the juxtancdal processes
of the Schwann cells, X 140.
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Fig. 1d. — monkey (pygathrix maemeus), spinal cord, longitudinal section; very
active areas mostly around motor neurons, probably belonging to glial cells are
evident, X 70.

Fig. 2. Adenosine triphosphatase, incubation time 45 min. Dog, dorsal root ganglion.
The enzyme reaction lies between the mantle cell units and in the mantle cells.
1t is higher around the large nerve cells, X 320.
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Fig. 3. Sympathetic ganglion, mandrill, a — butyrylcholinesterase, incubation time

45 min; the amphicytes contain the enzyme; a very faint reaction is seen along the

nerve on the left, X 250, b — indoxylesterase, incubation time 60 min.; the esterase

is located in amphicytes, nerve cells and their processes; the nerve on the left is
only very weakly stained, X 125.
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Fig. 4. Alkaline phosphatase, azo-dye coupling method, incubation time 10 min.

“Sympathetic ganglion, mandrill. Amphicytes contain much aPase, as do the endo-

thelial cells. Nerve fiber bundles with Schwann cells lying in the ganglion are
negative, X 60.
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In the sympathet#c ganglia amphicytes are less active than are nerve
cells, but they show some enzyme activity (Fig. 1b).

In the spinal nerves, especially well in the pig, a juxtanodal activity
in the Schwann cells of myelinated fibers is to be seen (Fig. 1c). No
activity is seen around the Schwann cell nucleus where other dehydro-
genases are present. In the Remark fiber bundles after prolonged incuba-
tion time there is a very low overall activity e.g. in the rat. This activity
is increased in the proximal stump after a nerve lesion. Finer structural
details are not recognizable with the light microscope.

In the central nervous system, namely the spinal cord, enzyme accu-
mulations in the form of relatively large active spots were seen especially
in the dog, but also in other animals and man. These are around motor
neurons (Fig. 1d). We assume that they belong to a special type of glial
cell. Staining is more pronounced with the tetrazolium salt MTT than
with Nitro BT. With the latter, the difference to an active neuropil is
no longer o striking.

2. Adenosine triphosphatase (ATPase) is active in many
places in the peripheral nervous system. Our results are consistent with
those of Novikoff et al. (1966). :

It may be added here, that in the dog the activity in the mantle cell
units differs from one to the other (Fig. 2). Amphicytes contain ATPase
in equal amounts. In unmyelinated fiber bundles one cannot decide by
light microscopy where the strongly positive reaction product lies in the
fine structure. Around some myelinated fibers one sees positive sheaths;
these seem to be more often present in primate than in other animals.
The same fiber may have a negative sheath in other parts of their length.

3. Butyrylcholinesterase (BChE) is located in mantle cells.
The activity is different in the various species, but often is high (Table 1).
Amphicytes contain BChE (Fig. 3a). Along the nerve fiber bundles in
the sympathetic ganglion one sees a weak overall activity and in the
truncus sympathicus additionally some more active strands are visible.
One cannot decide with the light microscope whether the reaction is due
solely to the Schwann cells or to the axons as well.

In the spinal nerves some small positive bundles run along the nerve
and one can assume that these are Remak bundles. Stained strands of
various length are also seen and they seem to be Schwann cell prolon-
gations enwrapping myelinated fibers. The sheaths of most of the fibers
were negative.

There are animals (pig), where only a very weak reaction was detec-
table after 20 hours of incubation. No activity was seen around Ranvier
nodes. Single fibers of the nerve of a mandrill and a rabbit exhibit over
a short distance activity in the Schmidt-Lanterman incisures.
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Table 1. Enzyme Activity in Mantle Celfs

i aPase ATPase | BChE IE aGlyPO.D
|

W b e R B TR L T
Rhesus monkey -+ + : - 4=
Mandrill e o oL < i
Dog * ¥ l %- + g
Pig o 4 e (ot PR ()
Cat + <N - () | (+)
Rabbit = N ] L i [ +
Lynx + 4 s + 1
Mink ¥ B4 i + |
Rat (+) A : + )
Mouse + 1 e ;some(—{—)}
Frog (-+) (+) = e |

-+ present

(+) weak, present after prolonged incubation

— negative

4. Indoxylesterase (IE). In this enzyme activity considerable
species differences exist, as is shown for the mantle cells in table 1. These
differences seen in the mantel cells also exist in ganglion cells, which are
active in the ganglions of the mink and the frog, but not in the dog. The
amphicytes contain IE (Fig. 3b). The results in the Schwann cells were
the same as for BChE.

5. Alkaline Phosphatase (aPase). This enzyme is most stri-
king in respect to the high activity in the mantle cells and in the amphi-
cytes. There was a very pronounced and rapid hydrolytic reaction in the
mantle cell units of spinal ganglia of all species examined. Differences
in the activity from one mantle cell unit to another were observed in the
pig and the dog; higher activity was located around the bigger nerve
cells. No Schwann cells were stained in the sensory ganglia.

In the amphicytes a very strong aPase activity is seen (Fig. 4). There
are areas in the ganglion with high enzyme concentrations and other
areas where amphicytes are not so active. Schwann cells also in sym-
pathetic ganglia were not stained.

It was only in the peripheral spinal nerves of some animals that what
was assumed to be Remak fiber bundles reacting positively (Table 2).
In most animals studied no reaction was seen. Likewise, only in the
Schmidt-Lanterman incisures of some animals aPase was seen. In the
rat, our results were inconsistent. But a high activity developed in irre-
gular incisures along single fibers in what was assumed to be a retrograde
reaction after a peripheral nerve lesion.
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' | Schwann cell of myeli-
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DISCUSSION

Enzyme activity in mantle cells for a-glycerophosphate menadione te-
trazolium reductase (Thomas, Pearse 1961), nucleoside phosphatases (No-
vikoff et al. 1966), butyrylcholinesterase (Koelle 1950), indoxylesterase
(Thomas 1963) and alkaline phosphatase (Shimizu 1950) has been repea-
tedly reported in the literature. The amphicytes are likewise enzymati-
cally very active in their hydrolytic capabilities and they seem to be
a comparable kind of sheath cell in the sympathetic ganglia to the
mantle cell in the sensory ganglia. With the oxidative enzyme aGlyPO4D,
however, they are not comparable. Only the mantle cells (of many spe-
cies, not all) seem to be more active than the nerve cells, but the amphi-
cytes in the rat are less active than are the autonomic nerve cells (Har-
konen 1964) and we observed the same in the mandrill.

Gomori (1941) has shown that there exist species differences in aPase
activity in the amphicytes. The mantle cells of all species studied con-
tained this enzyme generally in high concentrations. In some species it
was more active in the units round the large nerve cells. The same is the
case for ATPase. With the electron microscope Matsuura et al. (1970) de-
scribed aPASE in some “dark’” mantle cells of the trigeminal ganglia of
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the rat in the endoplasmic reticulum, on ribosomes, and on/or between the
membranes of both nerve cells and mantle cells and their interdigitations.

In unmyelinated fiber bundles, Schwann cells exhibit relatively low
but distinct activities for BChE and IE. The enzymes are found along
the whole length of the Remak fiber bundles. In Schwann cells around
myelinated fibers activity, if seen at all, is restricted to cytoplasmic
areas around the nucleus and to strands of cytoplasm lying along the
internode or juxtanodally. Very seldom and inconsistently we saw BChE
in Schmidt-Lanterman incisures of single fibers. This localization does
not seem to be the rule, or our methods are too crude to detect a small
activity. APase on the other hand can be seen very well in the incisures
(Pinner et al. 1964). Here we assume thet species differences are respon-
sible for the variety of findings. The inconsistency of a positive reaction
in the rat under standardized preparation procedures suggests a different
behaviour at these incisures under different circumstances. A dynamic
point of view as to their enzyme content seems justified also because
under pathologic conditions these incisures can become very active for
alkaline phosphatase.

In the Remak fiber bundles aPase was seen in the dog, and the mink,
but with the light microscope one is not absolutely sure where the
reaction really lies. In the rabbit the finding was sporadic and in the
other species examined there was no activity seen in the Schwann cells
around unmyelinated fibers. Thus, for aPase we can state that the sheath
cells around axons behave different than those around neurons.

As the function of aPase is not known one can only speculate about
its role in the mantle cells and the amphicytes. Involvement of aPase
in transport processes is discussed in the literature (Cohen 1970). The
localization of aPase seems to justify this idea. But for the sheath
cells in the peripheral nervous system we have to consider other functio-
nal roles also. The activity of non-specific cholinesterase and of indoxy-
lesterase may be interpreted as a measure of protection of the non-neural
tissue against products of the neural parenchyma. Here, species differen-
ces confront us with difficulties in interpretation.

Other specialized cells bordering the nervous tissue as a whole seem
to have partly similar functions to the sheath cells; these are the perineu-
rium cells and the arachnoidal cells which can contain aPase too in high
quantities. But here again species differences (Hennig 1972) render in-
terpretations very difficult. Only for the mantle cells there seems to
exist a broader morphologic principle from a phylogenetic point of view
because these cells were positive for aPase in all the species so far
examined. This seems important to state for this kind of cell, because
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here we studied the same animals which can give negative results in
the other cells mentioned.
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HISTOCHEMIA ENZYMATYCZNA JAKO CZYNNIK ROZNICUJACY CHARAKTER
KOMOREK OSEONKOWYCH (SATELITARNYCH), AMFICYTOW I KOMOREK
SCHWANNA WELOKIEN BEZMIELINOWYCH I MIELINOWYCH W ZWOJACH
MIEDZYKREGOWYCH, ZWOJACH WSPOLCZULNYCH I NERWACH
OBWODOWYCH U ROZNYCH GATUNKOW ZWIERZAT

Streszczenie

Oznaczono aktywno$é reduktazy menadion a-glicerofosforanu, adeninotréjfosfa-
tazy, butyrylcholinesterazy, esterazy indoksylowej i monofosfatazy zasadowej w ko-
morkach ostonkowych nerwéw obwodowych u roéznych gatunkéw zwierzat.

Komorki ostonkowe zwojow czuciowych i amficyty zwojow wspéiczulnych wy-
kazujg nieoczekiwanie wysoka aktywno$§é wiekszo§ci badanych enzymow.

Komorki Schwanna otaczajgce bezmielinowe widékna réwniez wykazujg aktyw-
no$¢ enzymatyczng, lecz u wiekszo$ci badanych gatunkéw zwierzat brak aktyw-
no$ci moncfosfatazy zasadowej. W komoérkach Schwanna otaczajgcych widkna mie-
linowe aktywno$¢ enzymatyczna niektéorych enzymow czasem wystepuje tylko ognis-
kowo w miejscach przewezen Ranviera i weie¢ Schmidt-Lantermana.

Zrbéznicowanie enzymatyczne pozaneuronalnych elementéw tkankowych jest
znacznie wieksze u réznych badanych gatunk6éw zwierzecych, niz mozna by ocze-
kiwaé na podstawie identycznych obrazéw morfologicznych.

Autor wysuwa przypuszczenie, ze aktywno§é enzymatyczna komoérek ostonkowych
jest zwigzana przynajmniej cze$ciowo z zabezpieczeniem tkanek potozonych poza
neuronem. Poniewaz z punktu widzenia histochemicznego komorki ostonkowe i am-
ticyty ro6znig sie od siebie czynno$ciowo, wydaje sie uzasadnione utrzymanie odreb-
noéci ich momenklatury. Komérki Schwanna, natomiast, nalezy traktowaé jako
jeszcze inng postaé komorek, pozostajgcych w S$cistej zaleznoéci od wibkien przez
nie otaczanych.

E. Tomac

-

SH3UMATUYECKAA TUCTOXMMUA KAK SPAKTOP [AUPDPEPEHIMPYIO-
N1 XAPAKTEP CATEJIUTHBIX KJIETOK, AM®UIUTOB U KJIETOK
IIBAHHA BE3BMMEJMHOBBIX UM MUEJJMHOBBIX BOJOKOH B MEXKIIO3-

BOHOYHBIX TAHIIMAX, CUMIIATUYECKUX Y3JAX U NEPUPEPUYECKUX

HEPBAX ¥ PA3HBIX BUJIOB 2KMBOTHBIX

Pe3womMme

Onpenensinack akKTMBHOCTbL PEAYKTa3bl MEHaAMOH o ramuepodocdara, ajgeHMH-
Tpucdocdartaspl, OyTUMPMIXOJMHICTEPA3bl, WHAOKCWIIOBOJ 3cTepa3bl M OCHOBHOIT
moHodocdarasbl B KJIeTKaX 000J04ky mnepudepuyecKMx HEPBOB pPa3HbIX BUAGCE
JKVBOTHBIX. '
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Kunetkn 00OOJOYKM YyBCTBUTENBHBIX TaHIIMEB M aM@UIIUMThl CUMIIATUYECKI1X
Y3JI0B OOHApPYy:KMBAIOT HEOKMUAAHHO BLICOKYI) aKTMBHOCTH OOJIBIUMHCTBA MCCIER0-
BaHHBIX 3H3MMOE.

Kuerkn HIsanHa, oKpyalme 0e3MyeInHOBble BOJOKHA TaKKe OOHApyMKMBaIOT
SH3MMATUYECKYI aKTUBHOCTH, HO y OOJBIUMHCTBA MCCIEAOBAHHBIX BUIOB KMBOTHBIX
OTCYTCTBYET aKTMBHOCTH OCHOBHOM wMoOHOodocdara3sbl. B Kiaerkax IlIBawHa, OKpy-
JRAIOIMX MUCJMHOBbIE BOJOKHZ SH3MMAaTMUecKas AKTMBHOCTH HEKOTOPBIX 9SH3UMOB
OOHapyIKMBaeTCs WHOrJAa TOJBKO odaraMy B MECTax MepeTAkeK PaHBbe M BbIPE30OK
HIvuar-JiaarepmaHa.

Ousumarndeckana audpdepeHunanmAa BHEHENPOHHLIX TKAHEBbIX 9SJIEMEHTOB 3Ha-
YUTEJBbHO OOnbule, y Pa3HBIX MCCIEAOBAHHBIX BUAOB IKMBOTHBIX, 4YeM MOXKHA Obl
STOTO OXKMAATL Ha OCHOBAHMM WAEHTUYHLIX MOP@OJOTMYECKMX KapTHH.

ABTOp MOJIara€T, 4YTC ISH3MMATH4YECKasA AaKTUMBHOCTb KJIETOK HEPBHBIX 000J04YeK
0 KpalHeil Mepe 4YacTUYHO CBA3aHa ¢ cbecriedeHMEM TKaHei HaXOAAIMXCA BH?
HelipoHa. TakK KakK € IMCTOXMMMYECKOM TOYKM 3pPEHMA KJIeTKM HEPBHBIX O0D00J04YeK
M aM(@UIMTBI OTAMYAIOTCA 0T ceda (PYHKUMOHAJBHO KarkeTcsd O0DOCHOBAHHBIM COXPAa-
HEeHMe He3aBMUCUMMOCTM MX HOMeHKJatypbl. Kiaetku IIIBanHHa, 3aT0, CjlcayeT paccma-
TPpMBATh Kaxk elle APYroil BuA KJETOK, OCTAIOIUMXCA B TECHO! 3aBUCUMMOCTM OT
HEPBHbBIX BOJOKOH.
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II. REACTIVE GLIA
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Tumour growth in the CNS produces changes in the surroundings
of the tumour, resulting from its action upon the tissue. In connection
therewith, we examined both the tumour and the surrounding glia, in
particular at the line of junction of the tumour infiltration to the normal
tissue. A so-called "uncertain region” can be distinguished within the
region of infiltration, the intensity and diversity of the former being
significant both for estimating the neoplastic growth and for checking
its complete removal. This transitory region can form a subject of stu-
dies on the changes occuring in the surroundings and on the reaction
of the tissue on tumour infiltration.

Since morphologically the tumour-surrounding glia differs only sligh-
tly — if at all from the reactive glia contacting the other — non neopla-
stic — pathologic processes, the examination of the former meets with
considerable difficulties. The morphological methods turned out to be
insufficient for distinguishing the uncertain region from the changes
occuring around the tumour.

The histoenzymatic studies (Kaluza 1970, Rubinstein et al. 1962, Schif-
fer et al. 1965) revealed a difference between the normal and tumour-
-surrounding reactive glia as to the activities of some respiratory enzy-
mes. On the other hand, as may be concluded from the studies on functio-
nal protein groups (Szydlowska 1970b), the intensity of reactions
for NH,, COOH and SH groups in the reactive glia varies from one
pathologic process to the other. Furthermore, both the intensity of the
reactions and their localization in the reactive glia differ from those
in the neoplastic glia (Szydtowska 1970a, 1970c).
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The connections of the metabolism of amino acids with the Krebs
cycle, as well as the high enzymatic activity of reactive astrocytes,
prompted us to study comparatively the activities of same oxidizing-
-reducing enzymes and the functional protein groups.

MATERIAL AND METHODS

For histochemical studies of enzymes and functional protein groups,
human material has been used. Samples of tumours and surrounding tis-
sue were taken at surgery. The samples for histoenzymatic studies were
immediately frozen in dry ice. Slices of 15 micrones were cut in a kryo-
stat, dried at room temperature and stored at —4° — 0°C.for not longer
than 24 hrs. The histoenzymatic reactions were carried out under stan-
dard conditions (incubation time — 45 min., temperature — 25°C) acc.
to Nachlas et al. (1958) using Nitro-BT as indicator. Incubation was stop-
ped by transferring the samples into 4% formaldehyde solution. Samples
were embedded in glycerol gel.

The following enzymes were investigated: lactate dehydrogenase (LDH),
isocitrate dehydrogenase, succinate dehydrogenase, glutamic dehydroge-
nase, malonic dehydrogenase as well as NADH and NADPH — dependent
terazolium reductase.

The material designated for histochemical investigations on functional
protein groups was fixed in Carnoy solution (6 : 3:1) at —4°C for 6 hrs.
Thereafter the samples were transferred into absolute alcohol, cooled
to —4°C, for 24 hrs. Following that, they were passed through
methyl benzoate with celloidine and rapidly embedded in paraffin. The
thickness of the slices was 5—7 microns. The NH2 groups were detected
by reaction with ninhydrine and Schiff reagent, after Yasuma and Itchi-
kawa (1953). The control experiments were performed on samples deami-
nated with a mixture of 10% acetic acid and 5% aqueous solution of
sodium nitrite for 24 or 48 hrs at —4°C (Pearse 1960). For identification
of amino acids with free NH2 groups, reaction with 1% solution of DNFB*)
in 90% alcohol was performed for 16 hrs at room temperature. The COOH
groups were visualized with the method of Barrnett and Seligman (1956,
1958). Reactions were carried out on two series of samples. One of them
was previously passed through a solution of sodium bicarbonate in order
to show exclusively the C-terminal carboxylic groups. In the other
series, which was not washed at all, the COOH groups of the radicals
of dicarboxylic acids could be revealed in addition (Karnowsky, Fas-
man 1960).

The control samples were methylated before the reaction in 1% solution
of HCI in methyl alcohol for 1 hr at 60°C (Lillie 1958).
~ *) DNFB — Dinitrofluorobenzene
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The SH groups were detected on the basis of the mercaptan reaction
with a method of Bennett (1951) in a modification of Szydlowska et al.
(1967). The SH groups in the control samples were blocked before the
reaction with 0.1 M N-methylmaleimide solution for 4 hrs at 37°C (Lison
1960).

RESULTS

In the neighbourhood of abscesses, cerebro-meningeal scars and meta-
static foci, which are accompanied by collateral edema of different
intensity, the individual enzymes show changing activities, not always
depending on the type of pathology.

In all of the mentioned types of diseases, however, the reactive glia
shows an extremely high activity of LDH (Figs. la, b, 2), but very low
activities of malonate, isocitrate and succinate dehyrogenases.

The NADH — dependent tetrazolium reductase (Fig. la) of the reac-
tive glia displays a high activity as compared with the normal tissue,
but is less active than in the neoplastic glia. The NADPH — dependent
tetrazolium reductase gives a similar, but unequally distributed reaction,
with individual cells characterized by a very low activity of the enzyme.

The most intensive reactions of the mentioned enzymes were observed
around the abscesses, especially those accompanied by a wide isomorphic
gliosis, coinciding with a lack of productive changes. The reactive glia
around metastatic tumours exhibited a somewhat lower activity of these
enzymes. The relatively lowest activity could be detected in the glia
surrounding the cerebro-meningeal scars.

In the neighbourhood of glial tumours, and in particular around the
perineoplastic cysts, a region appears which may be described as a re-
gion of enzymatic depletion (Figs 1 a, b). On its background, single astro-
cytes with an enhanced enzymatic activity were observed, neither resem-
bling the neoplastic glia with their shape nor with length and character
of their processes. Single astrocytes of a similar morphological and histo-
chemical character were also found in some regions of the neoplastic
tissue. The same observations were done previously by other authors
(Smith 1963).

Contrary to the changes in activity of the above described enzymes,
the glutamate dehydrogenase exhibits a relatively high activity in the
astrocytes arround the abscesses and cerebro-meningeal scars (Fig. 3a),
and is much less active in the surroundings of glial tumours and meta-
static foci. Changes in activity of this enzyme coincide with some chan-
ges in intensity of the reactions for functional protein groups. The
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number of the latter increases unequally in the reactive astrocytes, the
increase depending on the pathologic process (Szydlowska 1970b).

Cytoplasm of the astrocytes surrounding abscesses and cerebro-menin-
geal scars is characterized by an exstraordinarily strong NH2 — group
reaction (Fig. 3b) and a very weak reaction of COOH and SH groups
(Figs. 3c, d). Around the glial tumours, in particular around the mali-
gnant ones, the reaction of NH, groups is moderate, and those of COOH
and SH groups very strong. In the cytoplasm of reactive astrocytes
around the metastatic tumours all three reactions are very weak.

A certain correlation may be concluded between the intensity of the
NH, group reaction and the activity of glutamic acid dehydrogenase
(Fig. 1c).

Numerous reactive astrocytes around the glial tumours found within
the region of “enzymatic depletion” exhibit a much lower level of func-
tional protein groups than those which are localized at a significant
distance from the front of the neoplastic growth. The former are charac-
terized in the first instance by a drop in level of COOH groups, but also
of NH, groups. They are morphologically changed and both their shape
and the type of processes do not exclude the possibility of their transfor-
mation into neoplastic cells (Szydiowska 1970a). A significant part of
the cells, hcwever, exhibits morphological properties of reactive astro-
cytes and a high level of functional groups. Single cells exhibiting a strong
functional protein group reaction as well as those with a high enzymatic
activity were also present in the neoplastic tissue.

DISCUSSION

The cytoenzymatic reactions are less, and the reactions of functional
protein groups more differentiated in the reactive than in the neoplastic
glia. This difference between neoplastic and reactive glia may be due to
the fact, that the activity of the oxidizing-reducing enzymes is not only
connected with protein metabolism, but also with metabolism of lipids
and carbohydrates. The coincidence of the intensity of some reactions
of functional protein groups with that of glutamate dehydrogenase acti-
vity may be explained by the key function fulfilled by this enzyme both
in catabolism and synthesis of a majority of amino acids.

The high activity of glutamate dehydrogenase in reactive astrocytes
around abscesses and cerebro-meningeal scars as well as a significant
rise in level of NADH- and NADPH- dependent tetrazolium reductase
therein, indicate either an increased rate of deamination of L-glutamate
to a-oxogluterate, or an enhancement of the reversed process (reductive
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Fig. 1. Reactive astrocytes around the neuroglial tumour. x 1170; a — NADH —
dependent tetrazolium reductase, b — Lactic acid dehydrogenase, ¢ — Strong Bar-
nett-Seligman reaction for COOH groups.
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amination), both catalyzed by this enzyme with participation of NAD
and to a lesser extent of NADP (Baldwin 1963, Frunton, Simmonds 1958,
Greenberg 1961, Pearse 1960, Kgczkowski 1968).

A weak reaction of COOH groups may be indicative for a shift in the
direction of deamination of L-glutamate to a-oxoglutarate. Although the
Barrnett — Seligman method (1956, 1958) is supposed to display the
a-acyloaminocarboxylic groups (R-CO-NH-CH COOH), thus the C-termi-
nal groups (Barrnett, Seligman 1956, 1958, Friede 1962, Lison 1960,
Pearse 1960), numerous authors doubt the specifity of this method. To
their opinion, this method reveals at least a part of COOH groups of
decarboxylic amino acids, in particular those of glutamic acid radicals
(Ball, Gersztein 1966, Gersztein 1966, Gersztein, Cwietkova 1960, Pearse
1960, 1968).

The intensity of the reaction on COOH groups performed without
washing the samples with sodium bicarbonate, a procedure known to
reveal both types of carboxylic groups (Karnkowsky, Fasman 1960)
hardly differed from that on washed ‘samples. The latter difference, ho-
wever, was much higher in the case of normal astrocytes, which contain
considerable amounts of glutamic acid (Bairati 1958) and display a much
lower activity of glutamate dehydrogenase. This may be indicative
of a lower glutamic acid content in astrocytes surrounding non-neopla-
stic processes than in normal ones.

a-oxoglutarate formed in the reaction could either get metabolized
via the Krebs cycle or take®part as an intermediate in deamination of
other amino acids. Incorporation of c-oxoglutarate into the Krebs cycle
would cause an increase in activity of the enzymes of this cycle, like
isocitric and succinate dehydrogenases. In this case, however, the activity
of the mentioned enzymes is low. Moreower, the reaction on SH groups,
which activate these enzymes, was weak. It may be assumed, therefore,
that a-oxoglutarate, formed in the cytoplasm of reactive astrocytes
around abscesses and cerebromeningeal scars, is an intermediate in the
process of deamination of amino acids. A possibility that it participates
in the synthesis of the heme-ring without entering Krebs cycle, seems
very unlikely.

Fig. 2. Lactic acid dehydrogenase in reactive astrocytes around the metastatic
tumour. Metastatic tumour cells in the centre around the blood vessel. x 1170.
Fig. 3. Reactive astrocytes around the abscess. x 1170; a — High glutamic acid
dehydrogenase activity, b — Strong NH, group reaction with ninhydrin and Schiff
reagent, ¢ — Arrows indicate places characterized by a weak Barrnett-Seligman
reaction fer COOH groups, d — Arrows indicate places characterized by a weak

SH group reaction. Method by Benmnet.
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The strong reaction of NH, groups in cytoplasm of these astrocytes,
coinciding with a weak reaction on COOH groups, seems to confirm the
above observations. It provides evidence for a presence, along with small
amounts of N-terminal a-NH: groups, of other amino groups of the type
R-CH: — NHz, like e.g. the e-NH2 group of lysine an 8-NH: group of
ornithine which as side chain groups do not undergo deamination. The
fact that these amino acids, usually present in nfclei occur in high
concentration in the cytoplasm, may be due to their resistance towards
deamination (Baldwin 1963, Baranowski 1963, Barrnett, Seligman 1958,
Bell 1958). Although ornithine has never been found in protein hydro-
lysates and its occurrence in the animal tissues is of a transitory cha-
racter, its presence in reactive astrocytes may be concluded from the
positive reaction with minhydrine and Schiff reagent in numerous cells
of DNFB — treated samples. The presence of ornithine, which was absent
both in the normal tissue and around the glial tumours, may be
indicative for the incorporation into the ornithine cycle of the NH, group
released in the process of deamination.

In the so-called ,region of enzymatic depletion” around the glial
tumours, a high enzymatic activity and a strong reaction of SH groups
were observed in the same astrocytes indicating the enhancement of the
Krebs cycle processes. Considering in addition the low activity of glu-
tamate dehydrogenase, one may assume that the processes taking place
in astrocytes around gliomas differ from those in reactive astrocytes
around mon-neoplastic pathological foci, the difference in NH,/COOH
ratio remaining in connection therewith. It seems, however, that the
positive reaction on COOH coinciding with a moderate reaction on NH,
cannot be ascribed to the presence of glutamic acid despite the high
glutamate transaminase activity detected around the glial tumours (Be-
rezow, Lutsenko 1963). The latter conclusion could be drawn from the
comparison of the results of COOH tests performed in the presence and
absence of bicarbonate, respectively. Even assuming a certain aspecificity
of the reaction, the main proportion of these groups have to be consider-
ed as C-terminal COOH groups. Since the reaction on NH, groups was
relatively weak, it seems correct to attribute a part of COOH groups to
L-phenylacetylglutamine, not containing NH2 groups and formed in the
nervous tissue in connection with removal of toxic metabolites.

The low activity of glutamic acid dehydrogenase and weak reactions
on functional protein groups in astrocytes around the metastatic tumours,
coinciding with a high activity of the other enzymes tested therein indi-
cate, that contrary to the cases of gliomas and non-neoplastic diseases,
the metabolic disorders of the Krebs cycle in the cells around metastases
are not very much related to the protein metabolism. Two factors are
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supposed to have caused such a result, one of them be a particular cha-
racter of metastasis in relation to the nervous tissue, another — a short
growth time of metastasis and a rapid desintegration of a tissue in this
type of a tumour. This could explain a certain functional insufficiency
of reactive glia around the metastatic foci.

CONCLUSIONS

1) The cytoenzymatic activity and the intensity of the reactions of
the functional protein groups (NH,, COOH, SH) vary from one pathologic
process to the other.

2) A parallelity exists between the changes in glutamate dehydrogenase
activity and the intensity of the NH, group reaction.

3) In single astrocytes around the glial tumours, the high activity
of such enzymes like lactate, malonate, isocitrate and succinate dehydro-
genases as well as of NADH- and NADPH-dependent tetrazolium reduc-
tase, is accompanied by an increased number of COOH and SH groups.

4) The low glutamate dehydrogenase activity and the high activity
of remaining oxidizing-reducing enzymes around the metastatic tumours
coincide with very weak reactions for functional protein groups in reacti-
ve astrocytes.

H. Szydlowska, J. Kaluza

HISTOCHEMICZNE BADANIA POROWNAWCZE GRUP CZYNNOSCIOWYCH
BIALEK I NIEKTORYCH ENZYMOW OKSYDACYJNO-REDUKCYJNYCH
W GLEJU ODCZYNOWYM I NOWOTWORACH GLEJOPOCHODNYCH

I1. Glej odczynowy

Streszczenie

Autorzy poré6wnywali nasilenie reakcji na grupy NH,, COOH i SH w astrocytach
odczynowych w otoczeniu ré6znych nienowotworowych proces6w chorobowych, nowo-
twor6w glejopochodnych i mowotworé6w przerzutowych, z aktywno$§cia wybranych
enzymo6w oksydacyjno-redukcyjnych w tych komérkach (dehydrogenaza kwasu glu-
taminowego, mlekowego, malanowego, izocytrynowego i bursztynowego oraz NADH-
i NADPH- reduktaza tetrazolowa).

Z badan wynika, ze jedynie zmiany aktywno$ci dehydrogenazy kwasu glutamino-
wego odpowiadajg zmianom nasilenia reakcji na grupy NH, Zmianom aktywnos$ci
pozostalych enzyméw nie odpowiadajg réwmolegle zmiany w masileniu reakcji na
grupy czynno$ciowe bialek.
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T'. IllngnoBcka, E. Kamy:xka

TUCTOXMMUYECKUE CPABHUTEJBHBIE MCCIEJOBAHUA AKTUBHBIX

TPYIIII BEJKOB ¥ HEKOTOPBIX OKCUIAIMOHHO-PENYKIVIOHHBIX

OH3VMMOB B PEAKTUBHOWM TJIMU M TJIMOIIPOU3BOIHBIX OIIYXOJAX
I1. PeakTuBHasA riaus

Peswowme

ABTOpPBI CPaBHMBAJM BbIPDAXKEHHOCTb peakiym Ha rpynnel NH, COOH u SH
B PeaKTMBHBIX acTPOLMTaxX pa3HbIX OOJe3HEHHBIX HEOIIYXOJIEBBIX  IIPOL[ECCOB,
TJIMONTPOM3BOAHBLIX OIyXOJIell M MeTACTa3HbIX OITyXOJieii C AaKTUBHOCTBIO B 3TUX
KJIeTKaX JerMJporeHa3bl TIJIIOTAMMHOBOM, MOJIOYHOM, MAaJIOHOBOM, WM3OJMMOHHOMN 11
AHTApHO! Kuca0Thl, a TakxKe NADP u NADPH Terpa30JbHOM peayKTa3bl

VI3 wmccienoBaHMil clegyeTr, YTO TOJNBKO WM3MEHEHMA AaKTMBHOCTM AeruAporeHasbl
TJIIOTAaMMHOBOM KUCJIOTBI COOTBETCTBYIOT WM3MEHEHMAM MHTEHCHBHOCTM peakKuun Ha
rpynnbl NH,. JVI3MeHeHMAM aKTMBHOCTY OCTAJbHBIX 9H3MMOB HE COOTBETCTBYIOT
napaJuiesibHble M3MEHEHMA MHTEHCMBHOCTM DPeaKLyy Ha aKTUBHbIE TPYIINILI OEeJIKOB.
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Consideration of developmental and differentiation problems of the
neuroglia in terms of enzyme cytochemistry seems to present an impor-
tant step on the way leading to elucidation of these processes (for a re-
view of this subject see Meyer 1963, and Adams 1965). The results of
our up to date investigations concerning the development of neuroglia
(Wender, Kozik 1969; Wender et al. 1969, 1970a) have revealed that, re-
gardless of some species differences the early developmental events
(beginning with matrix cells up to appearance of spongioblasts and other
immature forms of glia cells) comprise not only morphological differen-
tiation but also significant alterations in the enzymic activities of phos-
phatases, mainly of acid phosphatase, ATP-ase and TPP-ase.

In the late foetal stage, the activities of acid and alkaline phosphatases,
of 5’-nucleotidase, of ATP-ase and of TPP-ase as well as of acetylcholin-
esterase and of cholinesterase are localized in the ependymal cells. Fur-
thermore there is a visible biological distinction between the multilayered
plate of nondifferentiated matrix cells and the ependymal cells — the
phosphatase activity appearing relatively weaker in the matrix cells.
In the mantle layer the activities of some phosphatases i.e. of acid phos-
phatase, ATP-ase and TPP-ase and to some extent also of one of the
esterases (ChE) increase significantly in the course of cell differentiation,
but no marked differences between spongioblasts and neuroblasts were
noted.

During postnatal development the activities of phosphatases (acid phos-
phatase, TPP-ase and ATP-ase) and also in some species of some estera-
ses (AChE and ChE) are substantially elevated during the period of
enhanced biological activity of the neuroglial cells i.e. during myelination
gliosis. The later period of brain development is also accompanied by
changes in the enzyme activity of the neuroglia. The fact should be stres-
sed that in mice it is ATP-ase activity in the vascular feet of the neuro-
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glia which seems to be enhanced, whereas in rabbits butyrylcholineste-
rase and acetylcholinesterase show increased activity in the course of
maturation of the oligodendroglia.

As a further step in these studies, investigations of the activity of oxi-
doreductases in the developing neuroglia were performed. The results
were compared with those for various phosphatases and esterases.

MATERIAL AND METHODS

Our investigations were performed on white Wistar rats of either sex.
The experimental material was divided into 6 age groups, each consisting
of 8 animals; the respective age groups were as follows: 1, 8, 17, 40 and
60 days. Rat foetuses from the 17th day of intrauterine life were also
included in the study. The animals were killed by decapitation, and the
brains immediately removed and subjected to histoenzymatic studies.

For the assay of oxidoreductases, 12 u thick sections were cut in
a cryostat. The material for determination of esterases and phosphatases
was fixed at 4°C for 18 hours in Baker solution. A part of the fixed
brains was embedded in paraffin and stained by the method of Kliiver-
-Barrera and H+E.

The activities of the following oxidoreductases were studied: glycerol-
-3-phosphate dehydrogenase (1-glycerol-3-phosphate: NAD oxidoreduc-
tase — E.C. 1.1.1.8) — incubation time 20 min.; lactate dehydrogenase —
LDH (1-lactate: NAD oxidoreductase — E.C. 1.1.1.27) — incubation time
50 min.; 3-hydroxybutyrate dehydrogenase (D-3-hydroxybutyrate: NAD
— oxidoreductase — E.C. 1.1.1.30) — incubation time 60 min.; glucose-
-6-phosphate dehydrogenase (D-glucose-6-phosphate: NAD-P-oxidoreduc-
tase — E.C. 1.1.1.49) — incubation time 30 min.; succinate dehydrogenase
(succinate: acceptor-oxidoreductase — E.C. 1.3.99.1) — incubation time
30 min.; threo-D-5-isocitrate: NAD — E.C. 1.1.1.41 (decarboxylating-iso-
-citric-dehydrogenase) — incubation time 35 min.; reduced NADP: tetra-
zolium dehydrogenase (reduced NADP: acceptor-oxidoreductase — E.C.
1.6.99.1) — incubation time 30 min.; reduced NAD: tetrazolium dehydro-
genase (reduced NAD: acceptor-oxidoreductase — E.C. 1.6.99.3) — incu-
bation time 35 min.

For the assay of the individual dehydrogenase activities, the basal
incubation medium prepared according to Pearse (1960), and containing
Nitro BT tetrazolium salt, together with the appropriate substrate as
recommended by Niwelinski (1963) was used.

For details concerning the methodology used in phosphatase and sterase
assays, the readers are referred to the following references: acid and al-
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Fig. 1. Succinate dehydrogenase activity in epithelial cells of the chorioid plexus,
in ependyma and in matrix cells. Rat-1-day-old. X 110.

Fig. 2. Low activity of threo-D-5-isocitrate dehydrogenase in matrix cells. Rat —
17 days old. X/ 110.

http://rcin.org.pl



XXXII

M. Wender et al.

Al ’ &
. ’
5 B
t 8 » 4
< » :
5
. r
< ‘.' - ¢ = ,
> . +
4 % . #
b ol - e
< *:y . Y e e .. "
% " - -2 .. ‘ - i
. - -
‘.-0 . £ Sl L e #7
S
/ - - P . tes 5

\d e v > “w
i ) o - »

- o e

o -
~ = . .
; .
>
- .
- - %
- .
g -

Fig. 3. AcP activity in matrix layer and neuroglial cells of the corpus callosum
at the period preceding myelinogenesis. Rat — 8 days old. X 50.
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Fig. 4. Myelination gliosis with intensive acP activity. Rat — 17 days old. X 100
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Fig. 5. Activity of lactate dehydrogenase in oligodendroglial cells of the corpus
callosum in the late period of extrauterine development. Rat — 40 days old. X 450

http://rcin.org.pl



XXXV M. Wender et al.

Fig. 6. Rat — 40 days old showing ATP-ase activity emerging in astrocytes and
their perivascular feet. X 120.

Fig. 7. TPP-ase activity in astroglia of the white matter. Rat — 60 days old. X 120.
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kaline phosphatases (Gomori 1953); TPP-ase (Novikoff, Goldfischer 1961);
ATP-ase (Wachstein, Meisel 1957); non-specific esterase (Holt 1966); AChE
and ChE (Gerebtzoff 1953).

RESULTS

As the differences between individual oxidoreductase activities were
rather insignificant, the results of these assays will be discussed jointly.

The performed studies have shown that ependymal cells exhibit in
the late stage of foetal and in the early period of extrauterine life strong
oxidoreductase activity. The cells of the chorioid plexus react similarly
(Fig. 1).

The multilayer lamina of nondifferentiated matrix cells displays some-
what different biological properties as compared with ependymal cells:
the activity of the investigated oxidoreductases is lower in the matrix
and in the differentiating cells of the mantle layer (Fig. 2).

Contrary to the former enzymes these cells exhibit high activities of
phosphatases (acP, alkP, TPP-ase, and ATP-ase) and low nonspecific
esterase activity without detectable differences between spongioblasts and
neuroblasts (Fig. 3).

In the period preceding myelinogenesis (8-day-old rats) as well as
during myelination gliosis (17-day-old animals), neuroglial cells do not
display increased activities of the investigated oxidoreductases acting
within the glycolytic and pentose shunts. On the contrary at the time
of myelination gliosis and parallel to differentiation of the immature
neuroglia — the glial cells exhibit increased acP, ATP-ase and TPP-ase
activities (Fig. 4). The said activity disappears during the later period
of brain maturation. Nevertheless in the course of this period of extrau-
terine development (40-day-old animals), neuroglial cells of the white
matter, especially oligodendroglial ones show an enhanced oxidoreductase
activity, persisting until adult stage (Fig. 5).

At this late period of development ATP-ase and TPP-ase activities
appear in astrocytes and their vascular feet (Fig. 6 and 7).

Acetylcholinesterase and non-specific. cholinesterase activities could not
be demonstrated in neuroglial cells throughout the whole period of inve-
stigation, i.e. from the last period of foetal life up to adult age.

DISCUSSION

The above presented results as well as those obtained in our previous
investigations indicate that the activities of phosphatases (acid phospha-
tase, ATP-ase and TPP-ase) increase indeed in the period of intensified
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biological activity of the neuroglial cells, i.e. during their differentiation
and myelinogenesis (Wender et al. 1970, Wender et al. 1970b) as well
as during neuroglial hypertrophy and hyperplasia in pathological con-
ditions (Wender et al. 1966, Wender, Kozik 1969). This is not the case
with the oxidoreductases acting within the glycolytic and pentose shunts.

According to the observations of Friede (1961) and Yonezawa et al.
(1962) during myelinogenesis, the oligodendroglia exhibited increased
NADH: — tetrazolium reductase, succinate dehydrogenase, and NADPH:2
— tetrazolium reductase activities. The above results, however, cannot
be regarded as entirely opposed to in view to the differences in experi-
mental conditions under which these studies were conducted.

Relatively low activity of oxidative enzymes is displayed by normal
astrocytes, but after becoming hypertrophic in pathological conditions,
these cells exhibit high activities of a wide range of dehydrogenases. The
problem is thoroughly discussed in another paper of this issue by Mossa-
kowski and Penar (1972). Dehydrogenases involved in the pentose shunt
and in glycolysis are detectable in mature oligodendrocytes. In contrast
to this, enhancement of biological activity of the neuroglia during diffe-
rentiation and during hyperplasia in the myelination clusters in the
course of myelinogenesis in white rats is not accompanied by a concomi-
tant increase of oxidoreductase activities in the maturating neuroglia.
The otherwise high activity exhibited by the ependymal epithelium and
by the choroid plexus may probably be referred to their secretory and
absorptive function (Vigh 1967).

M. Wender, M. Kozik, O. Mularek
OKSYDOREDUKTAZY W ROZWIJAJACYM SIE NEUROGLEJU

Streszczenie

Przeprowadzono badania histoenzymatyczne aktywmos$ci mnastepujgcych oksydo-
reduktaz w neurogleju rozwijajgcego sie moézgu bialego szczura: dehydrogenazy gly-
cerolo-3-fosforanowej, mleczanowej, 3-hydroksymaslanowej, glukozo-6-fosforanowej,
bursztynianowej, treo-D-5-izocytrynianowej, dehydrogenazy tetrazolowej NADPH,
i dehydrogenazy tetrazolowej NADH, Wyniki zestawiono z morfogeneza neurogleju
oraz poréwnano z aktywno$cig catego szeregu fosfataz i esteraz.

Wyniki badan doprowadzily do nastepujgcych wnioské6w: Komoérki ependymy
wykazujg silng aktywno§é oksydoreduktaz juz w koncowym okresie zycia plodowego
i we wezesnym okresie po urodzeniu zwierzecia. Podobng reakcje stwierdza sie
w komérkach mnablonkowych splotu naczyniéwkowego. Wielowarstwowa blaszka
niezréznicowanych komoérek macierzy odznacza sie nieco odmiennymi wiasciwosciami
biologicznymi, w poréwnaniu z komérkami wy$ci6tki. I tak aktywno§é wielu sposrod
badanych oksydoreduktaz jest niska w komérkach macierzy i w réznicujgcych sie
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komoérkach warstwy plaszczowej. Komoérki te matomiast wykazujg silng aktywmnosé
wielu fosfataz bez uchwytnych réznic pomiedzy spongioblastami a neuroblastami.

W okresie poprzedzajagcym mielinogeneze, a takze podczas gliozy mielinizacyjnej,
komoérki neurogleju nie wykazujg wzrostu aktywno$ci badanych oksydoreduktaz.
W dalszym okresie rozwoju pozaplodowego komérki neurogleju istoty bialtej, zwlasz-
cza oligodendroglej wykazuja wzrost aktywno$ci oksydoreduktaz, ktéry utrzymuje
sie w moézgu dojrzatym.

M. Bengep, M. Ko3uk, O. Myasapek
OKCUJOPEINYKTA3EL B PA3SBUBAIOIIENCA HEVMPOTIJIUU
Pe3wome

Boluim npoBeeHBI TMCTOSH3MMATUYECKME MCCIENOBAHMA AKTUBHOCTY CIAEAYIOIINK
OKCHUJIOPEAYKTas B HEeUPOrJuyM pa3BMBAIOL[erocsa Mo3ra 0esioifl KpbIChI: TIJIMIIEPO-3-
-thocdaTHO  Aermapasbl, JIAKTATAETMAPA3bl, 3-TMAPOKCUMMACJAKHOM  Jeruapasbl,
IIII0K030-6-pocdarHoi  Aermapasbl, CYKUMHAEIMAPAasbl, Tpeo-D-5-M30JMMOHHOA e~
rmapassel, TerpasonbHoii NADPH, nermapassr m Terpa3onbHoii NADH, permapasbl.
PesynbraTb! COIOCTABIAINCE C MOP(OreHe30M HEHPOrauyM ¥ CPaBHMBAMNCE C ak-
TUBHOCTBIO 1[eNmoro psaga dgocdara3 u screpas.

Pegynbrarbl MCCIENOBAHMII NPUBEIN K CHEAYIOIIMM  3aKJIOYEHUAM: KJETKI
SMeHMMBI OOHAPYKMBAIOT CUJIBHYIO aKTMBHOCTbL OKCHJOPEAYKTa3 y3Ke B KOHEYHOM
nepuoJie IJIONOBOM ZKM3HM UM B PaHHEM HepHOJe I0Cje POKAEHUA KUBOTHOTO. AHa-
JIOTMYHAA peakKumsa OOHAPYKMBAETCA B SMUTENMAJBHBIX KJETKax COCYIMCTOIO CILIE-
TeHnsa. MuorocnoiHas IUlacTMHKA —HeAn(OEepeHUMPOBAHHLIX  KJETOK MaTpuKCca
OTIMYaeTCsd HEMHOTIO JAPYTMMM OMOJOTrMYEeCKMMM CBOMCTBaMM, II0 CPABHEHMUIO C KJIET-
KavMy snmneHamMbl. TakmM o0pazoM aKTMBHOCTH MHOTUX, CPEAM MCCJeNOBAHHBLIX OK-
CuaopeayKras, HM3Ka B KJeTKaxX MaTpMuKca M B KiIeTKax anddepeHmpyommxces
najgnyma. 3aTo KJIeTKM 3Ty 00HapyKMBAIOT CUJIbLHYIO aKTMBHOCTE MHOIMX docdaras
0e3 3aMEeTHBIX Pas3HUL MeXKAYy CHOoHrMobaacTaMy M HeipodJaacTaMu.

B mneproje mnpeAmIecTBYIOLIMM MMEJMHOTeHe3y, a TaKiKe BO BpeMs MuUeJMHU3a-
LIJIOHHOT'O TIJI103a, KJETKM HeVpOoramy He 00HApYzKMBAIOT POCTa AKTMBHOCTHM MCCJIS-
JIOBAaHbIX OKCMJOpPeAyKTa3d. B JAajdbHeMIUIMM IepMUOAEe BHEIJIOLOBOTO Pa3BUTUA KJIET-
KJ Heuporamm OeJIoro BelLUecTBa, M B YACTHOCTM OJIMTOAEHAPOTJINA — OOHAPYIKMUBAIOT
poCT AKTMBHOCTM OKCHJAOPEAYKTa3, KOTOPBLI yAepiKMBaeTcA B 3PEJOM MO3IYy.
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L. VENKOV

ISOENZYMATIC CHARACTERISTICS OF SOME NONSPECIFIC
ESTERASES IN THE RABBIT SPINAL CORD

Regeneration Research Laboratory, Bulgarian Academy of Sciences, Sofia, Bulgaria

Nonspecific esterases belong to the group of enzymes, coded as
E.C3.1.1.1, EC.3.1.1.2, E.C.3.1.1.6 etc. Depending on their sensitivity to
E 600 (diethyl-p-nitrophenyl phosphate), p-chlormercury benzoate and
insolubility in water, they are often referred to as A, B, C esterases (Al-
drige 1953, Bergman et al. 1957, Bernsohn et al. 1963, 1964).

Their heterogenicity has been emphasized by Eranko et al. (1964),
Harkonen (1964), Kokko (1965). It has been already demonstrated (Ven-
kov et al. 1967) that nonspecific esterases can be separated into five
isoenzymic fractions by agar gel electrophoresis. One of the fractions
has proved to be resistant to a wide variety of organophosphorus com-
pounds. These results were obtained with aqueous protein extracts,
derived from rabbit spinal cord. It seemed interesting to ascertain the
intracellular localization of the organophosphorus resistant isoenzymes.
Primarily, the resistant fraction was detected only in the microsomal and
the soluble fractions. We assumed that the other cellular fractions did
not manifest it, presumably it was firmly bound to the membrane struc-
tures. To clarify this, we treated the material with the detergent Triton
X 100.

MATERIAL AND METHODS

1. Preparation of extracts from total homogenate

Extracts from water — soluble proteins. Rabbit spinal
cord was homogenized in distilled water to obtain a 40% homogenate.
It was frozen at —25°C and thawed, repeating the procedure two times
more. The homogenate was centrifuged at 50 000 ev.g. The resulting
clear, strongly opalescent supernatant was subjected to electrophoresis.

Preparation of extracts, following Triton X100
treatment. Following freezing and thawing, the homogenate was
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incubated with 0.1% Triton X 100 at 0°C for 30 min. The homogenate
was centrifuged and handled as above.

2. Preparation of extracts from subcellular fractions

The subcellular fractions were isolated as described previously (Venkov
1968). All the procedures employed were the same as above.

3. Electrophoresis

Electrophoretic separation was carried out on 7 X 2.5 slides, at 12 V/ecm
and 0.5 mA/cm for 45 min. One hundred micrograms of protein was
the amount employed.

4. Staining of isoenzyme bands

Staining of isoenzyme bands was performed according to Uriel (1961),
using alpha- and beta-naphthylacetate as substrates.

RESULTS AND DISCUSSION

The aqueous extracts yielded 5 bands, denoted by ai, a2, as, s and
ki (Fig. 1). The a1 fraction was organophosphorus-resistant (Fig. 2). The
subcellular extracts revealed different isoenzymatic patterns. The mito-
chondrial extracts were negative (Fig. 3). The microsomal ones displayed
fractions ai, a2, a3, s and ki (Fig. 4). The nuclear extracts had strong as
and s. While a1 and a2z were but slightly manifested (Fig. 5). The soluble
fraction exhibited strong ai activity (Fig. 6).

B ]

Fig. 1. Isoenzymes of rimspeciﬁc esterases. Aqueous extracts.

Following Triton X 100 treatment, the mitochondrial extracts mani-
fested bands a1, a2, as and ki, the latter (Fig. 3) being intense. Band a1
and a2 became more intense in the nuclear fraction (Fig. 5).
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Fig. 2. Organophosphorus-resistant fraction. After treatment with: 1 — Mipafox
10-3M; 2 — Phosdrin 10-4M; 3 — Parathion 10-3M; 4 — Chlorthion 10-4M.

Fig. 3. Isoenzymes of mitochondrial fraction. Mt — aqueous extracts. Mt;, — after
Triton X 100 treatment.
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Fig. 4. Isoeuz ' icmsom-al fraction. Ms — aqueous extracts. Ms, — after
Triton X 100 treatment.

N Ny

Fig. 5. Isoenzymes of nuclear fraction. N — aqueous extracts. N, — after Triton
X 100 treatment.
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Fig. 6. Isoenzymes of soluble fraction. S — aqueous extracts. S; — after Triton
X 100 treatment.
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These findings suggest that type B nonspecific esterases consist of se-
veral isoenzymic bands (Fig. 7). The high activity of ki fraction is cha-
racteristic of the membrane structures. This isoenzyme fraction is pro-
bably lipoprotein bound.

H H,
S g S
a, a
as 3
ks
Fig. 7. Isoenzymes of nonspecific esterases. H — aqueous extracts. H, — after

Triton X 100 treatment.

L. Venkov

WEASCIWOSCI 1IZOENZYMOW NIEKTORYCH NIESWOISTYCH ESTERAZ
W RDZENIU KREGOWYM KROLIKA

Streszczenie
Otrzymane z rdzenia kregowego krélika izoenzymy nieswoistych esteraz charak-
teryzuja sie ruchliwoscig elektroforetyczng, oporno$cia przeciwko silnym inhibito-

rom, rozmieszczeniem w réznych frakcjach komoérkowych i wrazliwo$ciag na dziata-
nie detergentéw.

JI. BeHKOB

XAPAKTEPUCTUKA M309H3MMOB HECIEIUMPUYECKUX 3SCTEPA3
CIIMHHOI'O MO3rA KPOJUKA

Pe3oMme

VI309H3MMBI HecneunuYeckmx 3cTepas, IOJy4YeHHbIX U3 CIIMHHOTO Mo3ra Kpo-
JYKa XapaKTepu3yloTCs pPa3HuLaMyu B 9JIeKTPodOpeTMyecKoi IIOABMIKHOCTH, COIIPo-
TUBJSEMOCTbI0O K CHJIbHBIM MHIMMOMTOPaM, paclpejelieHueM B pPa3HbIX KJETOYHBIK
hpakMAX U YyBCTBUTEJIHHOCTBIO K JleTepPreHTaM.

Neuropatologia Polska — 2 14
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ON THE HISTOCHEMICAL AND ENZYME-HISTOCHEMICAL
DIFFERENCES BETWEEN VARIOUS TYPES OF GLIAL CELLS
CULTURED IN VITRO*)

Department of Neuropathology, Experimental and Clinical Medicine Research Centre,
Polish Academy of Sciences, Warsaw, Poland
Head of Department: Prof. Dr. M. J. Mossakowski

Identification of particular glial cells in a material stained with routine
histological methods is often connected with serious difficulties. These
difficulties become even more pronounced in case of glial tissue cultures,
especially in young ones with ill-differentiated cellular population (Kras-
nicka, Mossakowski 1965; Krasnicka, Borowicz 1971). In addition these
authors stress that even in highly-differentiated cultures, a higher or
lower percentage of cells remains, which is not to be classified properly
within a definite neuroglial type. The authors define these cells as non-
-differentiated glial cells, the definition finding its support in the ultra-
structural picture (Borowicz et al. 1972).

It seems thus, that examination of cytochemical and cytoenzymatic
properties, which are representative for the biological and metabolic
differences of cells, may become an essential factor in enabling the mor-
phological identification of glial cells of various types. It also may with
certain probability — shed some light on the direction of development
of non-differentiated glial cells.

A possibility of distinguishing the glial cells in this way is of a parti-
cular importance for experimental studies on tissue cultures, since it is
a requisit of estimating the way in which the particular types of glia
react on defined impairing factors. Observations derived from human
neuropathology namely are indicative of a different participation of
various types of glia in a number of pathological processes involving
the central nervous system and of their differentiated reactions on
various types of noxious factors.

The aim of the present work was to point out the differences between
the histochemical and enzyme-histochemical properties of glial cells,
representing astrocytic and oligodendroglial lines. The differences facili-
tate the identification of individual types of glial cells in tissue cultures.

*) Work was partially supported by P.L. 480 grant, Public Health Service USA.
Agreement 05-004-1.
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MATERIAL AND METHODS

Histochemical and enzyme-histochemical studies were carried out on
the glial cells of newborn rat cerebellum, cultured in vitro according
to the method, used routinely in our Laboratory and described by Kras-
nicka and Mossakowski (1965).

Cultures aged from 2 to 58 days were studied. Out of a wide range
of histochemical and enzyme-histochemical reactions performed, only
those were chosen, which revealed evident defferences between two types
of neuroglial cells. Histochemical properties of microglial cells, were
described elsewhere (Krasnicka, Renkawek 1969). The following histo-
chemical reactions were studied: periodic acid Schiff reaction, according
to McManus-Lowry, with diastase digestion and dimedon blocking (Bul-
mer 1959), dialysed iron staining after Hale and Sudan black B staining.

Enzyme histochemical reactions concerned activity of both oxidizing-
-reducing and hydrolytic enzymes.

Oxidizing-reducing enzymes: tetrazolium reductaze of coenzyme I and
II, glucose-6-phosphate-, a-glycerophosphate-, lactic-, malic-, glutamic-,
isocitric-, succinic- and ethanol dehydrogenases and cytochrome oxidase.

Hydrolytic enzymes: acid monophosphatase, non-specific esterase, p-glu-
curonidase and butyrylcholinesterase.

Activity of the majority of enzymes were tested according to methods
described in previous papers (Mossakowski et al. 1965, Renkawek, Mossa-
kowski 1966, Renkawek 1967, Hoppe 1971). Activity of P-glucuronidase
was studied according to method of Hayaschi et al. (1964), and that of
butyrylcholinesterase after Gerebtzoff (1959) as modified by Koelle
(Roessmann, Friede 1966).

RESULTS
Oxidizing-reducing enzymes

The activity of dehydrogenases appears as early as at the first day of
culture, in cells growing from the explant, both in bipolar spongioblasts
and in cells resembling astrocytes. In this period of growth, the enzymatic
activity is generally low and final products of it are uniformly distributed
in the cell cytoplasm. Any enzymatic activity is hard to be seen in cellu-
lar processes. G-6P-DH and GLP-DH activity appear as the earliest, LDH
activity is also pronounced, even in poorly differentiated cells.

Starting from the 5th day of culture the activity of dehydrogenases in
astrocytes becomes more intensive both in cellular pericaria and in nume-
rous, branched cell processes. Formazan granules are arranged in a regu-
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Fig. 1. Ten-day culture. Glutamic dehydrogenase. Marked prevalence of activity
of oligodendroglia over astroglia cells. X 400.

Fig. 2. Twenty-cay culture. Glucose-6-phosphate dehydrogenase. Distinct predo-
minance of enzymatic activity in oligndendroglia and accumulation of formazan
grains in the form of perinuclear caps. X 400.

Fig. 2. Thirthy-five-day culture. Succinic dehydrogenase. Oligodendroglia shows
high activity whereas in astroglia activity marked diminishes. X 200.

Fig. 4. Five-day culture. Cytochrome oxidase. Marked differences in intensity of
enzymatic activity in astroglia and oligodendroglia cells. X 400.
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Fig. 5. Fourteen-day culture. Acid phosphatase. Marked differences in the distribu-
tion of enzymatic activity; in astroglia the products of enzymatic reaction are
situated around the nuclei, in oligodendroglia in the cell pole. X 400.

Fig. 6. Ten-day culture. Non-specific esterase. Marked differences in intensity of
activity in astroglia and oligodendroglia. X 400.

Fig. 7. Fifteen-day culture. PAS reaction. Great accumulation of PAS positive
granules in oligodendroglia cells. X 400.

Fig. 8. Twenty one-day culture. Dialysed diron method. Distinct accumulation of
positive granules more packed in oligodendroglia than in astroglia. X< 400.
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lar fashion around cell nuclei or at origin of cellular processes. The hig-
hest enzymatic activity is noted in the second and third weeks of cul-
turing. In the subsequent periods the activity of all dehydrogenases stu-
died in astrocytes decreases to a considerable extend.

The activity of the dehydrogenases in oligodendroglia appears after one
week of culture. At this period of growth it is manifested histochemi-
cally in the form of single formazan grains, spread in the cell cytoplasm.
Than the dehydrogenase activity in oligodendrocytes increases rapidly,
so that between 7th and 10th day of culture it becomes higher in the
cytoplasm and processes of these cells than in astrocytes (Fig. 1). The
most intensive activity of dehydrogenases in oligodendrocytes has been
noted between 14th and 21st days of culture. Formazan grains, indicating
the sites of enzymatic activity are typically distributed in the cytoplasm
of oligodendrocytes, taking the form of “perinuclear caps” situated on
one site of nuclei (Fig. 2). Activity of dehydrogenases in oligodendroglia
remains high up till the 4th week of culture growth, exceeding greatly
that of astrocytes (Fig. 3). The high enzymatic activity of oligodendroglia
concerns all the dehydrogenases under study, G-6P-DH and GLP DH
activities being the highest particularly during the second week of cul-
turing. LDH and tetrazolium reductase of coenzyme I activities are also
high. In older cultures, G6P-DH and GLP DH activities decrease only
slightly, whereas that of the remaining dehydrogenases is markedly re-
duced.

Cytochrome oxidase activity during first and second weeks. of culture
growth is moderate both in astrocytes and in oligodendroglia, although
from the earliest period of culturing the evident and characteristic diffe-
rences in the intracellular distribution of enzyme activity in both types
of cells are present (Fig. 4). They consist in uniform and equal spread
of final product grains in the cytoplasm of astrocytes and in cap-like
perinuclear condensation of them in oligodendrocytes. In both types of
cells the enzyme activity in cellular processes is very weak. During the
third week of culturing the considerable enhancement of cytochrome
oxidase activity occurs, this involving mainly oligodendrocytes. Even in
old cultures the enzyme activity remains high in oligodendroglial cells,
exceedmg to great extend that of astrocytes.

Hydrolytic enzymes
Acid monophosphatase activity. The activity of acid phosphatase in

young cultures, after 2 or 3 days of growth can be demonstrated in the
form of single grains distributed rather irregularly throughthout of cell
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cytoplasm. In this period of growth the highest activity is exhibited
by the cells with few processes and in bipolar spongioblasts. In 5 — 7 day
old cultures, acid phosphatase activity in astrocytes is low, and rather
uniformly distributed within cell cytoplasm. Enzyme activity in these
cells becomes more intensive with maturation of culture being the hig-
hest between 14th and 21st day of culturing. In this period of growth
the final products of enzyme activity have a tendency to be accumulated
around cellular nuclei. After 4th week of growth in vitro a rapid fall
of acid phosphatase activity in astrocytes is observed. In oligodendrocytes
cultured in vitro this enzyme activity appears between 5th and 7th days.
It is already high and continues to increase gradually. Between 14th
and 28th day of culture growth the whole cytoplasm of oligodendrocytes
is densly filled with final products of enzymatic reaction. However,
quite often they tend to accumulate in only one pole of the cell (Fig. 5).
In older cultures acid phosphatase activity in oligodendrocytes decreases
slightly.

Non-specific esterase activity. Low enzyme activity is present in all
cells outgrowing from the explant already in the earliest periods of
culturing, being most evident in cells with few processes. From the 7th
day of culture growth the non-specific esterase activity in astrocytes
gradually increases reaching its highest level in 14 — 21 day old cultu-
res. The grains of final product of enzymatic reaction are filling the
cellular cytoplasm in an uniform fashion. In older cultures, when, general
activity of this enzymes in astrocytes is reduced to a great extend, the
remains of it are observed in perinuclear situation.

High enzyme activity in oligodendrocytes appears rather rapidly at
7th day of culture growth. The highest level of it is present between
14th and 21st day of culturing (Fig. 6). In the contrary to astrocytes, the
oligodendroglial non-specific esterase activity remains high even in older
cultures. Perinuclear localization of enzyme activity is the most common
feature.

p-glucuronidase activity. In young cultures the activity of this enzyme
is low in all cells, regardless their types, shape and size. It increases
remarkably after second week of culture growth being much more inten-
sive in astrocytes than in oligodendroglial cells. Great variances in the
intensity of enzyme activity among the cells of the same type and iden-
tical morphological picture form the most striking and typical feature
of this enzyme.

Butyrylcholinesterase activity. No activity of this enzyme is observed
in glia in the outgrowth zone, either in young or in older cultures. On
"the contrary a high activity of enzyme is present in all neurons and glial
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cells persisting in culture explant. The greatest intensity of enzyme
activity is noted in oligodendrocytes arranged along the myelinating
nerve fibres.

Other histochemical reactions

Periodic acid Schiff reaction. In the early periods of culture growth
the granular PAS-positive deposits are present only in a slight number
of small, processless glial cells. In 5 — 7 day old cultures rather single
PAS-positive granules are disseminated in the cytoplasm of astrocytes.
The number of these deposits greatly increases in 2 week cultures both
in astrocytes and oligodendrocytes. In astrocytes the number and size
of PAS-positive granules vary to a great extend from cell to cell. In
some cells they are fine single, and localized mostly in pericaria, whereas
in others they are coarse, numerous and filled entire cell cytoplasm
and processes. In oligodendrocytes PAS-positive deposits are more uni-
form, as a rule they fill entirelly the cell cytoplasm, forming there in
many instances compact aglomerations of PAS-positive material (Fig. 7).
In older cultures, after 4th week of growth the amount of PAS-positive
granules diminished in both types of glial cells. PAS-dimedon control
of the reaction permits to exclude glycogen nature of deposits.

Dialysed iron staining after Hale. Oligodendrocytes contain in their
cytoplasm a great amount of densly packed positively stained granu-
les (Fig. 8). Similar granules, somewhat coarser occure in astrocytic
cytoplasm, wherein they are more loosely distributed. The amount of
dialized-iron positive granules in glial cells cytoplasm is increasing with
the age of culture. The most pronounced granular deposits are present
in hypertrophied astrocytes, with a large, voluminous cytoplasm.

Sudan black B staining. In healthy cultures glial cells of both types
do not contain lipid deposits as revealed by staining with this method.
In old degenerating cultures fatty degeneration of astrocytes and oligo-
dendrocytes appears showing no specific type differences.

DISCUSSION

Our histochemical observations are indicative that it is possible to
determine characteristic differences between the two types of neuroglial
cells cultured in vitro on the ground of variances in the activity of par-
ticular enzymes and other histochemical properties. These differences
concern mostly the intensity of enzyme-histochemical activity, its intra-
cellular localization and the time sequences in its appearance, increase,
and eventual decrease during the course of cell differentiation and ma-
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turation. The usefulness of particular histochemical and enzyme-histo-
chemical reactions varies to a great extend from one to another.

The most characteristic feature, making possible to distinguish the
particular types of glia cultured in vitro is the prevalence of the activity
of all oxidizing-reducing enzymes in oligodendroglia as compared with
that in astrocytes. The prevalence of the activity of both dehydrogenases
and cytochrome oxidase, persisting during the entire observation period
is in general agreement with Friede’s (1965) observations, made on glial
tissue in situ.

In tissue culture material a sharp increase of the activity of oxidizing-
-reducing enzyme in second and third weeks of growth, corresponding
to myelination period, is very typical for oligodendrocytes, while the
changes in the activity of the above mentioned enzymes in astrocytes
occur more gradually and are less profound. The most pronounced dif-
ferences between astro- and oligodendroglia concern the activity of
G6P-DH and GLP DH. Another difference between two types of neuro-
glia is characteristic distribution of enzyme activity within cell cytoplasm.
In oligodendrocytes formazan grains, representing the final products of
enzyme activity, are as a rule agglomerated on one site of cell nuclei
in a form of so-called ,perinuclear caps”, whereas in astrocytes these
products are rather uniformly distributed throughout the whole cyto-
plasm, with only a slight tendency for more dense aggregation around
cell nuclei. It seems interesting to notice that characteristic differences
in the activity of cytochrome oxidase are present already in the first
week of culture growth, while almost entire cellular population is repre-
sented by undifferentiated neuroglial cells.

Acid monophosphatase activity is much less useful for differentiation
between astrocytes and oligodendrocytes, since variances in its inten-
sity and distribution are less pronounced than these in the activity of
oxidizing-reducing enzymes. This seems to be quite understandable, as
investigations on the ultrastructure of neuroglia have revealed a similar
lysosomal content and pattern in both types of glial cells (Farquhar,
Hartmann 1957). On the other hand, non-specific esterase activity shows
characteristics analogous to those of dehydrogenase. Its activity is much
higher in oligodendrocytes, and it is arranged in typical perinuclear
agglomerations, whereas in astrocytes it is lower and uniformly distri-
buted in cell cytoplasm. These differentiating features in particular types
of glial cells are most pronounced in older cultures, after third week
of growth. The studies on the activity of B-glucuronidase are less useful
in differentiation of glial types. Despite of an evident increase of this
enzyme activity in astrocytes after second week of growth, our experi-
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ments showed sighificant differences in its activity between individual
cells, representing the same type of glia.

Butyrylcholinesterase activity is absent in all glial cells, situated in
a zone of cell growths in glial cultures, but it is considerably high in
neurons, nerve fibres and glial cells located along them within tissue
explants. The role of this enzyme in nervous tissue is not exactly known.
Activity of this enzyme in nervous tissue in situ has been demonstrated
in oligodendrocytes in the period of myelination (Koelle 1954, Roess-
mann, Friede 1966) and in normal and reactive astrocytes (Cavanagh et
al. 1954, Koelle 1954, Gerebtzoff 1959). However, the butyrylcholineste-
rase activity varies to a great extend in dependence on the animal species
(Brightman, Albers 1959, Friede et al. 1964). Our negative results con-
cerning this enzyme activity in glial cells in tissue culture may be indi-
cative differences between glial cells in vitro and in situ conditions.
Technical inaccuracy of the method applied for in vitro condition, which
has to be taken into consideration, might be ruled out, since under the
same condition neurons and glia located within tissue explant reveal
enzymatic activity.

Periodic acid Schiff reaction, revealing characteristic accumulation of
mucopolysaccharide substances in the cytoplasm of both types of glial
cells in tissue culture is of a great value in their differentiation on the
ground of differences in the amount, size and distribution of PAS-posi-
tive granules. So is dialysed iron staining after Hale.

The above mentioned histochemical and enzyme-histochemical pro-
perties of glial cells, resulting from their metabolic and biological func-
tions make possible to differentiate two types of neuroglial cells cultured
in vitro. On the other hand they might be of an importance in evaluation
of pathological changes in glial cells under various experimental condi-
tions carried out on tissue culture.

K. Renkawek

ROZNICE HISTOCHEMICZNE I HISTOENZYMATYCZNE POMIEDZY ROZNYMI
TYPAMI KOMOREK GLEJOWYCH W HODOWLI IN VITRO

Streszczenie

Badano wlasciwoéci histochemiczne i aktywno§é enzymatyczng tkanki glejowej
hodowanej in vitro. Hodowle glejowe pochodzily z komoérek moézdzku noworodkéw
szczurzych przetrzymywanych we flaszkach Carrela. Hodowle w wieku 2—58 dni
barwiono metodami rutynowymi, oraz wykonywano reakcje histochemiczng PAS,
barwienie zelazem dializowanym i Sudanem czarnym B. Badano aktywno$ci enzy-
méw oksydoredukcyjnych i hydrolitycznych.
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Znaczne roznice wystepujagce we wiasciwosciach histoenzymatycznych komorek
gleju ulatwiajg rozpoznanie poszczegblnych typéw komorek glejowych. Cechg naj-
bardziej réznicujgca astroglej i oligodendroglej jest przewaga aktywnosci enzymoéw
oksydoredukcyjnych i esterazy nieswoistej oraz charakterystyczne nagromadzenie
produktéw reakcji enzymatycznej w okolojgdrowej cze$ci plazmy w oligodendro-
gleju. Aktywno$é butyrylcholinesterazy nie wystepowala w strefie wzrostu hodowli,
jedynie slabg aktywno$§¢ obserwowano w komoérkach glejowych zachowanych
w eksplantacie. Aktywno§é ( glukuronidazy nie byla charakterystyczna dla typu
komoérki glejowej. Aktywno$é enzymatyczna gleju w hodowli znacznie r6zni sie od
aktywno$eci tych enzyméw w tkance, natomiast badania w hodowli tkankowej daja
wyniki istotnie poréwnywalne, je$li material hodowany pochodzi od tego samego
zwierzecia, hodowany jest wedlug tej samej techniki oraz barwiony przy uzyciu
tych samych metod histochemicznych i enzymatycznych.

K. PenkaBek

TUCTOXMMUYECKUE ¥ TI'MCTOSH3MMATUYECKME PA3HMIIBI MEXIY
PASHBIMM TUIIAMU TJIMAJBHBIX KJIETOK B KVYJBTYPE IH BUTPO

Pe3swome

ViccnemoBammch  I'MCTOXMMWYECKME CBOJMCTBA M SH3MMATH4YecKad  aKTMBHOCTH
TIMaJbHOM TKaHM, BBIPAILLMBAEMOM MH BUTPO. [nyajbHbIEe KYJIbLTYPHI ITTPOMCXOIMIU
U3 KJIETOK MOXK/Keuka HOBOPOZKJEHHBIX KPLIC BbIAEPIKMBAEMBIX B cocyaax Kappens.
KyneTypbl Bo3pacra 2—58 AHel OKpaluMBaJiMCh OOBLIYHBIMM MeTOAaMM, a TaKKe 1101-
Bepraauch rucroxmmmuyeckoi ITAC peakumuy, OKPALIMBAHUIO AMAIN3MPOBAHHLIM IKe-
ame3om u yepnbiM CymaHom B. MccaepgoBanach aKTMBHOCTb OKMCIMTEIBHO-BOCCTAHO-
BUTEJNBHBIX ¥ I'MAPOJIUTUYECKUX SH3UMOB.

3HauMuTeNbHbIE Pa3HMIIBI, MMEIoLMecs B TUCTOXMMMYECKMX CBOMCTBAX KIJIETOK
TJIMM, OOJIerdaloT YCTAHOBJEHME OTAENbHBIX TUIIOB INIMANbHBIX KiaeTok. CBOMCTBOM
KOTOpOe CaMbIM CHMJIBHBIM 00pa3oM OTJIMYAET aCTPOTJIMIO OT OJIMTOAEHAPOIrIMM ABJIA-
erca 1npeobiiazjaHmMe AaKTMBHOCTM  OKMUCIMUTEJIbHO-BOCCTAHOBUTENbHBLIX 9H3MMOB I’
HecnienunyecKoi 5CTepasbl M XapaKTepPHOe CKOIJIeHue IPOAYKTOB SH3uMaTH4Yec-
KOJ peakumy B NPUAAEPHOI YacTM IIa3Mbl B OJMIOACHAPOrAMKM. AKTHMBHOCTH OyTI-
PUWIXOJIMHICTePa3bl He oOOHapyKuBajlach B paMoOHe pocra KyJbTypbl, Juulb ciabas
aKTMBHOCTL HabJrozajlack B TAMAJAbHBIX KJIETKaX, COXPAaHEHHBIX B SKCIJIAHTATE.
AKTMBHOCTb [} I'IIOKYypPOHMJA3kl He Oblia XapakTepHa JJisA TUMNA TJIMalbHON KJETKM!.
DH3MMaTHYEeCKad aKTUMBHOCTb TIJMM B KyJbType 3HAYUTEJIBHO OTJIMYAETCH OT akK-
TMBHOCTM 3TMX 9H3MMOB B TKaHM, 3aTO MCCJIEJAOBAHMA B TKAHEBOI KyJIbType JAioT
PEe3yJbTaThbl JAEACTBUTENBHO CPaBHMMAaeMble, €cJiY BbIPpAlMBAaeMblil MaTepuaJ IIpo-
MCXOAUT OT OJHOTO J{ TOTO K€ KMBOTHOTO, KYJLTUMBMPYETCA TOM Ke caMOoil TeXHil-
KOJ M OKpPAalIMBAEeTCs C MCIOJb30BaHMEM TeX XK€ CaMbIX I'MCTOXMMMYECKMX M 9SH3U-
MaTUYECKUX METOJ[0B.
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Glial reaction is one of the most common features in the pathology
of the central nervous system. This accompanies a great number of the
pathological processes of the nervous tissue and as a rule may involve
all types of glia. However, the richest literature concerns astroglial
reactions. This type of glial reaction forms also the subject of the present
report.

Increase in cell diameter and cytoplasm volume, enlargement of nuclei
and their displacement towards the cell periphery, hypertrophy of cellu-
lar processes are the most typical morphological characteristics of reac-
tive astrocytes. In chronic pathological processes they take form of
typical plumb cells (Fig. 1).

The vast section of neuropathological literature concerns changes in
the histochemical properties of the reactive astrocytes under various
pathological and experimental conditions. However, it has to be pointed
out that histochemical understanding of reactive astrocytes is not uni-
vocal with the morphological one. Histochemical reactive changes often
appear earlier than the above mentioned morphological transformations
(Rubinstein et al. 1962, Mossakowski 1963, Domanska 1970, Petrescu
1972) and in many instances they are reversible in nature and not accom-
panied by any modifications in morphological structure of the cells
(Mossakowski et al. 1968, Mossakowski, Zelman 1971).

The most typical feature characterizing reactive astrocytes is a re-
markable increase of the activity of oxidizing-reducing enzymes (Figs. 2
and 3), which is particularly striking, since in normal astrocytes their
activity is very low. In human pathology, an increase of oxidizing-redu-

*) Work was partially supported by P.L. 480 grant, Public Health Service USA.
Agreement 05-004-1.
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cing enzymes was observed in various pathological processes. This was
described in the surroundings of brain tumours (Schiffer, Vesco 1962, Ru-
binstein, Sutton 1963, Mossakowski 1962) and atheromatous cerebral blood
vessels (Smiatek, Wisniewska 1966, Nareantiu, Tantu 1969), in demyeli-
nated plaques (Ibrahim, Adams 1963, Friede 1961) and in some lipid
storage diseases (Wallace et al. 1963). Similarly the same types of changes
were seen in the majority of experimentally induced pathological pro-
cesses, such as edema (Rubinstein et al. 1962) anoxic-ischemic encephalo-
pathy (Becker 1961, Spector 1963) and many other (Friede'1966).

The time of appearance of changes in enzyme histochemical reactios
and variations in the activity of different enzymes deserves a special
attention. Rubinstein et al. (1962) in their studies on experimental edema
noted that the earliest increase of enzyme-histochemical reaction, appear-
ing as early as 12 hrs following injury concerned mostly glutamate de-
hydrogenase, while the following 12 hrs yielded an enhancement of the
activity of NAD-diaphorase and dehydrogenases linked with coenzyme I.
Friede (1966) considered that the earliest enzymic changes occuring
already 6 hrs after injury concerned at first the enzymes of glycolytic
pathway and hexosemonophosphate shunt and later those of the citric
acid cycle. Domanska (1970) in our laboratory observed an increase of
glucose-6-phosphate dehydrogenase activity as early as 3 hrs after hy-
poxia in rats.

Besides the increase of oxidizing-reducing enzyme activity, the reactive
astrocytes exhibit also a markedly intensified activity of other enzymes
such as acid monophosphatase (Fig. 4) (Koenig, Barron 1962, Schiffer
et al. 1967), beta-glucuronidase (Schiffer, Cognazzo 1968), butyryl-choli-
nesterase (Roessmann, Friede 1966), ATP-ase (Ibrahim, Adams 1963) and
others.

This increase of the activity of various enzymes is considered univo-
cally to be an universal feature, occuring in all cases of astrocytic reac-
tion regardless the nature of the pathological processes which are the
cause of tissue reaction. On the other hand, however, there is a number
of observations by different authors and those by our own, which point
at the histochemical variances of the reactive astrocytes, despite of mor-
phologically identical substrate involved.

In that respect the problem of glycogen accumulation in the reactive
astrocytes deserves a special attention, as this feature constitutes the
most common non-specific glial reaction resulting from a great number
of pathological processes. The glycogen deposits were reported in astro-
cytes in the vicinity of brain tumours (Oksche 1961), stab wounds (Friede
1954, Shimizu, Hamuro 1958, Guth, Watson 1968) and particularly as an
effect of radiation (K'atzo et al. 1961, Miquel, Haymaker 1965).
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In our studies carried out on various models of experimental hypoxia
(Mossakowski et al. 1968 Mossakowski, Zelman 1971, Pronaszko et al.
1971, Long et al. 1972) we have also stated the occurrence of glycogen
deposits within astrocytes (Fig. 5). These changes indicating disturbances
in metabolism, transport and utilization of glucose in the central nervous
system (Mossakowski et al. 1968, Klatzo et al. 1970) were fully reversible.
Astrocytic glycogen deposits appeared and disappeared in characteristic
time sequences, depending upon the type of experimentally induced
hypoxia. Usually they appeared at 6" — 10* hour after experiment
and disappeared completely at time intervals varying from few to several
days. However, in striking contrast to that there were areas, mostly
those surrounding necrotic foci, where astrocytic glycogen deposits per-
sisted for several weeks. It has to be noticed, that none of the glycogen
bearing astrocytes, except those within necrotic foci and their vicinity,
had manifested any features of cellular hypertrophy and after the dis-
appearance of polysacharide deposits, they were morphologically identical
with those in the undamaged tissue. On the other hand, in astrocytes
undergoing gemistocytic transformation granular glycogen deposits also
disappeared in the course of several days; however, their cytoplasm
remained PAS-dimedon positive during many weeks following hypoxia
(Fig. 6). This morphological alteration of glycogen might, in turn, indicate
variation in its biochemical or physical state and/or its binding with
cellular proteins.

In young animals with immature central nervous system the astrocytic
accumulation of glycogen deposits occured both in the gray and white
matter, which was in a striking contrast with previous observations
of Miquel et al. (1965) dealing with irradiation and those of ours con-
cerning the effect of hypoxia on the mature nervous system.

Miquel et al. (1965) considered that glycogen storage was a specific
property of the protoplasmatic astroglia. The limitation of astrocytic
accumulation of glycogen in the white matter to the areas undergoing
an active myelination, might indicate that glycogen accumulation de-
pended more on the functional state of astrocytes that upon their histo-
logical type.

In the some series of experiments we noticed parallel changes in the
activity of glycogen-metabolizing enzymes (Mossakowski et al. 1968,
Mossakowski, Zelman 1971). These consisted in the appearance of histo-
chemically detectable UDPG-transferase and phosphorylase a activities
already within 1 hr following hypoxia (Figs. 7, 8) and disappeared com-
pletly within 3 days for UDPG-transferase and within 7 days for phos-
phorylase a. However, the reversibility of the enzyme changes depended
on several factors. The phosphorylase activity, found to disappear from
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astrocytes within 7 days in the case of experimental hypoxia, persisted
several months in hypertrophied astrocytes within degenerating spinal
cord tracts (see below).

In our recent studies on the histochemical properties of the reactive
astrocytes in hemisectomized spinal cord in cats we turned our attention
to the differences between the astrocytic reaction in areas of the glial
scar surrounding necrotic foci, and that within degenerating spinal tracts.
The differences reflected already on the morphological picture of cells.
Within perinecrotic areas the reactive astrocytes took the form of typical
gemistocytes already in the course of several weeks after cord injury
whereas in degenerating spinal pathways, the glial proliferation was
accompanied by considerable cellular hypertrophy, but without formation
of typical plumb cells. Gemistocytes within glial scars revealed strong
intracytoplasmatic, granular glycogen aggregations which persisted in
here considerably longer than in the surroundings of the experimental
stab wounds, as reported by Friede (1954) and Shimizu and Hamuro
(1958). Glycogen deposits within gemistocytes cytoplasm in this group
of experiments differed in their granular nature from those in gemisto-
cytes in hypoxic experiments. At the same time hypertrophied astrocytes
in degenerating spinal tracts showed no glycogen deposits.

The variations in histochemical glycogen reactions were accompanied
by differences in the activity of glycogen metabolizing enzymes, first
of all in that of the phosphorylases. These differences between gemisto-
cytes from the glial scars arround necrotic foci and hypertrophied astro-
cytes from the degenerating spinal tracts consisted in the intensity and
cellular localization of phosphorylase activity (Figs. 9, 10), which was
found to be much more intensive and compactly distributed in the latter
localization. The persistence of increased phosphorylase activity in this
case has been already mentioned. Similar differences concerned the
activity of other enzymes, such as aldolase (Fig. 11) and succinate, lactate
(Fig. 12) and glucose-6 P-dehydrogenases.

Despite of all well known reservations, concerning interpretation of
section histochemical findings, it seems justified to consider, that diffe-
rences in histochemically detectable activity of various enzymes and in
the intracellular contents of some chemical substances, like e.g. glycogen,
between normal and reactive astrocytes are indicating changes in the
metabolism of these cellular components in the central nervous system
occuring under the influence of various pathological processes. Therefore,
the above presented variations of histochemical properties of the reactive
astroglia itself, might, in turn, indicate the differences in these metabolic
disturbances, depending upon the type of reacting glia, its functional
state, localization and on the kind, nature and duration of the noxious
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Fig. 1. Plump-astrocytes in the white matter of cerebral hemisphere in a case of
diffuse sclerozis. H-E. X 400.

Fig. 2. Glucose-6-phosphate dehydrogenase activity in astrocytes of the cerebral
white matter in a case of experimental hypoxic-ischemic encephalopathy (rat),
24 hrs following hypoxia. X 160.

Fig. 3. Succinate dehydrogenase activity in the hypertrophied astrocytes, surrounding
a glial brain tumour in man. X 800.

Fig. 4. Acid phosphatase activity in hypertrophied astrocytes within a degenerating
tract of the hemisectomized spinal cord in cat. X 400.
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Fig. 5. Glycogen accumulation within the cytoplasm and cellular processes of the
white matter astrocytes in an asphyxiated newborn monkey, 24 hrs following
asphyxiation. X 780.

Fig. 6. PAS-dimedon positive cytoplasm of gemistocytic astrocytes within 7 day
old necrotic focus of the brain in an asphyxiated newborn monkey. X 600.

Fig. 7. UDPG-transferase activity within the white matter astrocytes in an asphy-
xiated newborn monkey, 1 hr following asphyxiation. PAS staining, X 760.

Fig. 8. Glycogen phosphorylase a activity within the white matter astrocytes in an
asphyxiated newborn monkey 1 hr following asphyxiation. PAS staining. X 760.
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Fig. 9. Glycogen phosphorylase activity in reactive astrocytes from the vicinity of
necrotic focus within hemisectomized spinal cord in cat. Iodine staining. X 600.

Fig. 10. Glycogen phosphorylase activity in hypertrophied astrocytes from the dege-
nerating tract of the hemisectomized spinal cord in cat. Iodine staining. X 600.

Fig. 11. Aldolase activity in the reactive astrocytes surrounding necrotic focus within
hemisectomized spinal cord in cat. X' 400.

Fig. 12. Lactate dehydrogenase activity in the reactive astrocytes from the glial
scar in the hemisectomized spinal cord in cat. X/ 600.
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factors, provoking glial response. The data, presented at this Symposium
by Szydlowska and Katuza (1972), concerning the histochemistry of
protein functional (terminal) groups in reactive glia in the areas sur-
rounding various pathological foci in the brain are strongly supporting
this view. This would point to the possibility that the morphologically
homogenous pathological feature, known under the name of reactive .
astrocytes, corresponds to various, changeable biological states.

M. J. Mossakowski, B. Penar

WYBRANE ZAGADNIENIA HISTOCHEMII GLEJU ODCZYNOWEGO

Streszczenie

Na podstawie przegladu piSmiennictwa i wlasnych obserwacji prowadzonych na
réznych modelach do$wiadczalnych autorzy wykazuja zroéznicowanie wiasciwosci
histochemicznych odczynowych astrocytow.

Autorzy wykazujg, ze gromadzenie sie glikogenu w astrocytach, stanowigce jednag
z najpospolitszych mieswoistych reakcji tkanki nerwowej na dziatanie réznorodnych
czynnikéw uszkadzajacych, wykazuje zr6znicowanie uwarunkowane z jednej strony
rodzajem gleju, jego stanem czynno$ciowym, polozeniem, a rodzajem, czasem trwa-
nia i charakterem czynnika uszkadzajgcego z drugiej. Takie same réznice dotycza
aktywnos$ci enzymoéw metabolizujgcych glikogen i niektérych innych enzyméw
takich jak aldolaza, dehydrogenaza bursztynianowa, mleczanowa i glukozo-6-fosfo-
ranowa.

Autorzy postulujg, ze zréznicowanie cech histochemicznych, stanowigcych wy-
kladniki metabolicznych wtasciwo$ci tkanki, wskazuje ma niejednorodno$é pojecia
»glej odezynowy”, mimo niejednokrotnej identycznosci obrazéw morfologicznych.

M. E. MoccakoBcky, B. Ilenap

M3BPAHHBIE BOIIPOCBHlI I'MCTOXMMVM PEAKTUBHOM TIJINU
Pe3wome

Ha OCHOBaHWMM JMUTEPaTyPHOro 0030pa M COOCTBEHHBIX HAOMIOAEHMII, MPOBOAMMBIX
Ha pa3HbIX SKCIEPVMMEHTAJbHBIX MOZAENSAX, aBTOPbI JOKa3bIBAIOT anddepeHIanmo
MMCTOXUMUYECKHX CBOMCTB PEAKTMBHBLIX AaCTPOLIMTOB.

ABTOPBI J0KA3LIBAIOT, YTO CKOILNIEHMEe IVIMKOTeHa B acTPoOUMTaX, COCTABIAIOLICE
OIHY M3 CaMbIX PpPAaCMNpPOCTPAHEHHBLIX HecnenudMUYECKMUX peakKlUuii HEepPBHON TKaHU
Ha BO3JENCTBME pa3HBIX IIOBPEXAAIOLUMX areHTros, obHapyzxkmBaeT auddepeHuma-

10, OOYCJIOBJIEHHYI0O —- C OJHOII CTOPOHBI — BYAOM Ty, €€ (OYHKIMOHAJIbHBIM
COCTOSAAHMEM, TOJIOKEHMEM M BUAOM, BPEMEHEeM BO3JENCTBMA J XapaKTepoM I1OBPeK-
JIalolero areHra — C APYroit cTopoHbl Takme Ke pasHMIbI KacalTCsd aKTUBHOCTU

9H3UMOB MeTaboJIM3NPYIOLIMX TIJIMKOTEH ¥ HEeKOTOPBIX JpyrMX (hakKTopoB, TaRMX
KakK aJbjojia3a, CYKUMHATAEernaporeHasa, JaKTaTAErMApOreHasa M INIIOK030-6-coc-
cdharpernaporenasa.
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ABTOpBI TONaraloT, 4To AnddepeHuMpoBaHNe TIMCTOXMMMWYECKMX CBOMCTB, CO-

CTABJAKIMX IOKazaTeny MeTaboJnmdecKuX CBOMCTB TKaHM, yKa3bIBaeT Ha HeEOoJ-
HOPOJAHOCThL IOHATUA ,PeaKTUBHAA IJIMA~ HECMOTPA Ha HEOJHOKDPATHYIO WMJEeHTH'-
HOCTb MOPMOJIOIMIECKOIl KaPTUHBL

10.

11.

12.

13.

14.

15.

16.

17,
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S. KASABYAN, J. ROMANCHIKOV

SOME ASPECTS OF HISTOCHEMISTRY OF GLIA AND GANGLION
CELLS OF HYPOTHALAMUS IN THE AGE ASPECTS

Department of Pathological Anatomy, Medical Institute Volgograd, USSR

As known, hypothalamus is the main subcortical centre, which ensures
the unity of the nervous and endocrine regulation.

Some morphological and cytochemical changes occur in the secreting
neurons of the hypothalamus during the process of neurosecreta produc-
tion. These morphological changes take the form of hypertrophy con-
cerning not only perikarya of the secreting neurons but also their pro-
cesses and even merve endings. Cytochemical changes consist in the
synthesis of simple and complex proteins as components of neurosecreta;
this being performed with the active participation of ribonucleic acid
(RNA). It was demonstrated by Levinson and Utkin (1949) and by Pole-
nov (1964) that during the synthesis of neurosecreta the quantity of RNA
undergoes alteration. According to the data of Brotsky (1960) and Levin-
son and Isakov (1961) an increase of the quantity of RNA in neurosecre-
ting cells takes place in the first phase of influence of specific agents,
whereafter a functional overstrain of cells occurs resulting in a decrease
of RNA.

Some of authors showed that Gomori-positive neurosecretion products
contained not only proteins but also lipids and sometimes polysacchari-
des, formed not only with the participation of RNA but also in connection
with the Golgi apparatus.

During recent years the enzymes of the neurosecreting cells have been
studied extensively. Moreover, attemps were made to study not only
their localization but also changes in their activity during fulfilling the
vital function of the secreting neurons. Schiebler (1951) and Tolanti et
al. (1958) revealed a high activity of acid and alkaline phosphatases in
these cells. Schiebler (1952) showed the activity of succinic dehydrogenase
and Yono (1955) and Eichner (1958) that of cholinesterase within the
neurosecretory ganglion cells. Kivalo et al. (1958) detected acetylcholine-
sterase and succinic dehydrogenase activity there.
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Morphological and histochemical changes of the neurosecreting cells,
the histotopography of the neurosecreting granules as well as their sta-
innig properties may be assumed as features characterizing their functio-
nal state. However, the histochemical properties of glial tissue in this
area have not been sufficiently investigated in this respect.

The above mentioned investigations were performed on animals. Stu-
dies concerning histochemical properties of human neurosecreting cells
and neuroglia of neurosecretory hypothalamic nuclei are still scarce. We
therefore attempted to study the character of morphological and histo-
chemical changes of glia and neurosecreting cells in the supraoptic and
paraventricular nuclei of the human hypothalamus in the aspect of age.

We examined the hypothalamus of thirty eight, practically healthy
people, who perished in accidents at the age of 20 to 85 years. The
autopsy material for the investigation was taken 6 to 12 hours after
death. The following methods were applied: Schiff-reaction (after Shaba-
dash) to localize glycogen and neutral mucopolysaccharides; reactions for
localizing acid mucopolysaccharides with alcyan-blue after Steedman,
with dialyzed colloid iron after Hale and with toluidin blue after Lison,
Hess and Hollander; staining of DNA after Feulgen, staining of RNA
after Brachet, cytochrome oxidase activity after Winkler-Schulze and
Graff, iron after Perls, lipids after Lison and ascorbic acid after Stiran
and Leblond.

Additionally digestion tests with amylase, saliva ptyaline and with
bacterial hyaluronidase were performed.

Staining with hematoxylin eosin, picrofuchsin after van Gieson and
after Gomori in modification of Mayorova for localization of neurosecre-
tion products were also used. '

Our investigations showed that in all age groups the astroglial cells
revealed a homogenous, slightly positive Schiff-reaction. This staining
was more intensive in neurosecreting ganglion cells, containing Gomori-
positive neurosecreta. The Schiff positive reaction of the cytoplasm of
both neuroglial and neurosecreting cells did not change after amylase
digestion, this being indicative for the presence of small amounts of neu-
tral mucopolysaccharides in their cytoplasm.

The Steedman, Hale and Hess — Holander reactions were sligh-
tly positive in astroglia in all age groups. The intensity of these reac-
tions was a little higher in astroglia near the neurosecreting nuclei and
was particularly significant in the cytoplasm of neurosecreting cells,
decreasing or disappearing completely in the older age groups parallely
with the accumulation of lipofuscin in their cytoplasm. These reactions

http://rcin.org.pl



Nr 2 Histochemistry of hypothalamus 3217

demonstrate the presence of acid mucopolysaccharides in cytoplasm of
astroglia and particularly in neurosecreting cells. Their content decrease
with age.

The Perls’es reaction was negative in all age groups indicating the lack
of iron in the cytoplasm of both secreting neurons and astroglia.

Reaction for cytochrome oxidase activity was negative in astroglia in all
age groups. This was slightly positive in the cytoplasm of neurosecreting
cells in young people and negative in old ones, when the accumulation of
lipofuscin in their cytoplasm was high.

Investigation of DNA showed that regardless of age it was present
in the nuclei of secreting cells in a low concentration, taking the form
of small weakly stained granules.

In younger age groups RNA was localized in the cytoplasm of ganglion
cells in the form of dustfine diffuse granules. In old age when lipofuscin
was accumulated in the cytoplasm of ganglion cells in a high concentra-
tion, RNA was not revealed therein.

Investigations on ascorbic acid showed that it was contained in the
neurosecreting cells in the form of fine dustlike formation, staining black
and spreading to the cells periphery. There were also such granules
accumulated around cell nuclei. Ascorbic acid was also accumulated along
the processes, in particular along the axones of hyperthrophied neuro-
secreting cells. Cells in state of hypertrophy were generally rich in vita-
min C. Ascorbic acid was distributed uniformly in the cytoplasm of glial
elements. A high concentration of ascorbic acid was also noted along
the nerve fibres.

Lipids were found in astroglia and cytoplasm of ganglion cells in the
form of small sudanophilic granules, their intracellular concentration
increasing with the age.

Neurosecretion products, determined after Gomori had the form of
small granules. Their cytotopography and the quantity were aproxima-
tely equal in all age groups. Tigroid was revealed in the form of small
and large granules, their contents being inversely proportional to the
quantity and size of neurosecretion granules.

The increasing concentration of Schiff-positive substances and ascorbic
acid as well as activity of the cytochrome oxidase in neurosecreting cells
in the state of hypertrophy were a very constant and striking feature.

In the state of ,rest” of the neurosecreting cells the contents of Schiff
positive substances, and ascorbic acid was slightly decreased. So was the
activity of cytochrome oxidase.
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S. Kasabyan, J. Romanchikov

NIEKTORE ZAGADNIENIA HISTOCHEMII GLEJU I NEURONOW
PODWZGORZA W ASPEKCIE WIEKU

Streszczenie

Autorzy przebadali zmiany morfologiczne i histochcmiczne w gleju i neuronach
jadra madwzrokowego i przykomorowego podwzgé6rza u ludzi w wieku 20—85 lat.

Material pobierano 6 — 12 godzin po zgonie. Wykonano reakcje na neurosekret,
glikogen, kwasne i obojetne mukopolisacharydy, DNA i RNA, oksydaze cytochro-
mowg, kwas askorbinowy, zelazo i lipidy.

Autorzy stwierdzili obniZzenie zawarto$ci kwasnych mukopolisacharydéw i RNA
oraz wzrost zawarto$ci lipidbw w neuronach w starszych grupach wieku i wzrost
substancji PAS-dodatnich, aktywnos$ci oksydazy cytochromowej i zawarto$ci kwasu
askorbinowego zwiazany ze stanem pobudzenia komoérek wydzielniczych.

C. Kacadan, E. PomaHYMKOB

HEKOTOPBIE BOIIPOCHI I'MICTOXVMMMM TIJMUM UM HEVPOHOB TUIIOTAJIA-
MYCA B ACIIEKTE BO3PACTA

Pe3wome

ABTOPBI MCCJIEA0BANM MOPMOJOrMYecKue M TMUCTOXMMMUYECKMEe U3MEHEeHMA B Il
¥ HeMpOHAaX CYIPAONTHYECKOTO M NepMBEHTPUKYJIAPHOTO fAApa rurnoralamMyca y Jic-
aey Bo3pacra 20—85 ner.

Marepnan Opann 6—12 yacos mocse cveptu. IIpoBesy peakuyMy Ha HEMPOCEKPET.
TJIMKOIeH, KMuCJble M HelTpaJjbHble Myronoaucaxapuiasl, JHK »u PHK, uuroxypoMm-
HYI0 OKCMAasy. aCKOPOMHOBYIO KMCJIOTY, KeJe30 M JMIINAbL

ABTOpPbl OOHAPYZIIM CHUIKEHME COAEPXKaHUA KUCILIX MYKONOJMCaxapujaoB 1
PHK, a rTakiXKe yBenMyeHMEe COAEPIKAHMA JUMMAOE B CTAPLUMX BO3PACTHBIX TIPyI-
nax B HeypoHax M poct ITAC — NDO3UTMBHBIX BENIECTB, LIMTOXPOMHOM OKCUIAA3BI
¥ acKkopOMHOBOM KMCJIOTHI, CBA3AHHBIA C COCTOSIHMEM BO30YXKAEHMS CEKPETOPHBLIX
KJIeTOK.
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The ultrastructure of glial elements during their development was
studied only little (Tennyson, Pappas 1962, Fujita H., Fujita S. 1964,
Wechsler, Meller 1967, Malinsky, Brichova 1967, Malinsky 1968). More
attention was paid to the developing neuroblasts (Fujita H., Fujita S.
1963, Wechsler 1966, Herman, Kaufman 1964, Tennyson 1962, Malinsky
1968). In man this topic remains unsolved and our previous papers
(Malinsky, Krajci 1968) also concerned mainly the developing neuro-
blasts. Therefore the present paper will describe cytologic changes oc-
curring in human glioblasts during their differentiation and evaluate
them by means of the morphometric method.

Spinal cords of 75 human embryos and fetuses in the age of 3 to
20 weeks were fixed in glutaraldehyde and osmic acid, embedded in
Araldite ACM, and ultrathin sections investigated under the electron
microscope. Quantitative evaluation used the stereologic method of Wei-
bel et al. (1966). '

In the early embryonic period most cells in the primitive spinal cord
are undifferentiated and immature — the so-called matrix cells, which
are predecessors of both neuroblasts and glioblasts. They have large
nuclei with more than one nucleoli; their cytoplasm contains many
free ribosomes, solitary or in small groups. Both sacs of endoplasmic
reticulum and the other organelles are rather scanty (Fig. 1).

The volume of the cytoplasm in the cells differentiating into neuro-
blasts increases and the proportions and the distribution of cell organelles
change. Mitochondria grow both in number and size and so does the
Golgi area. The most remarkable changes can be observed in the ultra-
structure of the ergastoplasm. In those parts of the cytoplasm, which in
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the matrix cells are filled only with ribosomes, there appear sacs of
endoplasmic reticulum of either reticular arrangement (Fig. 2) or parallel
orientation (Fig. 3). During further fetal development these areas grow
and get the appearance of typical Nissl clumps.

The ultrastructure of the cellular elements differentiating into glio-
blasts is clearly distinguishable from the ultrastructure of immature
neuroblasts. Since their first transitional stages these cells are found
to contain in their cytoplasm fewer ribosomes and the total density
of their cytoplasm is much lower (Fig. 4). In the first half of the
embryonic period the mantle zone has many cells representing transitio-
nal stages from undifferentiated matrix cells to neuroblasts and glio-
blasts. Only some of them can in this period with certainty be classified
as neuroblasts and glioblasts. Towards the end of the embryonic period
the easily classifiable cellular elements are more frequent and, moreover,
the immature astroblasts can already be distinguished from immature
oligodendroblasts.

The immature astroblasts have more cytoplasm (Fig. 5) forming wider
cytoplasmic processes (Fig. 6). Its density is very low so that the cells
are similar to mature astrocytes with their typical light ,watery” cyto-
plasm and very few organelles. There are small mitochondria, Golgi
areas, and rather numerous agranular sacs and vesicles. There is very
little granular endoplasmic reticulum and a small number of free ribo-
somes.

The immature oligodendroblasts have rather little cytoplasm forming
only a narrow rim round the nucleus. Their cytoplasmic processes are
thinner, very often of alar form. The density of the cytoplasm is much
higher than in astroblasts and sometimes even more so than in neuro-
blasts. Sacs of endoplasmic reticulum and free ribosomes are more nu-
merous (Fig. 7). The Golgi apparatus is poorly developed and agranular
sacs there are practically none. Some immature oligodendroblasts were
observed to be closely related to neuroblasts adhering to their perikarya
(Fig. 8).

The described ultrastructural differences between the various diffe-
rentiating cellular types were quantitatively estimated by means of the
stereological morphometric method. A system of regularly distributed
test points served to calculate volume proportions between the cyto-
plasm and the nuclei and between individual organelles. The results
are given in Diagrams 1 to 4.

These proportions were compared in immature matrix cells, neuro-
blasts, astroblast and oligodendroblasts of the six week old embryo (Dia-
gram 1).
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Fig. 1. Part of an immature matrix cell with many ribosomes and few organelles
in its cytoplasm. X 30 000.

Fig. 2. An immature neuroblast with reticular arrangement of sacs of endoplasmic
reticulum. X 30 000.
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Fig. 3. Parallel orientation of sacs of endoplasmic reticulum in an immature neuro-
blast. X 30 000.

Fig. 4. Different density of cytoplasm in an immature neuroblast and glioblast.
X 30 000.
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Fig. 5. Part of an astroblast with low density of its cytoplasm. X 30 000.

Fig. 6. Process of an astroblast containing very pale cytoplasm. X 30 000.
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Fig. 7. Part of an oligodendroblast with a higher density of its cytoplasm.
X 30 000.

Fig. 8. An oligodendroblast in satellite position to neuroblast.
X 30 000.
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172 WEEKS

NE A 0
Diagr. 1 Diagr. 2

Diagram 1. Proportions of various cellular organelles in maftrix cells, neuroblasts,
astroblasts, and oligodendroblasts in 6 week old human embryo.

M — matrix cells N — nucleus

NE — neuroblasts C — cytoplasm

A — astroblasts M — mitochondria

O — oligodendroblasts GA — Gelgi area

R — ribosomes ER — endcplasmic retizulum

Diagram 2. Proportions of various cellular organelles in matrix cells, neuroblasts,
astroblasts and oligodendroblasts in 12 week old human fetus.

M — matrix cells N — nucleus

NE — neuroblasts C — cytoplasm

A — astroblasts M — mitochondria

O — oligedendroblasts GA — Golgi area

R — ribccomes IR — endoplasmic reticulum

From the diagram it is evident that already in this rather early em-
bryonic stage there are clear differences in the proportions between the
nucleus and the cytoplasm and even in the percentage of individual
cell organelles. In the astroblasts the cytoplasm takes much greater
portion than the nucleus, and the ergastoplasmic component takes less
than the volume of the Golgi apparatus and agranular sacs together.
In oligodendroblasts it is the other way round. The volume of cytoplasm
is much smaller in proportions to the nuclear volume, and mitochondria
and the Golgi areas with agranular sacs take very little. Neuroblasts
have the highest proportion of cell organelles of all the examined cell
elements. The volume of the ergastoplasm is the largest.

In the 12 week old fetus (Diagram 2) these differences are even more
pronounced. The astroblasts increase the volume of their cytoplasm,
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but the total volume of the cell organelles is rather smaller, which means
a further increase of free ,empty” cytoplasm..In oligodendroblasts the
relative volume of the cytoplasm and of the cell organelles is smaller
than in earlier stages. The neuroblasts show a great increase in the re-
lative volume of their cytoplasm with all its organelles.

Diagram 3 gives the course of the described cytologic changes in the
three different developmental stages of astroblasts; Diagram 4 the chan-
ges of oligodendroblasts in the same stages (6, 10 and 12 weeks).

ASTRO-
BLASTS

O

D

vy

M

GA

R
R

10w 12\
Diagr. 3 Diagr. 4

Diagram 3. Age dependent proportions of various cellular organelles in differen-
tiating astroblasts. ’

W — weeks
Diagram 4. Age dependent proportions of various cellular organelles in diffe-
rentiating oligodendroblasts.
W — weeks

The other abbreviations in the diagrams 3 and 4 as in diagram 1.

J. Malinsky

ROZWOJ ONTOGENETYCZNY KOMOREK GLEJOWYCH ISTOTY SZAREJ
RDZENIA KREGOWEGO CZELOWIEKA

Streszczenie

W pracy opisano ultrastrukture astroblastéw i oligodendroblastéw istoty szarej
rdzenia kregowego u ludzi, we wczesnych okresach ich réznicowania i poré6wnano
ja z obrazem mikroskopowo-elektronowym neuroblastéw. Ro6znice oceniano ilo$-
ciowo w oparciu o metode morfometryczng.
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. ManuHCcKu

OHTOTEHETUYECKOE PA3BUTUE TJMAJBHBIX KIETOK CEPOI'O
BEIIIECTBA CIIMHHOTI'O MO3ITA YEJOBEKA

Pes3wome

CpaBHMBA€ETCA YJbTPACTPYKTypa acTpoOJacTOB M OJMIOAeHAPoOGJIacTOB Ha paH-

HUX 3Tarnax uX amddepeHIPOBKM ¥ CPaBHMBAETCA C SJIEeKTPOHHO-MMKPOCKONMYE-
CKOM XKapTMHOM HelipobaacToB. PasHuIBl OLlEHMBAlOTCA Ha OCHOBaHMM Mopdomer-
PUYECKOT0 MeTOoAa.

10.

11.
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The number and structure of glial elements in the white matter
change to a great extent during its development and maturation; these
changes are most pronounced during the process of myelin formation.
The number of glial cells was studied by Hillebrand (1966), Fleisch-
hauer and Hillebrand (1966) in the corpus callosum of cat and by Wen-
der and Mularek (1971) in the white matter of rat brain. References
concerning the ultrastructure of the developing white matter are but
few, e.g. Wechsler (1966), Wechsler and Meller (1967), Bergquist (1968)
described its fine structure in chicken, and Gamble (1969) mentioned its
ultrastructure in man.

Quantitative analysis of glial elements in human white matter was
not performed at all and there is no sufficient knowledge about their
fine structure either. Therefore we studied these problem on the spinal
cord of man during its development. Some results of our work have been
published in previous papers (Malinsky 1968, Malinska, Malinsky 1970,
1971, Malinsky et al. 1971).

This time we examined spinal cords of human embryos and fetuses
in the age of 3 to 20 weeks, and spinal cords of a newborn and an adult
(20 years) man. Paraffin sections stained with hematoxyline and eosin
and with cresyl violet were used for the optical microscope, and ultra-
thin sections from the material fixed with glutaraldehyde and osmic
acid and embedded in Araldite ACM were examined under the electron
microscope.

The marginal zone, forming the anlage of the future white matter, is
in the early embryonic period completely acellular and contains only
processes of both immature neuroblasts and glioblasts. Bodies of the
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glial cells appear later towards the end of the embryonic period, but
their number is not too great. A rather massive development of glial
cells is found in the fetal period; this being accompanied by the onset
of myelin formation in the immature white matter. Later, in newborns
and adults, the relative number of glial cells in the white matter is again
smaller. The number of glial cells was counted in paraffin sections of
the same thickness in a standard test area and the results calculated
for the unit area of 1 sq. mm, but we did not try to estimate the absolute
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Diagram 1. Relative number of glial cells in the white matter in developing human
spinal cord. W — week, N — newborn, A — adult.

number of cells or their number per unit volume. The obtained numerical
values were used for the construction of diagram 1, which clearly shows
that the relative number of glial cells in the developing white matter
of human spinal cord has its maximum during the fetal period (20 weeks),
the time when myelin formation shows also its great progress. Various
areas of the white matter in the spinal cord do not exhibit the same
degree of myelin formation in various developmental stages, and this
fact is also manifested in the different number of glial cells. These dif-
ferences are shown in diagram 2, which gives the relative numbers of
glial cells in various fumiculi, while in diagram 1 their relative number
was counted only in the lateral funiculus.

The ultrastructure of the marginal zone and of the immature white
matter changes very substantially during the prenatal development. As
already mentioned above, the marginal zone in the early embryonic
period does not contain any cell bodies and its processes are so poorly
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differentiated that even under the electron microscope it is not possible
to make their exact classification.

The cells that appear in this zone later, belong to two different glial
elements, macroglial and oligodendroglial. Macroglial cells are usually
long, spindle-shaped elements, oriented in the marginal zone in radial
direction, i.e. perpendicularly to the surface of the spinal cord. Their
cytoplasm is pale, but there are fibrillar structures gradually appearing
within it, and in the fetal period these cells change into fibrillary astro-

cytes.
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Diagram 2. Relative number of glial cells in various parts of the white matter of
human spinal cord. FA — funiculus anterior, FL. — funficulus lateralis, FP — funi-
culus posterior.

The elements of oligodendroglia undergo more prominent changes.
Immature oligodendroblasts have their cytoplasm of granular structure
which does not contain fibrillary structures or agranular sacs (Fig. 1).
Their alar processes gradually develop characteristic relations to immature
axons, enveloping them from both sides (Fig. 2) and forming typical
mesaxones with spiral arrangement (Fig. 3). These structures are the
first signs of the future myelin formation, but they occur even in pre-
-myelin stages. In later stages of the fetal period, when myelin formation
reaches its maximum, the ultrastructure of oligodendroblasts is quite
different (Fig. 4). The cells participating in the myelination have very
dense cytoplasm and nuclei. Their alar proceses run to the surface of
individual axons, where they form the typical myelin sheaths. In the fetal
period it is possible to distinguish better fibres in the primitive white
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matter than in the embryonic marginal layer, but even here some fibres
remain immature.

Changes of the fibres during their maturation were evaluated by
a quantitative method. We calculated the relative number of fibres per
unit area and measured their diameters. The results given in table 1
show that the diameter of immature fibres does not change substantially
during the whole prenatal period, but their relative number per unit
area increases greatly till the tenth week, but afterwards it falls down
rapidly. This decrease can be explained by the transformation of imma-
ture fibres into specific mature processes, axons, and glial fibres.

Table 1. Size and relative number of fibres in the prenatal and postnatal white matter

_— e —

(weeks) Kind of fibres | Diameter (microns) Number/1 mm?

e T Moo 57 .»__1 IS T WL S r s 0
5 | Immature ‘ 0.25 10 040 000
7 Immature ‘ 0.21 12 000 000
10 Immature 0.21 [ 19 000 000
12 Immature ; 0.23 13 000 000
| Immature ; 0.22 3 000 000
20 | Myelin ‘ 1.06 ‘ 160 000
Adult | Glial ‘ 0.84 ‘ 400 000

Myelin | 3.61 ; 27 500

The results of our studies of the white matter of adult man, were
very interesting. The counts carried out on ultrathin sections demon-
strated that the relative and absolute numbers of glial fibres were many
times higher than the number of myelinated axons. Therefore we estima-
ted volume proportions between the nerve and the glial components in
this tissue by means of a quantitative morphometric method using
a system of test points. We found (Table 2) that the glial elements take
more than fifty per cent of the whole volume of the spinal cord white
matter. But if we take into account that myelin is of glial origin too,
it would be more than 75 p.c. We can also see that the proportion of
axons is relatively small (less than 20 p.c.).

The demonstrated results show that glial elements are very important
for the developing white matter of the spinal cord particularly in the
period of myelin formation, when there appear special cellular forms
of oligodendrocytes, found neither earlier not later. In the adult white
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Fig. 1. Part of an immature oligodendrocyte in the white matter of 8 week old fetus. X 30 000.
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Fig. 2. Alar processes of an immature oligodendrocyte envelope a large axon. X 30 000.
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Fig. 3. Spiral arrangement of mesaxon round a small axon. X 50 000.




Fig. 4. Dark oligodendrocyte in the white matter pf 30 week. old fetus.,Its processes participate
lakige / akonk) . X122.900.
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Table 2. Proportions (in per cent) of individual structures in the white matter of adult
spinal cord

Myelinated fibres 41.0

Axoplasm } 1 18.5
Myelin sheath ‘ 25.5

Glial elements ‘ 52.5
Glial fibres ‘ 38.6
Cell bodies : cytoplasm ! ‘ ‘ 8.5
nuclei | 4.4

Mesenchymal elements ‘ 5.6 i
Blood capillaries ‘ ‘ 2.6
Connective tissue 3.0
Intercellular spaces ‘ 0.9 0.9
‘ 100.0 ‘ 100.0

t

matter the volume proportion of glial elements is very high, so that
their significance cannot be limited to some a passive supporting func-
tion.

J. Malinska
ZMIANY ROZWOJOWE ELEMENTOW GLEJOWYCH ISTOTY BIALEJ RDZENIA
KREGOWEGO CZLOWIEKA
Streszczenie

Przebadano zmiany w iloSci i obrazie ultrastrukturalnym komoérek glejowych
w istocie bialej rdzenia kregowego czlowieka w okresie rozwoju i poréwnano je ze
zmianami ilo$ci, gestosci i $rednicy wilb6kien nerwowych i glejowych.

fI. Manuuckas

USMEHEHMA PA3BUTUA TJIMAJBHBIX 3JEMEHTOB BEJOI'O BEHIIECTBA
CIIMHHOTO MO3TrA YEJOBEKA

Pe3zome

WccnenoBanu wm3MEeHEHMS KOJMYECTBA INIMAJbHBLIX KJIETOK UM MX YJABTPACTPYK-
TYPHOTO CTPO€HUA B OeJloM BellecTBE CIMHHOIO MO3Ta 4YeJjoBeKa B TedyeHMue pa3Bu-
TUA M CPaBHUBaAJM MX € UBMEHEHUAMM KOJMUYeCTBaA, IIJIOTHOCTM M JAMaMeTpa
HEePBHbIX M IIMaJIbBHBIX BOJIOKOH.
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Advances in quantitative cytochemistry of the nervous system have
resulted in a number of data concerning chemical composition and meta-
bolic dynamics of individual neurons. Meanwhile, functional biochemistry
of the neuron still needs intensive efforts to elucidate molecular mecha-
nisms responsible for the specific activity of the neuron. Being the most
important cellular structure of the nervous system, the neuron, never-
theless, is only a part of the whole morphological unit of the nervous
tissue. The other part is constituted by neuroglial cells which morpholo-
gically represent a link between the neuron and the capillary network
(for literature, see De Robertis, Gerschenfeld 1961).

Studies on the bioelectrical pattern of the nervous tissue have enabled
neurobiologists to suggest a participation of glial cells in the specific
phenomena of the nervous system such as excitation, inhibition, conduc-
tance, etc. (Galambos 1961, Tasaki 1965, Kuffler, Nicholls 1966, Roitbak
1968, 1969).

Basing on biochemical peculiarities of the neurons and glial cells
Hydén (1959, 1960, 1964, 1967) put forward the idea of a single metabolic
neuron-neuroglia unit. His most interesting data as well as some results
obtained by Pevzner and his coworkers (Pevzner 1965, 1968, 1971;
Pevzner, Haidarliu 1967; Saudargene, Pevzner 1969) indicate a possibility
of parallel changes of RNA metabolism in the neurons and their glial
satellite cells under some experimental conditions.

In experiments, the authors often applied rather drastic unadequate
loads upon the nervous system such as an electric stimulation, hypoxia,
administration of enzyme inhibitors, drugs, etc. Therefore, it seemed
worthwhile studying the RNA metabolism within the neuron-neuroglia
unit under more adequate, milder loads.
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Besides, it should be noted that, in general, studies on the functional
biochemistry of the neuron have dealt mainly with effects of some
factors rather than with the following reparation. In our opinion the
analysis of the reparation metabolic dynamics might add a valuable in-
formation about the biochemical features of the neurons and neuroglia.

Therefore, the task of the present communication was to compare the
dynamics of RNA changes within the neuron-neuroglia units which differ
in their functional role under some loads and during the reparation
period. Thus we studied the content of RNA per cell in the motor neurons
of spinal cord anterior horns and sensitive neurons of spinal ganglia
as well as in the glial cells adjacent to these neurons under conditions
of hyper- and hypo-kinesia and during the restoration of normal motor
activity.

MATERIAL AND METHODS

All the experiments were performed with male white mice weighing
28—32 g. As a model of hyperkinesia, swimming in water at 34—36°
for 2—4 hr was applied. The animals were sacrificed immediately after
the end of the swimming as well as 2—24 hr later.

To study hypokinesia, each mouse was placed into an individual nar-
row cage which restrained the movements of the mice without, however,
their complete immobilisation. The restrained mice like the control ones,
were given food and water ad libitum. There was a moderate excitation
of the animals during the first 2—3 days of the restraint, later on the
mice looked adapted. By the end of 3 weeks of the restraint there could
be observed the so called “hypokinesia complex”: weight loss (by
15—20%), paresis of hind legs, failure of locomotor coordination etc. The
normal motor activity was restored in the animals 2—3 days after the
cessation of 3 week restraint.

A group of mice was sacrificed immediately after 2 or 3 week restraint,
another group of the animals, after 3 week restraint, was kept under
conditions of free motor activity for 2—72 hr. As control, those mice
were used which were constantly in a state of a relative physiological
rest. Each group included 5—6 animals.

All the mice were decapitated without anaesthesia. The lumbar enlar-
gement of the spinal cord as well as the adjacent spinal ganglia were
fixed in a cold Brodsky solution (formol-ethanol-acetic acid, 3:1:0.3, by
vol.) and embedded in paraffin. In 10 u slices an optical density (extinc-
tion) of RNA was measured in the cytoplasm of neurons and in the
bodies of glial satellite cells by means of two-wave length ultraviolet
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cytospectrophotometry at 265 and 280 mu (Agroskin et al. 1960) using
the two-wave length, one-beam cytospectrophotometer constructed by
Agroskin (1964). The optical scheme of this photometer as well as details
of measurements and calculations were described elsewhere (Pevzner
1959, 1963a, 1966a).

On measuring the optical density (D) of the cell studied the concen-
tration of RNA was found according to Bouger-Lambert-Beer’s law:

D
c =
Zxh
where ¢ is concentration (g/cm? or pg/um?), y — extinction coefficient,

h — thickness of sections (cm).

The absolute amount of RNA (pg) per cell was determined by multi-
plying the concentration value by the volume of the cytoplasm of neurons
or by the volume of the body of glial cells. Cellular volume was calcula-
ted basing on the rotation ellipsoid formula. Large and small diameters
of the cell were measured by means of an eye-piece micrometer in the
nervous tissue sections stained with gallocyanin chromalum according
to Einarson (1935, 1951).

RESULTS

Cytophotometric analysis of several methods of a selective RNA extrac-
tion from the sections of the nervous tissue

Absorption in UV is characteristic not only for nucleic acids but also

for protein. The absorption coefficient of the former is 30-—50 times as
high as that 6f the latter (Caspersson 1936). However, the concentration
of proteins in the cell body is as a rule much higher than that of the
nucleic acids. Therefore the percentage of the absorption due to the
proteins in the total UV-absorption of the fixed animal cell can be rather
high. ;
Two different principles are used to measure separately nucleic acids
in spite of them being in a mixture with cellular proteins. Caspersson
(1936, 1950) suggested to subtract the absorption of the cellular protein
from the total spectrum of the cell studied. The shortcoming of this
suggestion consists in that UV-absorption of the protein is due to its
aromatic amino acids (mainly tryptophan and tyrosine) of which con-
centration and ratio remain unknown. Caspersson (1950) used for his
calculations a ”standard” relation: 5 per cent of tyrosine and 1 per
cent of tryptophan. However, the ratio of aromatic amino acids within
the cellular proteins may fluctuate markedly.
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The correctness of the determination of the nucleic acids much depends
also upon their ratio to the protein. If it is the protein which is mainly
responsible for the cell absorption the error of the nucleic acid determi-
nation can be as high as 30—40% (Sandritter 1957, Sandritter et al. 1958).

Therefore, a number of authors, to beging with Pollister and Ris (1947)
have used another method of separation of the absorbing substances. In
this case, like in Caspersson’s method, the spectrum of the absorbing
structure is believed to be a sum of the absorption spectra of individual
chemical components. So one of these components is eliminated to com-
pare the total and residual absorption of the same structure. Thus, the
optical density of RNA can be determined as a difference between the
cell density values before and after the extraction of RNA.

The most specific method of RNA extraction is of course the treat-
ment with RNA-ase solution. However, this treatment is shown by some
authors to extract only a part of the RNA bulk from the fixed sections
(see, for instance, Sandritter et al. 1957; Brodsky 1966). More available
in this respect are methods of acid extraction of RNA from the sections.
But conditions of this extraction presented in various papers differ to
great extend and as has been pointed out the distinct extraction condi-
tions must be applied to every tissue studied. Besides, the completeness
or the extraction, as far as the nervous tissue sections are concerned,
was checked only visually.

Therefore we considered it worthwhile to evaluate quantitatively se-
veral methods of the acid extraction of RNA from the nervous tissue
sections by applying both visible and UV cytophotometry.

Determinations were made on 5—7 u sections of Brodsky fixed su-
perior cervical sympathetic ganglia and cerebral cortex of the cat.

Koenig and Stahlecker’s (1952) scheme of extraction seemed rather
suitable: a treatment of sections with 10% perchloric acid at 37° for
15 min. But these authors have noted that thereby DNA also begins
to be extracted within 20 min. after the beginning of the perchloric
acid extraction.

To check up this scheme of extraction we photometried the cytoplasm
and nucleus of the neurons by means of UV-cytospectrophotometry at
265 mu at various time intervales after the beginning of the perchloric
acid treatment according to Koenig and Stahlecker (1952). It was found
out that their scheme of extraction was not suitable for our object of
studies: at the moment when the extraction of RNA had not yet been
completed an intensive extraction of nuclear DNA already began (Fig. 1).

Milder conditions of acid hydrolysis of RNA with perchloric acid
(treatment with 10% HCIOs at 23—26°C for several hours) were suggested
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by Ogur and Rosen (1950). To check up this scheme of extraction we
stained the sections with Einarson gallocyanin chromalum (Pearse 1962)
and measured the optical density of cytoplasmic RNA by means of two-
-wave length photoelectrical cytospectrophotometry (Mendelsohn 1958,
Agroskin et al. 1960) at 580 and 460 muw using the aperture visible cyto-
spectrophotometer constructed by Agroskin (1964). However, when trying
Ogur and Rosen’s method of extraction we failed to succesed in a com-
plete extraction of cytoplasmic RNA, even as late as after 6 hr treatment
of the sections with 10% HCIO, at 23—26° (Fig. 2A). An attempt was
also made to measure the content of nuclear DNA by means of visible
cytospectrophotometry at 580 and 490 mu of the Feulgen stained sections.
The optical density of DNA was shown to be somewhat increased, what

E
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Fig. 1. Effects of perchloric acid (10% HClO,, 37°C) on ultraviolet absorption of the

cytoplasm and nucleus of nerve cells. Ordinate represents extinetion in logarithmic

units, abscissa represents duration of acid extraction (i.. min.). C — cytoplasm,
N — nucleus.

might have been the result of a shrinkage of nuclei in the section or
probably from alterations of properties of DNA molecules. Detailed study
of this point seemed rather difficult because in the course of usual
Feulgen hydrolysis with I N HCI, a majority of HClO,-treated sections
was lost from the object glasses, this phenomenon being one of the addi-
tional defects of the method of RNA extraction.

Ogur and Rosen (1950) also suggested another scheme of RNA extrac-
tion at lower temperatures (not higher than 4°) with a perchloric acid
treatment lasting as long as 2—3 days. Cytospectrophotometric evaluation
of this method has shown that 10% HCIO, at 4° for 72 hr does extract
RNA in fact completely without extracting cellular DNA (Fig. 2B). The
disadvantage of this method, however, is its duration. Some success in
this point can be achieved by using a more concentrated solution of the
acid (Hess, Thalheimer 1965). Indeed, the treatment of sections with 16%
cold perchloric acid has been found to result in a complete RNA extrac-
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tion in 48 hr while DNA content remained unchanged under these con-
ditions (Fig. 2C).

It is of practical importance for the UV-cytospectrophotometry that
the cellular proteins should not be extracted in the course of the extrac-
tion of nucleic acids. Using cytointerferometric method Pevzner et al.
(1964) earlier showed that the value of the cell optical density at 280 mu
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Fig. 2. Effects of perchloric acid on the content of RNA in the cytoplasm of nerve
cells (visible photometry of preparations stained according to Einarson).

after the extraction of the sum of nucleic acids with a hot trichloracetic
acid reflects rather well the content of total cellular protein. Therefore
we compared the data concerning the transmissions at 280 mu after the
treatment with 5% trichloracetic acid and with the solutions of perchloric
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acid. As seen from Figure 3 the extraction with 16% HCIO, at 4° for
48 hr did not influence the protein content in the nerve cells.

Basing on all these data we choose for further experiments the treat-
ment of sections with 16% perchloric acid at 4° for 48 hr as a sufficiently
reliable method of selective RNA extraction.

04T F} h
03
02+

Fig. 3. Effects of perchloric acid on afk

the content of protein in the cytoplasm

of nerve cells (ultraviolet cytospectro- A

photometry). Ordinate represents trans- s

mission at 280 mu after the acid ex- 10%HCloy 16%HCIOy 5% TYY

traction of RNA. 4 0,72,1" 4°C,48hr 90 C,6m//7

Absolute amount of RNA per cell in the neurons and their glial satellite
cells of mouse spinal cord anterior horns and spinal ganglia in the state
of relative physiological rest

The extraction scheme described above permitted us to compare the
optical densities of cell before and after the selective extraction of RNA,
this difference of the densities corresponding to the optical density due
to RNA molecules. By calculating RNA concentration and multiplying
it by corresponding values of cellular volumes, the absolute amount of
RNA per cell (in pg) was found. As seen on the Table 1, in the mice
which are in a state of relative physiological rest, the mean quantity of
cytoplasmic RNA in the spinal ganglia meurons is about twice as high
as that in the motor neurons of spinal cord anterior horns. The same
holds true for their glial satellite cells: in the spinal ganglia, neuroglial
cells are somewhat richer in RNA than in the spinal cord anterior horns
(Table 1).

Table I. Amount of RNA per cell in areas of mouse spinal cord

" Neurons ; Glia
Wy (.)f Number Number Monn. SN Number Number km ity
the spinal amount | of amount
cord _Of of (in pg) | bkl of (in pg)
animals cells + SEM. | animals cells + S.EM.
|
Anterior 50 974 113.8 ‘ 50 875 2.82
horns + 8.4 | -+ 0.16
Spinal 51 1119 255.4 51 1064 4.00
ganglia +17.6 1| + 0.20
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Effect of swimming and following rest on RNA content within the
neuron-neuroglia units of mice spinal cord anterior horns and spinal
ganglia

In the motor neurons of anterior horns, the swimming for 3 hr and
in particular for 4 hr induced a pronounced increase in the content of
cytoplasmic RNA. No changes were observed in the RNA content in the
glial cells of the spinal cord under these conditions (Fig. 4A).

In the sensory neurons of spinal ganglia, quite different dynamics
was revealed: after 2 hr of swimming the content of cytoplasmic RNA
markedly decreased but later it returned to normal and subsequently
did not change till the end of the experiment. Their glial satellite cells
were characterized by no changes in RNA amount after 3 hr swimming,
to decrease somewhat after 4 hr swimming (Fig. 4B).

ARNA % ARNAY
+60[ +60r
+5i 0!- +50+
+40/ +40+
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¢20. +20
+10 T Dyl +10
) b0y SaREK [ 0
O—— — ——= -10
20 -20
-30L -30

Fig. 4. Changes in the content of RNA in the neurons and neuroglia of spinal

cord anterior horns (A) and of spinal ganglia (B) at swimming of various duration.

Ordinate represents per cent deviation of the RNA content per cell from the

corresponding control level, abscissa represents duration of the swimming. N —

neuron, G — glial cells. Dotted lines at both sides from the control level (horisontal

line) and vertical bars mean standard error of the mean multiplied by 1.96 (95%
significance level).

At the end of 3 hr swimming, the content of cytoplasmic RNA still
remained higher for 2 hr and subsequently returned to normal (after
6 hr rest). In the neuroglia of anterior horns, a decrease in RNA content
was observed during the first hours of the rest, the return to normal
proceeding at a slower rate than in the motor neurons (Fig. 5A).

The rest after the cessation of 3 hr swimming was characterized by
no statistically signi‘icant changes in the content of RNA in the cyto-
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plasm of spinal ganglia neurons. In the perineuronal neuroglia of the
ganglia, an increase of RNA content was revealed (Fig. 5B).

Effect of long-term restraint and following free motor activity on RNA
content within the nmeuron-neuroglia units of mice spinal cord anterior
horns and spinal ganglia.

As seen from Figure 6, no statistically significant changes in the
content of cytoplasmic RNA was found either in the motor or in the
sensory neurons studied by the end of 2- or 3- week restraint. There
were no changes in RNA content either in the glial satellite cells adja-

ARNAJe
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Fig. 5. Changes in the content of RNA in the neurons and neuroglia of spinal
cord anterior horns (A) and of spinal ganglia (B) during rest after 3 hr swimming.
Abscissa represents duration of rest. Other symbols as those for Figure 4.

cent to the neurons of spinal cord anterior horns. In the neuroglia of

spinal ganglia the content of RNA was increased after 2 weeks and
diminished after 3 weeks of restraint (Fig. 6).
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After the mice had been taken out of the restraint cages the beginning
of a free motor activity was accompanied by quick and pronounced
changes in RNA content. As early as after 2 hr, a decrease in the content
of RNA occurred both in the neurons and in the glial satellite cells of
spinal cord anterior horns and spinal ganglia, this change being some-
what higher in the neuroglia than in the neurons. Three days after the
cessation of 3- week restraint, the content of RNA returned to normal
in both kinds of neurons studied while in the glial cells a secondary
change (a decrease) in RNA content took place (Fig. 6).
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Fig. 6. Changes in the content of RNA in the neurons and neuroglia of spinal cord
anterior horns (4) and of spinal ganglia (B) during the hypokinesia and the follo-
wing free motor activity. Abscissa represents duration of the hypokinesia in weeks
(to the left of the arrow) and duration of a free motor activity in hours after
cessation of 3 week hypokinesia. Other symbols as those for the Figure 4.

72hr

|
|

72 hr

DISCUSSION

A comparison of different methods of RNA extraction has permitted
us to choose a scheme of selective extraction of RNA without touching
cellular DNA and proteins. This has provided for the possibility of deter-
mining the coritent of cellular RNA by means of UV-cytospectrophoto-
metry (Figs. 2 and 3). Of course, the conclusion both about the comple-
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teness of RNA extraction and about the absence of changes in DNA
and protein content is true only within the limits of sensitivity of the
cytospectrophotometric method. Besides, the suggested conditions of selec-
tive extraction of RNA can be used, in all probability, only for the
nervous tissue sections fixed with Brodsky solution or with similar fixa-
tives. The studies of other tissues as well as with other fixative will
need perhaps different schemes of extraction.

The! results of our studies have shown 3 hr-and particularly 4 hr
swimming to result in an accumulation of cytoplasmic RNA in the motor
neurcns of spinal cord anterior horns (Fig. 4). This is in agreement with
many data of the literature (see reviews by Hydén 1962, 1964; Pevzner
1963b, 1966b; Brodsky 1966; Gaito, Bonnet 1971) which indicate that
an intensive or prolonged functional load (until it induces an exhaustion,
fatigue of neurons) is accompanied by an increase of neuronal RNA.
At the same time, no statistically significant changes in the content of
RNA have been observed under these conditions in the glial satellite
cells adjacent to the motor neurons.

We can think that the functional load (swimming) used in our experi-
ments is more adequate than the motor activity induced by electrical
skin irritation (Pevzner, Haidarliu 1967) or by Metrazol (cardiazol) con-
vulsions (Pevzner, Saudargene 1971), both these kinds of motor activity
in rats causing a decrease of RNA as well in the motor neurons as in
their glial satellite cells of spinal cord.

The cessation of swimming in our experiments resulted in two bioche-
mical everts. On the one hand, the content of neuronal RNA which was
markedly increased owing the load, returned rather quickly to normal.
On the other hand, the content of glial RNA which remained normal
Ly the end of the 3 hrsswimming decreased markedly and only later
returned to the level at rest. In the neuroglia of spinal ganglia, the
content of RNA was also characterized by no changes by the end of the
swimming, but by pronounced changes after the cessation of the load
(Figs 4 and 5). The character of the changes in the glial RNA was
different in the motor and in the sensitive regions of the spinal cord.

Thus, whereas the increased level of functional activity of the nervous
system was accompanied by RNA changes preferably in the neurons,
the reparative changes in RNA content after the cessation of the load
were localized mainly in the neuroglial cells.

Basing on the results of the experiments on restrained mice we may
think that by the end of 2 or 3 week restraint a process of adaptation
developed resulting in maintaining a new level of equilibrium between
the catabolism and anabolism of RNA. This has seemed to be reflected

Neuropatologia Polska — 2 17
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particularly in the absence of RNA changes in the motor and sensory
neurons by the end of restraint (Fig. 6).

On maintaining a stable adaptation, the beginning of a free motor
activity of animals has proved to become a drastic stress-like action. It
was biochemically reflected in a form of pronounced RNA decrease both
in the motor structures of spinal cord and in the sensitive spinal ganglia.
Differences in RNA dynamics between the motor and sensitive neuron-
-neuroglia units appeared later, during the reparation period. Biochemi-
cal differences appeared this time also between the neurons and their
glial satellite cells (Fiig. 6): the latter were characterized by a higher rate
of the return of RNA content to normal.

In general, the data obtained have supported the conception put for-
ward by Pevzner (1965, 1968, 1971): a marked stress-like change of the
functional state of the nervous system is accompanied by similar changes
of neuronal and glial metabolism, whereas a moderate, more adequate
excitation of the nervous system results in the changes of RNA content
which are different in the neurons and neuroglia. These two kinds of
cells are particularly different during the period when the stress-inducing
factor is eliminated, the reparation process in RNA metabolism proceeding
in the neuroglia quicker than in the neurons. Perhaps, such a high rate
of metabolic reparation of neuroglia provides for an important compen-
satory trophic role of the glial cells within a single functional-biochemical
neuron-neuroglia unit.

V. A. Brumberg, L. Z. Pevzner

ZAWARTOSC KWASU RYBONUKLEINOWEGO W JEDNOSTCE
NEURON-NEUROGLEJ W RDZENIU KREGOWYM

Streszczemnie

W pierwszej fazie badan poréwnano skuteczno§é réznych sposobdw wybibrezej
ekstrakeji kwasu rybonukleinowego. Badania prowadzono metodsg cytospektrofoto-
metryczng w ultrafiolecie i w $wietle widzialnym (2 dlugo$ci fal). Za najlepsza
metode, umozliwiajgcg catkowitg ekstrakcje RNA z komoérek z materialu skraw-
kowego, utrwalonego w roztworze formol-etanol-kwas octowy i zatopionego w pa-
rafinie, uznano przeprowadzenie skrawkéw w 16% HCIlO, przez 48 godz. w temp. 4°.
Przy tym sposobie ekstrahowania nie nastepuje utrata zadnej wymiernej ilo$ci
komoérkowego DNA i protein.

Plywanie myszy w wodzie w 34—36° przez 3—4 godz. spowodowalo znaczny
wzrost ilo§ci cytoplazmatycznego RNA w komérce w neuronach ruchowych rogow
przednich rdzenia kregowego. W glejowych komoérkach satelitarnych, przylegajgcych
do tych neuron6éw, mie zauwazono zmian znamiennych statystycznie. Podczas pierw -
szych godzin wypoczynku, po zakoficzeniu plywania, nastepowat stopniowy powrét
do normy zawarto§ci RNA w neuronach, réwnolegle do zmniejszania sie zawarto$ci
RNA w gleju.
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Trzytygodniowe pozbawienie myszy swobody ruchu w pojedynczych klatkach nie
spowodowalo wyraznych zmian w ilosci RNA w komérkach nerwowych i glejo-
wych w rogach przednich rdzenia kregowego, jak réwniez w neuronach zwojéw
kregowych. Spadek zawartosci RNA wykazywaly tylko komoérki glejowe zwojow
rdzenia.

W pierwszych kilku godzinach dowolnego ruchu po zaniechaniu unieruchomienia
we wszystkich rodzajach badanych komérek iloé§¢é RNA znacznie sie zmniejszyla.
Obserwowany nastepnie powré6t do normalnego poziomu RNA byl szybszy w sateli-
tarnych komérkach glejowych niz w odpowiadajacych neuronach.

B. A. Bpymbepr, JI. 3. IleB3Hep

COJ.IEP}KAHI/IE PUBOHYKJIEMHOBOM KMCJIOTEI B CUCTEME
HEVPOH-HEVPOTIJIMSA CIMHHOI'O MOS3TA

Pe3wome

C noMOLIBI0 JBYXBOJIHOBOM LMTOCIEKTPOMOTOMETPUM B ynmpadmo.ne'rosoﬁ' 34
BUAMMO 00JIACTAX CIEKTPa ObLIM COMOCTAaBJEHbl HEKOTOPhIE CXEeMbI M306MpaTesIbHOMN
srerpakiyy PHK. HajieHo, YTO HaAMJIYYIIMM CIIOCOOOM, ITO3BOJIAIOLIMM ITOJIHOCTBIO
skcerparmpoeat PHK mu3 (uKCcuMpoBaHHBIX CcMechbio (hopMalMH-3TAHOJI-YKCYyCHAas
Kucsiora napauHOBBIX CPe30B cocTouT B obpaforke 9™mx cpe3oB 169/-mHoit HCIO,
npu 4°C B Teuenme 48 wac. Takas 9KCTpPakKUUs He yAajdsja HMKAKUX OINPEAesIMbIX
KoamyectB KJaerouHblx JTHK un Genka.

IInaBanue Mblleili B Bojge npu 34-36°C B TeueHme 3—4 yac. BbI3bIBAJIO BbIpa-
JKeHHOe IIOBBILIEHMe KoJmdecTBa LurTorrasMatmdeckoir PHK (B pacdere Ha OfHy
KJEeTKy) B MOTOHEMPOHaX TEepeJHMX POroB CHMHHOrO Mo3ra. He wHabmomammu cra-
TUCTUYECKM AOCTOBEPHBIX M3MeHeHMi copepzxkaHua PHK B rimaJibHBIX KJieTKaxX-ca-
TeJINUTaxX, Npuiexkaliux K 9TUM HelpoHaM. B TeyeHue NepBBIX YacOB OTAbIXa IIO
OKOHYaHMM 3-4acOBOTO IIJIaBAaHMA IIPOMCXOAMJa IIOCTEIIEHHAsdA HoOpMaam3anmsa Co-
aepxkauna PHK B MoTOHepoOHaX NapaijiebHO CHMIKEHMIO COAEpPIKaHUA TIIIMaJbHOIT
PHES

3-HeJleTbHOE OTPaHMYEeHMe ABUIKEHMII y MbIlell B MHAMBUAYAJbHBIX KJETKax
He TIPUBOAMJIO K 3HAUMTEJbLHBIM cAaBuraMm KoamdecrBa PHK B HEPBHBIX M INIMAJbL-
HBIX KJIeTKaxX NepegHMX POTOB CIMHHOTO MO3ra, a TaKzKe B HeMpPOHAX CIIMHAJbHBIX
ragrmeB. JIulb B TJIMAJbHBIX KJEeTKaX CHMHAJBHBIX TaHIJIMEB OBLIO BbIABJIEHO
HEKoTOpoe yMeHblueHue coxepzkanusa PHK. B nepsble yackl CcBODOAHOI JaBUraTesbL-
HOJM aKTMBHOCTHM IIOCJI€é NPEeKpalleHus 9TOoi TIMIIoOKMHe3uu KoandectBo PHK cHmka-
JIoCb BO BCEX MCCJENOBAHHBIX BHUAAaX KJeToK. Ilocienyioilee BOCCTAHOBJIEHME HOP-
MmansHOro ypoeHa PHK xapakrTepuzoBajioch 0oJsiee BBICOKOII CKOPOCTBIO B TIMalib-
UBIX KJeTKax-caTeJJIMTaX, 4eM B COOTBETCTBYIOLIMX HEHPOHAX.
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N. ROBINSON

ENZYME HISTOCHEMICAL ALTERATIONS FOLLOWING
INTRACRANIAL PENETRATION OF A MICRONEEDLE

Department of Anatomy and Histology. The London Hospital Medical College,
London, England

The technique of intracranial injection involves some traumatisation of
nervous tissue and produces a non-physiological point of entry into the
CNS.

The passage of a microneedle into the cerebrum will produce a front
of compressed tissue and the distortion and displacement of cells which
will result in disturbances to cellular metabolism. The subsequent injec-
tion of a small volume of fluid would be expected to result in changes
of pH, electrolyte concentration, temperature and breaking of colloids.

Changes in the histochemistry of enzymes controlling some metabolic
pathways of the rat neocortex and corpus callosum resulting from these
disturbances is reported.

MATERIAL AND METHODS

Adult male rats weighing 250—300 g were used. The animals were
lightly anaesthetised, hair of the scalp shaved off and the animals placed
in a stereotaxic instrument. A sagittal skin incision was made and the
exposed skull scraped clean. Penetration of a sterilised fine glass needle,
approximately 200 n diameter, was made to predetermined depths of the
cerebrum at Area 4 of Krieg (1946) and 5 pl saline injected over a period
of 10 min. using a motor-driven micrometer. After injection the skin was
sutured and penicillin administered. All the animals recovered and be-
haved normally within 30 min.

Animals were killed at 1, 2, 3, 5, 7 and 21 days after operation. Fresh
frozen sections, 10 p thick, were used for the histochemistry of the
enzymes: NADH,-diaphorase, succinate (SDH), glucose 6-phosphate
(G6-PDH) and a-glycerophosphate (¢.GPDH) dehydrogenases, acid (AcP)
and alkaline (AlkP) phosphatases, 5-nucleotidase, adenosine triphospha-
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tase (ATPase), thiamine pyrophosphatase (TPPase), monoamine oxidase
(MAO), and acetylcholinesterase (AChE). The techniques have been pre-
viously described (Robinson 1969).

RESULTS

The passage traversed by the needle was seen as intermittent areas of
tissue necrosis; adjacent to the damage was a narrow region of trauma-
tised tissue, approximately 200 u wide on either side, where most histo-
chemical changes were observed.

Within 24 hours the dehydrogenases exhibited an increase in activity
in neocortex and white matter. NADH:-diaphorase was raised in nerve
cells and glia; in the corpus callosum the enzyme was raised in swollen
glial cells (Fig. 1). Other changes in the dehydrogenases were less mar-
ked. A strong AcPase reaction was seen in nerve fibres (Fig. 2) and in
some nerve cells. A raised 5-nucleotidase activity was confined to nerve
cells adjacent to traumatised tissue.

At 48 hours post-injection NADH2-diaphorase, AcPase and 5’-nucleoti-
dase had further increased in cortical nerve cells. In the corpus callosum
«GPDH, G6-PDH and SDH exhibited some staining which is usually
absent: these enzyme changes were accompanied by an increase in glial
cell population.

At 3 days the dehydrogenases showed further increases in activity in
swollen astrocytes and in round cells adjacent to injury in the neocortex
(Fig. 3). A raised ATPase activity, not previously seen, was observed in
some nerve cells. Abnormally high AcPase activity was localised in par-
ticles which were probably macrophages, lying between disrupted nerve
fibres. Some ATPase activity, normally absent, was seen adjacent to
injury in the corpus callosum.

At 5 days MAO, previously normal, was localised in round bodies and
in fragmented axons within the neocortex. AChE which was also pre-
viously normal, showed a loss in nerve cells adjacent to injury. TPPase
showed an increased diffuse reaction in neuropil; in nerve cells the cha-
racteristic cytoplasmic localisation was lost.

After 1 week 5’-nucleotidase activity was raised in callosal fibres adja-
cent to the region of injected saline; here degenerating fibres and com-
pound granular corpuscles exhibited minute discrete deposits of reaction
product (Fig. 4). AcPase was intense in the same region and also within
cortical glial cells at the site of injury (Fig. 5). Some restoration of the
low mneuropil NADH,-diaphorase activity was apparent and the raised
level in nerve cells persisted. AlkPase raised in blood vessels along the
path of the needle. ATPase was more intense in isolated nerve cells and
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Fig. 1. 24 Hours. Raised NADH,-diaphorase activity in corpus callosum glial cells.
Neocortex above exhibited less response. No counterstain. X 100.

b

S it i

Fig. 2. 24 Hours. High acid phosphatase activity in glial cells and nerve fibres
of the corpus callosum. No counterstain. X 250.
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Fig. 3. 3 Days Raised NADH,-diaphorase activity in socme glial cells adjacent to
injury. No counterstain. X 250.

Fgi. 4. 1. Week. High 5-nucleotidase activity in glial cells and an inconsistent
reaction in nerve cells of the neocortex. No counterstain. X 250.
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Fig. 5. 1 Week. Raised glial cell acid phosphatase activity along the site of needle
penetration. No counterstain. X 40.
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Fig. 6. 3 Weeks. Diminishing adenosine triphosphatase reaction in glial cells and
nerve fibres of the corpus callosum. No counterstain. X 400.
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numerous glial cells in the same well-defined region of injury in the
neocortex.

At 3 weeks post-injection raised dehydrogenase activities still persisted
and both AcPase and ATPase were above normal but poorly localised in
the cytoplasm of nerve cells. The abnormally high reactions of AcPase
and ATPase seen in cortical glial cells and damaged axons were still
apparent; varying intensities of both enzymes were also observed in
areas showing scarring at this time. The abnormal reactions of several
enzymes localised in nerve fibres of the corpus callosum were still de-
monstrated (Fig. 6) and glial cells with enlarged displaced nuclei conti-
nued to exhibit a poorly localised but strong aGPDH reaction. Other
enzymes including AChE, TPPase and MAO showed no further altera-
tions since the small changes reported at 5 days.

DISCUSSION

The damage to tissue seen after penetration of the microneedle at
Area 4 of Krieg was confined to a discrete narrow band of tissue necrosis,
with injury diminishing rapidly away from the site of injection. Where
fluid was injected into the tissue the area of necrosis was greater but
usually within 400w diameter, probably due to the slow rate of release
and diffusion of the fluid. The changes in enzyme activity were gene-
rally confined to the periphery of this area indicating minimal distur-
bance to the metabolism of nerve and glial cells beyond the zone of tissue
injury, particularly in the neocortex.

Changes in enzyme activity over a period of 3 weeks post-injection
were most rapid within the first 24 hours. The increases in activities
of the dehydrogenases indicated that increased demands were being
made on oxidative processes in carbohydrate metabolism. The glial cell
dehydrogenases were particularly responsive to disturbance but varia-
tions in the enzyme changes indicated that the pathways of glucose me-
tabolism were involved to different extents. However, this and earlier
histochemical and biochemical studies indicate that hyperactive astrocy-
tes in both grey and white matter have a high metabolic turnover soon
after injury.

The loss of enzyme activity within the neuropil of neocortex, where
normally a moderate reaction was demonstrated, was probably a reflec-
tion of the sensitivity or some enzymes, for example, NADH,-diaphorase
and a-glycerophosphate dehydrogenase to disturbance. A similar response
has been reported in human pathological conditions (Friede and De Jong,
1964) and after tissue contact with a cold probe (Rubinstein, Klatzo and
Miquel, 1962).
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Phosphatases showed distinct variations in intensity with time. The
early rapid and continuous response to injury of AcPase and also 5-nu-
cleotidase were in contrast to the negligible change of TPPase throughout
the 21 days. TPPase is known to be plentiful in cerebral tissue where
it is more resistant to depletion in a thiamine-deficient diet than other
enzymes. The moderate increase in ATPase after 5 days post-injection
did not parallel the response of the oxidative enzymes also concerned
with energy metabolism and localised within mitochondria.

Two enzymes, MAO and AChE, distributed in the neocortex did not
show any significant changes suggestive of increased metabolic require-
ments following tissue injury.

Enzyme changes in the corpus callosum, especially within the first
few days, were more conspicuous and in some cases contrasted strongly
with changes in the neocortex. Oligodendrocytes and swollen microglia
in an increased cell population exhibited intense AcPase activity in the
corpus callosum not so apparent in the meocortex; the dehydrogenases
generally showed a similar pattern. Where nerve fibres in the corpus
callosum had been severed the intense AcPase reaction adjacent to ne-
crosis gradually diminished away from the site giving the impression of
,,damming up” of the enzyme as though migration of AcPase along fibres
had been interrupted but this suggestion requires substantiation by other
experimental evidence.

The enzyme reactions at 3 weeks post-injection indicated that the high
abnormal levels of dehydrogenases and ATPase, particularly in glial
cells, were at their zenith or even reverting to more normal levels, but
the reactions for AcPase and 5'-nucleotidase persisted.

N. Robinson

ZMIANY HISTOENZYMATYCZNE PO SRODCZASZKOWYM WKLUCIU
MIKROIGLY

Streszczenie

Przeprowadzono badanie aktywnosSci enzymoéw toru metabolicznego glukozy
i fosforan6w, utleniania amin i acetylocholinesterazy w korze moézgu i w spoidle
wielkim w moézgu dorostego szczura po Srbédczaszkowym wkluciu mikroigly.

W okresie 24 godzin komérki glejowe wykazywaly zwiiegkszong aktywnos§é de-
hydrogenaz i fosfataz. Wibkna zmielinizowane charakteryzowata bardzo wysoka ak-
tywno§é kwasnej fosfatazy i 5-nukleotydazy, natomiast niektére enzymy (acetylcho-
linesteraza, monoaminooksydaza i pyrofosfataza tiaminowa) nie wykazywaly zadnych
Po 3 dniach zwiekszona populacja komérek glejowych wykazywala dalszy wzrost
w aktywnoéci tych enzyméw, zwiekszona byla réwniez aktywnos§é ATP. Mono-
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aminooksydaza, acetylocholinesteraza i pyrofosfataza tiaminowa wykazywaly zmiany
po 5 dniach, podczas gdy aktywnos$¢ fosfatazy zasadowej wzrastata tydzien pa
injekcji.

Po 3 tygodniach utrzymywala sie nasilona aktywno§é wiekszo$ci enzyméw przy
obnizeniu aktywnosci ATP.

H. PobunH30H

TUCTOSH3UMMATUYECKME USMEHEHUSA IIOCJE BHYTPUYEPEITHOI'O
BBEIEHUA MUKPOUTJIBI

Pe3wome

VicnepoBanuch M3MEHEHMSA B TMUCTOXMMMM 9SH3MMOB MeTaboJMYEeCKOro MyTH IJI0-
KO03bI M (pocdaToB, OKMCIEHNA aMMHOB, a TaKiKe aleTUJIXOJMHICTepa3bl B neocortex
u corpus callosum Mo3ra B3pPOCJOII KPBICHI II0CJHe BHYTPMUYEPENNHOTO BBeAEeHUA
MUKPOUDIBL B TedeHme 24 4acoB INIMaJIbHbIE KJIETKM OOHAPYIKMBAJIM YBEJINYEHHYO
AaKTMBHOCTL JermuzaporeHas u docdaras. MueanHOBblIe BOJIOKHA XapakTepu3oBaJsa
OYeHb BBICOKAs AKTUBHOCTL KucJoi ocdarasbl M 5 -HYKI€OTHAA3bl, 3aTO HEKOTO-
pble 9H3UMBI (ALUETMIXOJMHSCTEpPas3a, OKCHAa3a MOHOAMMHOB M THaMMHIMpodocda-
Taza) He OOHAPYIKMBAJMM HUMKAKMX wu3MeHeHmit. Ilociae 3 paHelt yBeamdeHHas IIOMy-
NAMA TIMaJdbHBIX KJETOK O0OHapy’XyMBaJia JAaJbHENIINIAI POCT AaKTUMBHOCTM 9TUX
9H3JMOB, YBEJIMYEHHO! Takike ObLia akKTMBHOCTE AT®D., Oxcuzaza MOHOAMMHOB,
ALeTIIIXONMHICTEepasa U TuaMuHImpodocdarasza o0HAPYKRMBAJIM M3MEHEeHMA CIIyCTdA
5 nHeit, B TO BpeMA Korga lgejodyHas ocdaraza yBenmumBasach HEAENI0 CIyCcTa
or MoMeHTa MHBeKIMu. Ilociie 3 Hejaenb yAepPXKUBAJCA YBEJIWYEHHBIA YPOBEHL
OONBbUIMHCTBA 9H3MMOB NPY CHUIKEHMM aKTUMBHOCTH ATD,
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HISTOENZYMOLOGICAL ASPECTS OF REACTIVE ASTROGLIA
AROUND CEREBRAL NECROTIC FOCI

Institute of Neurology and Psychiatry, Academy of Medical Sciences, Bucharest,
. Romania.
Instytute of Medical Histochemistry, Faculty of Medicine, Paris, France *)

So far, the investigations on normal and pathologic enzymatic activity
in neuroglia are not very numerous and the findings reported by various
authors are still a matter of controversy. This leaves a widely open
field for further research.

The present work is an attempt to study the enzymatic reactivity of
astroglia. Our studies dealt with a wide spectrum of enzymes represent-
ing most of the metabolic cycles.

MATERIAL AND METHODS

A group of 8 rats was studied in which a necrotic foci had been pro-
duced in the brain by introduction of a heated dissection needle through
the skull cap. The animals were killed at the 3 day and 1st, 2th, 3d, 4th
and 6th weeks following experimental injury. The brain tissue fragments
were frozen by immersion in liquid nitrogen; 6 — 8 w cryostate coronal
section through both cerebral hemispheres were cut and histoenzymolo-
gical techniques were applied for the detection of the activity of the
chosen enzymes representing the main metabolic cycles (Table 1), accord-
ing to the methods used by Prof. R. Wegmann in the Paris Institute of
Medical Histochemistry.

RESULTS

The brain lesion involved cerebral cortex, corpus callosum and some-
times putamen and caudate nucleus. From the morphological point of
view the lesion consisted of 3 zones: the central necrotic zone, the peri-
pheral zone (around the necrotic foci) comprising agglomerations of

*) The most part of the present work has been carried out during a WHO fellow
scholarship (1970).
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Table 1. Histoenzymological and histochemical techniques used (with abbrevations)

UDPG-GT
Dimedon 4+ PAS
PHYLA I+ 11
G6P-Ase
F-1, 6-P-Ase
ALDA

3 PGA-DH
LDH

ADH
G6P-DH
6PG-DH
NADPH.-TR
LPDH

CA

ICDH

SDH

C-0

MDH
NADH,-TR
ATPase
EST-Ase
N-EST-A
I-EST-A
a-GP-Ase I and II
B-OHBDH
o-GPDH

OR

NS
DHO-DH
GDH

ALP-A
LEP-A

MAO
GABA-TR
GoT

RNA, DNA
AMPase

BE

PAS

UDPglucose-glucosyltransferase
glycogen

glycogen physphorylase I 4 II
glucose-6-phosphatase

fructose-1, 6-diphosphatase
fructose-diphosphate aldolase

3 glycero-phosphate-aldehyde dehydrogenase
lactate dehydrogenase

alcohol dehydrogenase
glucose-6-phosphate dehydrogenase
6-phosphogluconate dehydrogenase
reduced NADP tetrazolium reductase
lipoamid dehydrogenase

aconitate hydratase

isocitrate dehydrogenase

succinate dehydrogenase
cytochrome oxidase

malate dehydrogenase
reduced-NAD-tetrazolium reductase
adenosino-triphosphatase
nonspecific esterase

naphtol acetate esterase

indoxyl acetate esterase

alkaline and acid phosphatase
B-hydroxybutyric dehydrogenase
a-glycerol phosphate dehydrogenase
oil red

Sudan black

dihydroorotate dehydrogenase
glutamate dehydrogenase

alanine amine peptidase

leucine amine peptidase
monoamine oxidase

aminobutyrate aminotransferase
aspartate aminotransferase

the Brachet method

5’-nucleotidase

blue toluidine

periodic acid Schiff reaction

macrophages and the outer zone, consisting of cerebral parenchyma in
the vicinity of the lesion.

The necrotic zone did not reveal any enzymatic activity, except that
of F-1,6-PAse, which gave a diffuse staining at the superficial border
line of the zone. In the cicatrix mesenchymal network of this area the
activity of some dehydrogenases such as ADH, G6P-DH, 6PG-DH, MDH
in 2-week-old lesions and SDH in addition to the above mentioned in the
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3-week-old ones was observed. PAS-dimedont reaction for glycogen re-
vealed the presence of red granules in the above mentioned network.
 The peripheral zone around the necrotic focus displayed as early as
at the 3rd day after production of lesion, the presence of numerous cells
filled with granules of both hydrophilic and hypdrophobic (sudanophilic)
lipids which according to our personal classification (Petrescu 1967, 1970)
were identified as type II myeline-cholesterol-esters lipomacrophages.
These cells revealed intense activities of various enzymes, identical in
their nature and intensity with those described in a previous paper
(Wegmann et al. 1970).

The modifications of the enzymatic activity in reactive astroglia were
observed both in gray (cerebral cortex) and white matter (corpus callo-
sum). Estimation of the enzyme activities of the reactive astroglia was
always made in comparison with the normal picture in the corresponding
areas of the opposite intact hemisphere.

Although the 3-day-old lesion involved the cerebral cortex only, the
corpus callosum being spared, the astroglia in the white matter exhibited
already evident enzymatic changes on almost the whole length of the
corpus callosum. They were expressed by increased activity of the fol-
lowing dehydrogenases LDH, MDH, G6PDH, 6PG-DH, GDH, ICDH, CA,
NADH,-TR, NADPH,-TR (Figs. 1, 2). These above changes persisted
throughout the next stages studied. As regards the SDH, only the astro-
glia neighbouring directly the lesion exhibited some activity of this
enzyme, which was completely absent in the opposite intact hemisphere.
The activity of ATP-ase was not detected.

In the cerebral cortex no obvious enzymatic hyperactivity was noted
in the astroglia around the 3-day-old lesion. However, due to diffuse
granular enzymatic reaction in the neuropil the estimation of astroglial
enzyme activity within cerebral cortex is difficult to carry out, irrespec-
tive of whether it is normal or slightly increased.

In the 7-day-old lesion and in all other older lesions an enzymatic
hyperactivity of the reactive astroglia could be identified in the cerebral
cortex concerning the same enzymes which were seen in the 3-day-old
lesion and additionaly 2 other enzymes: LPDH and GABA-TR (Fig. 3).

In all the lesions, the enhanced enzymatic activities in the cerebral
cortex were present only on a small distance from the necrotic focus.
The number of astroglial cells in the vicinity of the cortical foci could
be only roughly estimated, owing to the presence of other pathological
elements and to the richness of the enzymatic activities in the neuropil.

As to the corpus callosum, the area of astroglial hyperactivity extented
upon almost the whole length of the structure in all the lesions studied.
In the white matter the astroglia, either normal or that with increased
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enzymatic activity, could be very readily detected, as no neuropil ground
was present and, the cells themselves and their processes appeared very
clearly (Figs. 4, 5).

The activity of some enzymes such as G6P-DH, 6PG-DH and ATP-ase
(pH 7.4 and 8.5) seemed increased in the walls of the capillaries around
the necrotic foci.

As to the enzymatic activity of the cortical neurons in the immediate
vicinity of the necrotic foci, an increased activity concerned only
NADH:-TR and acid phosphatase.

DISCUSSION

Our studies reveal that some enzymatic activities present in normal
astroglia become increased as soon as the latter becomes reactive. These
enzymes are of the dehydrogenase group and are involved in a number
of metabolic pathways a.o. in the glycolytic, in tricarboxylic and pen-
tose cycle.

We would like to point out the particular character of SDH-activity
which was not found in normal but was present in reactive astroglia.
As for the presence or absence of SDH activity in astroglia, the results
reported by the different investigators were contradictory. Wolfgram and
Rose (1959), who attributed this contradiction to the differences in the
techniques used, Romanul and Cohen (1959), Potanos et al. (1959), and
Schiffer and Vesco (1961, 1962) have found a normal activity of this
enzyme in normal and reactive astroglia both in human and in some
animal species.

Rubinstein et al. (1962) studying the necrotic foci produced in the
cerebral cortex of cat with so called cold lesion technique reported that
there was no dehydrogenase activity in the necrotic focus, it was slight
in the normal glia in the white matter and increased in the reactive
astroglia. The authors found the following time sequences (from 16 hrs
to 4 days), in the occurence of increased activities: GDH, NADH,-TR,
ICDH linked NADH: P-aGPDH, NADPH:-TR, ICDH linked NADPH2,
SDH. The authors relate topographically the enzymatic hyperactivity to
the presence of oedema in the white matter.

Mossakowski (1970), among others, tonsiders that the normal astroglia
has weak oxydative enzymatic activities which become increased under
pathologic conditions (reactive hypertrophic astroglia).

It should be underlined that owing to the smallness of cytoplasm of
normal astroglia, correct visual estimation of formazan quantity can
hardly be performed; consequently we cannot judge with certainty
whether the normal astrologia has a poor or a marked activity. Hydén
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Fig. 1. Reactive astrocytes within cerebral cortex around the necrotic focus (3 day

old lesion).
a — Glucose-6-phosphate dehydrogenase activity. The beginning of enzymatic
hyyperactivity in astrocytes. Agglomerations of macrophages with intense enzymatic
activity.

b — Acid phosphatase activity. Slight enzymatic activity in scarse astrocytes. Some
round-shaped marcrophages densly filled with final product of enzymatic reaction
are seen.
¢ — NADPH,-tetrazolium-reductase activity. Strong enzymatic activity within
perikarya and processes of astrocytes.

d — Isocitric dehydrogenase activity in astrocytes in the vicinity of necrotic focus.
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Fig. 2. Reactive astrocytes within corpus callosum underlying cerebral cortex with
a necrotic focu (3 day-old lesion), a — Gluconate dehydrogenase activity. b —
Lactate dehydrogenase activity.

Fig. 3. Reactive astrocytes within cerebral cortex, around the 1 week old necrotic

focus.
a — Aconitate hydratase activity. Intense enzymatic activity around necrotic focus.
No obvious enzymatic activity is seen in the opposite intact hemisphere. b — Acid

phosphatase activity in the hypertrophied astrocytes.
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Fig. 4. Reactive astrocytes within corpus callosum, underlying cerebral cortex
wiith' 1 week old necrotic focus. a — Aconitate hydratase activity. b — Isocitric
dehydrogenase activity.

Fig. 5. NADH,-tetrazolium reductase activity in astrocytes of corpus callosum in

the brain with 6 week-old nccrotic focus. a — Reactive astrocytes close to the
focus. b — Normal astrocytes in corresponding area of the opposite intact hemisphere.
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(1960) studying isolated cells by means of refined microchemical tech-
niques has found that the succinic dehydrogenase and cytochrome-oxi-
dase activities are more intense in the satellite glia than in the nerve
cell.

The increase of enzymatic activities in the reactive astroglia is evident
as early as on the 3rd day after lesion (first stage studied in this work)
when the astroglia is not yet hypetrophied. However, in older lesions
when astroglia becomes hypertrophic, estimation of these increased en-
zymatic activities in comparison with the activities in normal astroglia
is difficult to perform only visually (on histochemical preparations), as
the two cells (normal and hypertrophic astroglia) are different in size
and shape. A correct answer to the question whether the hypertrophic
astroglia is much more enzymatically active than the normal one can
be given only by determinations performed per unit of cytoplasm surface
or volume.

Concerning the minimum time interval after lesion during which an
enzymatic hyperactivity in reactive astroglia might occur, some authors
showed: 3 hours in experimental hypoxia for G6P-DH (Domanska 1970;
cited by Mossakowski 1970), 6 hours after injury for the enzymes of the
glycolytic cycle, somewhat longer for those of the tricarboxylic cycle
(Friede 1966); 12 hours for NADH:-TR and dehydrogenases linked to
coenzyme I (Rubinstein et al. 1962).

Some authors found that the activities of the enzymes other than
dehydrogenases were also increased in the reactive astroglia. This con-
cerned acid phosphatase as reported by Koenig and Barron (1963),
Schiffer et al. (1967) and Wender and Kozik (1969) in multiple sclerosis.
The latter authors also found increased ATP-ase and TPP-ase in this
disease.

Another finding of the present work is that the reactivity of astroglia
was more spread in the white matter than in the gray matter as it
included almost the whole length of corpus callosum already in the
3-day-old lesion (which had not penetrated this structure) whereas is was
strictly confined around the focus in the gray matter even in the 6-week-
-old lesion.

A. Petrescu

HISTOENZYMATYCZNE WEASCIWOSCI ODCZYNOWEGO ASTROGLEJU,
OTACZAJACEGO OGNISKO MARTWICY MOZGU
Streszczenfe

Ognisko martwicy tkanki nerwowej wywolywano poprzez wprowadzenie roz-
grzanej igly preparacyjnej do pétkuli mézgu szczura.

Neuropatologla Polska — 2 1¢
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Juz w 3 dni od uszkodzenia tkanki (najwcze$niejszy okres badan) stwierdzono
wyrazne zmiany histochemiczne w astrocytach odczynowych. Polegaly one na
znacznym wzroscie aktywnosci enzymoéw wykrywanych réwniez w gleju prawidlo-
wym. Nalezaly do nich nastepujace enzymy: LDH, G-6-PDH, 6PGDH, GDH,
GABA-TR, ICDH, CAH,, LPDH, NADH,-TR, NADPH,-TR. Ponadto stwierdzono po-
jawienie sie nieprawidlowej aktywnos$ci dehydrogenazy bursztynianowej i kwa$nej
fosfatazy.

W istocie szarej (kora moézgu) odczynowe astrocyty obserwowano jedynie w bez-
posrednim otoczeniu ogniska uszkodzenia tkanki, podczas gdy w istocie bialej (spo-
idlo Wielkie) wystepowaly one réwniez w rozleglym obszarze tkankfi, oddalonym
od ogniska (na calej dlugos$ci spoidia wielkiego). R6znice rozleglo$ci odczynu w isto-
cie szarej i bialej utrzymywaly sie przez caly okres obserwacji (od 3 do 40 dnia po
uszkodzeniu tkanki).

W astrocytach odczynowych stwiierdzono wylgcznie wzmozong aktywno$é tych
enzymo6w, ktére wystepujg w astrogleju prawidlowym.

A. Ilerpecky

TUCTOSH3MMATUYECKME CBOVICTBA PEAKTUBHOM ACTPOTJIUM
OKPYZKAIOIIEM OYAT HEKPO3A MO3TA

Pe3wowMme

BeezienneM Harperoit npenapanyMoHHOM WMIVIbl BbI3bIBAJICA KPOBOTOYAIMII o4ar
HEKpo3a B MO3ry KpbIcbl. OTueTIMBasg aKTMBHOCTL MCJieJJOBAHHBIX errunporenas (LDH,
G-6-PDH, 6-PGDH, GABA-TR, ICDH, CAD, LPDH, MDH, NADH,-TR, NADPH,-
-TR) B HOPMaJbHO} aCTPOIJMM YBEJIUYMBAETCA 3HAYMUTENBHO B KJIETKAaX pPEakTUB-
HOJ acTporamym yzxe Ha 3 JeHb IHocje o0pa3oBaHMA odara IIOBPeXAeHUs (nepBbhi
MCCIe0BaHHbI Tiepuoia). B peakTuBHOM acTporiamyu oOHApYyRMBAETCA TaKiKe I1aTo-
Jorm4yeckad aKTUMBHOCTb CYKUMHaATAErMAporeHasbl u Kucyoi docdarasbl.

B GenoMm BemecTBe peakTMBHas acTporamsa (cmaika Mosra) obHapys:KuBaeTca He
TOJLKO B 6JM3KOM coceJicTBe ouara, KaKk 9TO MMEeT MECTO B CepOM BellecTBe (Kopa
Mo3ra), a moYTy BJOJb LEJION AJIMHBLI OOJbLIION Ccraiky (B MOBPEXRAEHUAX AJNALMXCT
oT 3—40 auen).
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THE ONTOGENETIC DEVELOPMENT OF SATELLITE CELLS
IN SPINAL GANGLIA

Department of Electron Microscopy, Medical Faculty of the Palacky University,
Olomouc, Czechoslovakia
Direktor: Doc. MUDr. J .Malinsky, CSc.

Ontogenetic development of spinal ganglia was in the first half of this
century studied mostly under the light microscope. Summarizing reports
were given by Streeter (1912) and Scharf (1958). Electron microscopy
confirmed most of the earlier light microscopical findings supplying
ultrastructural details.

The ultrastructure of spinal ganglia in rabbit embryos during their
ontogenetic development was described by Tennyson (1965); the investi-
gation was, however, centred upon developing neuroblasts. Prenatal de-
velopment of satellite cells in the spinal ganglia of chicken embryos was
studied by Pannese (1969) who divided ontogenetic development of sa-
tellite cells into four stages. In the course of this process there are chan-
ges in size and shape of the satellite cells, in their topographic relation
to nerve elements and in the ultrastructure of the cytoplasm of these
cells. In most animals the development of the satellite cells is not finish-
ed before birth and it goes on during their postnatal developmersii.

We have been studying various phases of the ontogenetic development
of spinal ganglia for some time (Malinsky 1967, Krajc¢i, Malinsky 1968,
Krajéi 1971). Present work deals with the early period of prenatal deve-
lopment of satellite cells in human embryos (4 to 12 weeks old) and
describes the satellite cells in final stages of prenatal period and during
the postnatal development in the spinal ganglia of rat (14 and 20 days
old embryos, newborns 5, 10, 28, 42 days old, adults), and of cat (new-
borns 5, 10, 21, 30, 90 days, adults).

Tissues were fixed either by immersion (human embryos) or by per-
fusion of the vascular bed. Fixation in 3 p.c. glutaraldehyde was follow-
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ed by second fixation in 1 p.c. osmic acid, dehydration and embedding
in Vestopal W, Durcupan ACM or Epon 812. Semithin sections (0.7 w)
for light microscopy were stained with toluidine blue, ultrathin sections
were contrasted with uranium acetate and with lead citrate after Rey-
nolds. Electronograms were supplied by electron microscopes Tesla BS
242 and BS 613.

It the course of the development of spinal ganglia the differentiation
of all cells does not take place at the same time so that very often in one
ganglion we can find cells in different phases of their ontogenetic deve-
lopment. In the early embryonic period this asynchronous development
of neuroblasts and glioblasts is not so obvious as later when among
differentiated cells we can find neuroblasts or glioblasts of a very low
degree of maturation.

The lowest degree of differentiation in cells of the spinal ganglia was
found in 4 weeks old human embryos when ganglion and glial elements
could not be reliably distinguished (Fig. 1). The cells are in a mutual
close contact without any visible intercellular clefts (epitheloidal arran-
gement). They do not differ either in size or shape, the nucleoplasmic
proportion is typical for young embryonic cells. The nuclei take the
largest portion of the cellular volumes, they are round with fine chro-
matin and pronounced nucleoli. The ultrastructure of the cytoplasm
completely corresponds to this low degree of cell differentiation. Out of
the ergastoplasmic structures the granular components (ribosomes) are
the most frequent, while sacs of endoplasmic reticulum are small and
solitary. There are mitochondria, Golgi apparatus, and solitary dark
bodies of lysosomal ultrastructure.

Only in some cells we could observe excentric nuclei and increase of
cytoplasm on the opposite side of the cell. In this part of the cytoplasm
there are more mitochondria and other organelles. These cells can with
great certainty be denoted as the youngest neuroblasts, while glioblasts
cannot still be identified.

In the next phase of the ontogenetic development the satellite cells
can better be distinguished from neuroblasts (Fig. 2). The nuclei of glio-
blasts remain small, oval, with higher density of chromatin than in neu-
roblasts. The cells change their shape from the original round elements
into a star or spindle shaped cells adhering to the surface of the neuro-
blasts and sending forth very thin processes penetrating among neuro-
blasts, which were before in close contact (Figs. 3, 4). These processes
gradually become larger and separate neighbouring neurons by a stripe
of satellite cell cytoplasm still common to both neurons. There are no
intercellular clefts yet (Figs. 4, 5). Glioblasts get their typical satellite
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position, but characteristic for this transitional stage is the relation of
one primitive satellite cell to several neuroblasts at the same time.

Ultrastructure of the cytoplasm of glioblasts is in this devel‘op'mental
phase clearly different from the cytoplasm of neuroblasts. While in neu-
roblasts there is an intensive increase of polyribosomes and there are
more sacs of endoplasmic reticulum, the cytoplasm of glioblasts remains
relatively light with solitary ribosomes and rare small sacs of endoplas-
mic reticulum (Figs. 2, 4, 5). One can also find here other organelles
described in the preceeding stage (Golgi apparatus, mitochondria, lyso-
somes) and more frequent also in more differentiated cells. Centrioles,
the less usual organelles in mature satellite cells, also occur in glioblasts
of this developmental phase. Increasing number of glial cells is a further
sign of the spinal ganglion immaturity. In mature spinal ganglia the
satellite cells far outnumber the ganglion cells, because one neuron is
always envoloped by many satellite cells.

Satellite cells in the second phase of ontogenetic development were
found in spinal ganglia of human embryos from 6 to 12 weeks with
increasing frequency. This stage was very frequent also in embryonic
and newborn spinal ganglia of cat and rat. During their postnatal period
the described immature satellite cells occurred with decreasing frequency
up to 30 days after birth, when they were very exceptional.

In the early postnatal stage of the development of spinal ganglia the
neurons are accumulated into clumps. It is the period of the long post-
natal persistence of the original close epitheloidal relation of neurons
without the interposed satellite cells and without intercellular clefts. For
this reason we can in these places find even in postnatal period poorly
differentiated satellite cells growing between the neurons, while on the
periphery of these neuronal groups or on the free lying neurons the
satellite cells are already mature.

The last phase of ontogenetic development of satellite cells is the time
when the definit relation of these cells to neurons is formed. Each satel-
lite cell is in contact with only one neuron and it is surrounded by
the intercellular space varying in width (Fig. 6). So we see that the inter-
cellular spaces are present between all neurons, they are however often
visible only under the electron microscope. The corresponding process
to these changes on ultrastructural level is the formation of the basal
lamina on the membrane bordering the intercellular space. Collagen
fibrils, present even in the narrowest intercellular clefts as well, get
very close to this membrane.

Towards the end of ontogenetic development of the satellite cells we
can also see the forming definitive very complicated relation between
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the neighbouring membranes of the satellite cell and the ganglion cell.
The opposition of both the membranes of immature cells is usually
straight, slight infoldings are exceptional (Fig. 5). In this third phase of
the development of satellite cells both the mebranes are considerably
undulated and so their surface increases many times between the sa-
tellite and the gangiion cell, which is so typical for mature elements
(Fig. 8). There are cytoplasmic processes often sunk deep into the satellite
cells budd.ng out of the surface of the ganglion cell, or the other way
round, there are processes of satellite cells found in the subsurface zone
of the neuronal cytoplasm. In the cytoplasm of the maturing satellite
cells, near their adneuronal membrane, there are small vesicles often
arranged in rows (Figs. 6, 7). When fusing, these vesicles can give rise
to new membranes of satellite cells and so take part in the dynamic
changes on the surface between the satellite and the ganglion cells. The
content of these vesicles can enter the neurons in the process of pino-
cytosis.

The ultrastructure of other cytoplasmic components does not show any
distinct changes in this period. Mature cells have fine cytoplasmic fila-
ments less distinct in younger cells. In the perinuclear portion of the
cytoplasm there are all the organelles described in younger cells with
the exception of the centriole, very rare in maturing or mature satellite
cells.

In immature spinal ganglia the glial envelopes are thin, but in the last
phase of the development of glial cells the perineuronal envelope thick-
ens in some places and is formed by more layers of the satellite cells
(Figs. 6, 7, 8). Membranes of the neighbouring satellite cells are here
folded in a very complicated way which makes the connections of indi-
vidual glial elements firm.

The described third phase of the development of satellite cells is the
most difficult to limit in time. In our human embryonic material there
were no satellite cells in this developmental stage. In the spinal ganglia
of cat and rat there are the first totally differentiated satellite cells
towards the end of prenatal period most frequently surrounding solitary
neurons. In newborns the differentiation of satellite cells is in the third
phase of the ontogenetic development when the cells acquire the mature
morphology and ultrastructure.

The ontogenetic development of satellite cells can thus be summed up
as follows:

In the first phase there is no morphological and ultrastructural diffe-
rence between glioblasts and neuroblasts.

In the next developmental phase glioblasts get the satellite relation
to neuroblasts, change into star shaped or spindle shaped elements with
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Fig. 1. Undifferentiated cells in mutual close contact without any visible intercellu-

lar clefts. It is not possible to distinguish the neuronal and glial elements, as to

their size, shape and ultrastructure of their cytoplasm. Human embryo 4 weeks
old. X 14100.
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Fig. 2. Primitive satellite cell clearly differing from neighbouring neuroblasts.

Its nucleus has an irregular shape and chromatin is condensed into caryosomes

lying near the nuclear membrane. Cytoplasm of the satellite cell is in close contact
with three neuroblasts. Human embryo 8 weeks old. X' 16 450.
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Fig. 3. Cytoplasmic processes of glial cells seen in longitudinal section (asterisks).
These processes separate the neighbouring neurons, which were before in close
contact. Human embryo 4 weeks old. X' 66 000.

Fig. 4. Direct contact of two neurons without separating satellite cell sheath. Some
glial processes penetrating between immature neurons are seen in cross sections.
Cat 1 month old. X 30 000.
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Fig. 5. Group of two neurons with a commcn satellite cell sheath. Intercellular
spaces-are not visible between them. The adjacent membranes of neuron and satellite
cell are still straight without larger irregularities. In the cytoplasm of the maturing
satellite cells there are small vesicles arranged in rows. Cat 1 month old. X 14100.

Fig. 6. Satellite cells in the last phase of their ontogenetic development. The defini-

tive relation of these cells to neurons and intercellular spaces is formed. Membranes

bordering tke intercellular spaces are provided with a basal lamina. In its vicinity
the collagen fibrills are seen. Cat 1 month old. X 14100.
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Fig. 7. The sheath of this neuron is formed by three layers of satellite cells. In this

cytoplasm there are vesicles arranged in rows. The first cytoplasmic process of sa-

tellite cell penetrating deep into neurcnal surface is visible (left). Cat 21 days old.
IX) 30 000.
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Fig. 8. Perinuclear region of a satellite cell forming indentation in the superficial

part of the neuron. In the cytoplasm there are free ribosomes, solitary sacs of

granular endoplasmic reticulum, some mitochondria, rod-shaped dense bodies and

many fine filaments. Relations of neuronal and glial membranes are very compli-
cated. Adult cat. X 14100.
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cytoplasmic processes penetrating between the neuroblasts. Immature
satellite cells are in this period common for several neighbouring neuro-
blasts. The adjacent membranes of the neuron and the satellite cell are
straight without larger folds.

In the final phase each glial cell envelops only one neuron and between
neighbouring satellite cells intercellular clefts appear, these varying in
width and containing mesenchymal elements. The definitive ultrastruc-
ture is formed both of the satellite cells cytoplasm and of their ad-
neuronal and abneuronal membranes.

The development of these relations and ultrastructure of the satellite
cells does not take place in all glial elements at the same time so that
in the spinal ganglia of one stage we can find satellite cells in different
phases of ontogenetic development.

D. Krajci

ONTOGENETYCZNY ROZWOJ KOMOREK SATELITOWYCH W ZWOJACH
MIEDZYKREGOWYCH

Streszczenie

Przedmiotem badan byl obraz ultrastrukturalny komoérek satelitowych zwojow
miedzykregowych w rozwoju osobniczym. Material badany obejmowal zwoje mieg-
dzykregowe zarodkéw i plodéw ludzkich (do 12 tygodnia zycia $ré6dmacicznego)
oraz zwoje miedzykregowe szczuréw i kotobw w kolejnych stadiach rozwojowych
od koncowych faz zycia plodowego do wieku dojrzaltego.

Wyodrebniono 3 fazy rozwojowe komoérek satelitowych, wykazujgc ich odrebnoSci
morfologiczne i ultrastrukturalne oraz zmiany w stosunku miedzy neuronami,
a otaczajacymi je komérkami satelitowymi.

J. Kpanm

OHTOTEHETUMYECKOE PA3BBUTUE CATEJMTHBIX KJIETOK
CITMHHOMOSI'OBBIX TAHI'JIMEB

PezomMme

ABTOpb! HMCCJEZOBANM OHTOT€HETUYECKOe DPA3BUTHUE CATEeJMUTHBIX KJETOK MerKIIo-
3BOHOYHLIX TaHIJIMEB 4YeJIOBeYeCKMX 3apojblliell U IUIOAOB (paHHME NEepueAbl pas-
BUTHMSA), @ TakKzke KpPbIbIC M KOLIEK OT IIOCJEJHEero IepuoAa IUIOAOBOM KU3IHU U
OKOJIOPOZOBOrO nepmoga .40 3penoro Bo3dpacta. Omucanbl 3 a3kl pa3sBuTUd carTe-
JUTHBIX KJETOK, OTIMYAIIMXCA II0 MOPGOJIOrMYEecKOMY M YJIbBTPaCTPYKTYPHOMY
CTPOEHMIO. YYMTHLIBAETCA OTHOLLIEHME CATEIUTHBIX KJIETOK K HelpoHaMm.
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